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INTRODUCTION 

The International Indimrv Yt'ARBook is an annual publuation planned to sum¬ 
marize the technological progress achieved in the vaiioiis helds of engineering and industry 
It is intended to serve both management, education and the engineering profession by pro¬ 
viding, in a single volume, the overall pictuie of the technical advancements throughout 

industry as a whole. This first issue of the Yearbook is not designed to accomplish a deep 

vertical penetration into a single field, but rather to provide a broad horizontal review of 

significant industrial developments. 

The Iniernationai. Indhstrt Yearbook is intended to fill a long felt need by offering 
in one volume the most significant and geneially valuable progre.ss reports from various 

helds as commonly represented by the technical societies and trade associations Highly 

specialized accounts of technical developments are presented m a clear, semi-technical 

language 

A dealing house of general information on advances in industrial technology, which 

the International Indu-stry Yearbook is intended to be. has been recommended by many 

who arc unable to follow the large number of trade and professional tnagazanes that directly 

or indirectly relate to their particular fields To condense, in readable style, the important 

and salient technical developments described in specialized engineering studies, magazines, 

convention lepoits, etc, and present them in an understandable form to industry as a whole 
IS the primaly function of this Yearbook. 

Due to the cloak of wartime censorship, full publicity has not been given to many 
advances which stem from research during the period of world conflict. Accordingly, the 

various contributors to this 1948 Yearbcnik have traced back certain developments in order 

to bring industrial engineeiing progress up-to-date This review, spanning the last half 
decade, has necessarily compelled the vaiious authors to omit many details and descriptive 

information that will ordinarily be included in future issues. 

It has become a truism in recent years to speak of the interdependence of nations. It is 
also becoming apparent that there is an increasing interdependence of technological knowl¬ 

edge between various engineering fields. It is the objective of the International Industry 

Yearbook to promote the flow of technology not only within countries but across national 

boundaries as well. No single field of engineering or research can be developed inde¬ 
pendently. This becomes increasingly evident when industrial changes and technological 

developments are being accelerated in all parts of the post-war world. 

An effort has been made through this Yearliook to emphasize the transference of data 

and information between various fields of industry so that they can be used advantageously 

and quickly. It is often forgotten that the transfer of developments from one industrial field 

into others is an economic necessity. There are certain common elements in materials and 
equipment that may be assimilated advantageously by fields other than those in which they 

were originally developed. Accordingly, each contributor has written his specific review 

article from the viewpoint of its relation to industry as a whole. Each review not only relates 

1 
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the specific developments in its field, but also describes the expanding use for these end- 
products by other industries. 

No single man can be conversant with developments throughout all of industry; often 

he is not fully aware of the significant progress achieved in his own special field. Yet man¬ 
agement is faced with the responsibility of understanding and acting upon trends through¬ 
out industry as a whole. This can only be achieved through a collaboration of experts in 

each field of industry who write directly and in a basic engineering language. Their reviews, 

as published in this single volume, provide the broad engineering profession, educators, 
economists and business management with a valuable tool for integrating and evaluating the 

impact of recent industrial change. 

In this issue we have touched only lightly upon the developments in countries outside 
the United States. It has been felt that the greatest progress in engineering and technology 

during rcent years has been achieved here rather than in other countries In the coming and 

subsequent issues, however, greater emphasis will be given to a more penetrating coverage 

of world-wide technical progress. 

The subjects included in the 1948 Yearbook have been chosen to include the most 

significant developments in the major fields of industry. Such a selection is highly correlated 

with those fields which have been most stimulated by wartime research. This broad coverage 

reviews in major outlines the progress of several years in fields which are of special interest 
to business and industrial management. 

The text of each article serves to review the developments and trends inadequately 

reported elsewhere, as well as to summarize much that has been published in the field. These 
functions are, in turn, carefully supported, point by point, with the necessary bibliograplry 

and reference materials. The interpretation of trends has been left to the discretion of each 

contributor. Economic discussions have been avoided except insofar as they were judged to 

be essential to an understanding of the technoli^ involved in any given field. Since the 

Yearbook is primarily intended as a technological review, economic evaluations and inter¬ 
pretations are judged as largely secondary to the fundamental intentions of the Yearbook. 

The success of such an ambitious project as this single-volume review of industrial 

progress depends in no small measure upon the competence and responsibility of the con¬ 

tributing authors. A glance at the backgrounds of the men selected to write for this Year¬ 
book, as described in the previous pages, will indicate their authority and recognized posi¬ 
tion in their chosen fields. The conciseness and clarity of text, well organized exposition and 

highly refined bibliography reflect the thoroughness of their work. 

As editor of the Yearbook I would like to express my personal appreciation for the 
cooperation and kindly efforts of everyone involved in making this volume a reality. 

L. J. H. 



CHAPTER I 

WORLD INDUSTRY 

Lloyd J. Hughlett 

A suwey of world industry ts at any time an ex¬ 

tremely hazardous and bewildering undertaking 

With the world technically at peace, but with war 

engaging the efforts of millions of people in Asia 

and the Middle East, and with parts of Europe dis¬ 

rupted more than two years after the end of war, 

such a survey as that of the INTERNATIONAL 

INDUSTRY YEARBOOK must recognize the limi¬ 

tations of available information. 

It ts impossible to obtain either reliable or valid 

data from many countries It ts under any circum¬ 

stances impossible to obtain adequate information 

from some countries at any lime. Many nations are 

not yet equipped to (ollect and report such statis¬ 

tics. This survey, therefore, has been restricted to 

the principal industrial nations of the world and 

the reader will discover that the details of the in¬ 

dividual reviews are roughly commensurate with the 

importance of each nation. It ts our intention to 

make annual reports upon these countries, supple¬ 

menting them with studies upon countries of sec¬ 

ondary industrial importance when sufficient per¬ 

tinent data becomes available 

In the absence of completely comparable data and 

classifications for all nations, it has been necessary 

to include the most nearly comparable senes of 

statistics. Some countries have classified different m- 

dustries under customary categories Whenever this 

ts true. It has been noted. Where all data for a 

country are given in metric values, we have decided 

not to alter them This is particularly significant in 

the instance of industrial targets, since the trans¬ 

lation of a rounded target to another system would 

result in what would appear to be a specific figure, 

e.g., a coal production of 250 million metric tons 

would appear converted as 275J77J00 V. S. tons. 

Where a senes of figures has been included to 

demonstrate a trend, and the units of measurement 

are of an unfamiliar local nature, they have been 

left unchanged, with an indication of what the 

unt<i mean »n more familiar terms. Wherever it has 

been impossible to obtain recent (post-war) statis¬ 

tics, we have included the latest pre-war figures 

rather than omitting them entirely. For the large 

part monetary values have been converted to dollars 

except as otherwise specified With few exceptions, 

statistical material has been obtained from official 

government sources. 

The Editor 

WORLD INDUSTRY SINCE THE WAR 

Mure than two years have elapsed since the technical 

termination of the World War II These years have wit¬ 

nessed a general decline in the world's industrial activity 

from the peak attained at the height of the war Two 

important industrial powers—Germany and Japan-have 

been crushed by defeat Their industry has been con¬ 

trolled by the occupying authorities pending major deci¬ 

sions relating to us eventual disposition through repara¬ 

tions and Its permissible peacetime level. 

The recent war is directly responsible for the world¬ 

wide shortages of food, fuel, and raw materials Planned 

destruction crippled much of Europe's industry. Wartime 

neglect has left a mark on what productive facilities re¬ 

main. Dislocations of trade further hamper the rebuilding 

of supply lines and the distribution of goods. The peoples 

of the warring nations of Europe have been decimated, 

and those who have survived are discouraged and suffer¬ 

ing from malnutrition. It it impossible to measure the 

psychological handicaps whidi retard recovery, yet they 

moat certainly affect the pace of reconstruction. 

First measures to revive liberated economies were uken 

by the Allied armies Emergency relief was provided by 

the military under a pnigram designed to prevent “disease 

and unrest" behind the advancing troops Wherever pos¬ 

sible and useful, liberated industry was put to work on 

military contracts-manufarturing finished munitions and 

spare parts for military equipment, and otherwise aiding 

the war effort Some countries were thus enabled to earn 

hard currencies and to put men and machines back to 
work 

l/mg before the end of the war, the United Nations 

Relief and Rehabilitation Administration initiated the 

procurements of foods and materials for reconstruction 

in liberated areas. Funds made available to UNRRA for 

operations whith came to an end in 1947 amounted to 

nearly 4 billion dollars, of which more than 70 per cent 

was provided by the United States. An important func¬ 

tion of UNRRA in liberated countries was the supply of 

Industrial equipment and farm machinery to accelerate 

industrial and agricultural recovery. 
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Once the war had been won, the victors were forced 
to assume responsibility for the defeated nations Vast 

sums have been expended by the occupying powers to 
maintain order and a minimum level of economic activ¬ 
ity The cost to the United States has exceeded a billion 

dollars a year, and for 1948 a sum of $1,090,000,000 has 

been requested to cover occupation costs in Japan and 
Germany France, Great Britain, and the Soviet Union 

have assumed a lesser expense in the areas they occupy 

Since the war, Europe has obtained foreign credits 

amounting to more than 14 billion dollars, and devastated 

areas in the Far East have received 730 million dollars 

The United States provided '58 per cent of these funds, 

and other hard currency nations hav^e supplied the rest 

Nearly 75 per cent of United States dollar credits have 

been allocated to two countries the United Kingdom 
and France The following table compiled by the United 

Nations Economic and Social Council summarires the 

credits obtained by devastated countries from May, 1946 

to the middle of 1947, as evaluated in US dollars 

Amount 
Country (MtllwnsofS) 

Austria 45 

Belgium 307 

Bulgaria 4 

Czechoslovakia I6R 

Denmark 272 
Fthiopia 6 

Finland 180 

France S.261 
Greece 151 

Hungary 87 

Italy 462 
1 uxemlmiirg 12 

Netherlands 898 

Norway 215 

Poland 169 

Romania - 

USSR 523 

United Kingdom 7425 

Yugoslavia 2 

China 285 

India - 
Siam 25 

Burma 125 

Philippine Islands 81 

Indo-China - 

Nethcrland Indies 215 

'I otal 14.768 

United States government credits accounted for $8,024 

million dollars derived from the following sources. 

Source of Credits (Mtlltons of $) 

U. S. .Surplus Property Credits 1,134 

Export-Import Dank ... 2.048 

Maritime Commission . . ISS 

Terminal Lend-l-ease Credits . . . ... m 

U, S. lamn to the United Kingdom . 3,750 

Private bank loans and bonds floated on the American 

market supplied several hundred million dollars more 

Canada, the United Kingdom, Sweden, Switzerland, and 
Argentina have granted substantial credits to European 

countries In addition, payment agreements between lib¬ 
erated countries have made possible short-term credits 
to cover deficits in trade accounts 

Two major projects initiated in 1947, aimed at secur¬ 

ing the peace and restoring world econoiiiv, have been 
the United States program for aiding Greece and Turkey 

and the Marshall Plan for European recovery, including 
Its exicnsioiis to the Far East 

Both undertakings unhajipily but necessarily reflect the 

underlying rivalry between the East and the West To 

varying degrees they have ideological as well as military 

significance Of the 3(M) million dollar appropriation for 

Greece, 50 per tent has been allocated for military pur¬ 
poses Of the 100 million dollars earmarked for Turkish 

aid, the entire amount was intended for "purposes of in¬ 
creasing mobility, balance, fire-power, other modernira- 
tions, and decreasing the manpower requirements of the 

I urkish armed forces 

In raid-1947, Secretary of State George C Marshall out¬ 
lined a plan for economic aid to Europe and invited all 

European countries to present estimates of their needs 

budgeted over the next several years Sixteen nations of 

western Europe responded to the invitation The coun¬ 
tries of eastern Europe, charging that the plan constituted 
a form oi American dollar imperialism and infringed the 

rights of sovereign states, refused to participate 

The Committee for European Economic Cooperation 
met in Pans and drafted a plan which was submitted to 

the United States T he staggering conclusion of the con¬ 

ference was that Europe would need 20 5 billion dollars 

in goods and services from the United States over a 

four-year period, for which it could plan to offer in 

return goods and services valued at 4 7 billion dollars 
Requirements for 1948 were estimated to total 6 05 bil¬ 

lion dollars. 

The immediate reaction to the European Recovery 

Pn^ara in the United States was a request to Congress 

for funds to cover interim aid amounting to nearly 
500 million dollars, pending careful study of the long¬ 

term aid program. It was obvious, from the outset, that 

Eurojie’s requests would be scaled down. 

Nevertheless, the broad lines of the recovery plan pro¬ 

vide a clue to the problem and how the sixteen nations 
propose to solve it In the first place, Europe wants to 

duplicate an expansion that parallels the growth which 

occurred in the United States during the war years, 

194044 In that period, U S production rose as follows: 

coal, 34 per cent: steel, 51 per cent; and electric power, 
61 per cent. The parallel European goals are; coal pro¬ 

duction, to increase 33 per cent; steel (excluding Ger¬ 

many), to increase 60 per cent: and power, to increase 

39 per cent. 

The Committee for European Economic Cooperation 
outlined the reasons Ua Europe^* needs as follovys: 

I.) Physical devaatadon and diaruptkm in western 

and eastern Europe’s principal food and tnnber pro- 
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ducing zones, together with the dislocation o£ the 

European transportation system, caused a temporary 

paralysis in western Europe, including Germany; 

2) Prolonged interruption ol international trade 

has occurred simultaneously with the loss of income 

from merchant fleets and foreign investments This has 

contributed to the exhaustion or diminution of dollar 
funds in the sixteen countries. This has occurred at a 

moment when many vital needs could be met only 

from dollar resources, 
3) Human strain and exhaustion are the results 

of six years of war or enemy occupation, 

4} Their international financial disequilibrium is 
the inevitable result of a long war, 

5) In southeast Asia, the shortage of food supplies 

and raw materials are vital to the European economy, 

both for direct consumption and as earners of dollars, 

6) The abnormal increase of population in certain 

areas is a consequence of the wartime movement of 

peoples 

These are the handicaps to recovery, and in drafting a 

plan to overcome them, each of the sixteen nations 

pledged- 

1) To develop its production to reach the targets 

especially for food and coal, 

2) To make the fullest and most effective use of its 

existing productive capacity and all available man¬ 
power; 

3.) To modernize its equipment and transport, so 

that labor becomes more productive, conditions of work 

are improved, and standards of living of all peoples 

of Europe are raised, 

4) To apply all necessary measures leading to the 

rapid achievement of internal monetary and economic 

stability while maintaining in each country a high 
level of employment, 

5.) To cooperate with one another and with like- 

minded countries in all possible steps to reduce tariffs 

and other barriers to the expansion of trade both be¬ 
tween themselves and with the rest of the world, in 

accordance with the principles of the draft charter for 

an International Trade Organization. 

6) To remove progressively the obstacles to the free 

movement of persons within Europe: 

7.) To organize together the means by which com¬ 

mon resources can be developed in partnership. 

The goals established by the Committee for European 

Economic Cooperation have been summarized as follows. 

1. ) Restoration of pre-war bread, grain and other 

cereal production, with large increases over pre-war 

production of sugar and potatoes, some increases in oil 

and fats, and as fast an expansion in livestock as sup¬ 

plies of cattle feed will allow; 

2. ) Increase of coal output to 5B4 million tons, i e, 

145 million tons above the 1947 level (an increase of 

one-third) and SO million tons above the 1938 level; 

S.) Expansion of electricity output by nearly 70 bil¬ 

lion kwh or 40 per cent above 1947, and an increase in 

generating capacity by over 25 million kw or two-thirds 

above pre-war; 

4 ) Development of oil refining capacity in terms of 

crude oil by 17 million tons, or two and one-half times 

the pre-war level, 
5) Increase of crude steel production by 80 per cent 

above 1947 to a level of 55 million tons or 10 million 

tons (20 per cent) above 1938, 

6) Expansion of inland transport facilities to carry 

a 25 per tent greater load in 1951 than in 1988. 

PRODUCTION OF BASIC FOODS 
(millions of metric tons) 

Commodity 
I9J4J8 1946-47 

Average 
1947-48 19f0-ft 

Average 

All cereals 64 5 SSS 48 9 65 8 

Bread grains 34 0 28 3 214 340 

Potatoes 57 7 507 61 j6 682 
Sugar 34 33 34 39 
Meat 90 59 60 81 
Milk 72.5 557 57 0 73 4 

Oil and fats 
(including butter) 28 20 22 2.9 

PRODUCTION OF COAL AND LIGNITE 
(millions of metric tons) 

Country 1978 1947 1948 1931 

United Kingdom 231 199 214 249 
Western Germanv 

Bi-7one 206 ISS 149 193 
Saar 14 10 14 17 

France 48 51 51 63 
Belgium SO 24 26 31 
Other countries 23 22 24 SI 

Total 552 439 478 584 

PRODUCTION OF CRUDE STEEL 
(millions of metne tons) 

Best 
Country 1938 Year 1947 . 1948 1931 

United Kingdom lOB 13j 12 7 14.0 15.0 
France 6.2 97 SB 104 12 7^ 
Bet go-Luxembourg SB 7.0 4B 7.3 79 
Italy 23 23 IB 23 3.0 
Other countries IB 18 20 23 41 
Bi-7'one of Germany 17 8 178 2B 4.1 10 (F 
Saar and French Zone . SO 30 OB 1.7 27 

Toul 45 5 548 303 423 55.4 

< Limited in 1S4T to 4.T mllUoa inaot tons, bat th* oeenartiw 
witluritlm an eonsMerimi an nppm- Hmtt of 10 million to 
18 million otetrlo tosu. 

Eastern Europe voluntarily excluded itself from the 
scope of the Marshall Plan. These countries on the peri¬ 

phery of Russia's borders showed a political affinity to the 
Soviet Union, and are faced with their own difficult eco¬ 

nomic problems. They may, in time, request financial aid 

from the United States. So may the Latin Americas, for 

whom it has been formally suggested that the Marshall 

Plan be extended. And for the Far East, at some later 
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STATUS OF ELEflTRIC POWER CAPACITY 
Pruoiiciion and Dfficits 

(Marshall Plan countries and Western Germany) 

1918 1947 1948 1949 1930 mi 

I’owei L.'ipjcitv (million kw) •TOO - 48 7 596 65 5 

Inn case o\ei previous \eai 1 1 - 47 55 54 59 

KWH pruilticcd (billions) ISO 170 189 206 222 237 

f.apariiv deflcits (per tent) - 17 15 14 11 8 

I'lfKlurtion (lencits (per iciii) - 5 4 4 S 2 

il.iU', a similar I limed States program of eLononiic aid 

has been pioposcd 

r.isterii Etiiope was occupied by the Rent Army 'Ihe 
"liberated'' gosenimcnts in the states bordering the 

Sosiet Union base linked their national economies to the 

U S.S R and to their neighbors' Throughout this blcKk 

of countries ni eastern Luro|>e, the first bilateral trade 

agreements were reached after the war These liave since 

been so intcrl.ued and extended that the area has become 

dependent upon itself and the Soviet Union to a degree 

iieicr before attained A part of this trend has been 
caused b) the loss of Germany as a principal trading 

partner But the dependence ujion bilateralism in trade 

was a rcsiirrectioii of a pre-war, post-depression tech- 
nic|tie hirgeh impelled by unstable currencies and lack 

of usable foreign rxchange reviurccs Bilateralism has not 

been confiried to caslcrri Europe, although it is more 

pietalent there, hut has charncterirecl European trade as 
a whole since the war More than 150 such agreements 
were concluded within the first two years following the 
war 

In most countries of eastern Europe strong centralized 

gowinments hate etoltcd Although many countries of 
Euiope had placed railroads, banks, power, communica¬ 

tions and other economic factors under government con¬ 

trol long before the war, in eastern Europe national eco¬ 

nomic plans requiied the nationalization of most basic 

industries Only small factories and services have been 

left III pritatc hands Foreign trade has been vigorously 
controlled by goveriinient 

Although e.istcrii Europe, with the help of the Soviet 
Union, has been less affected by the crisis in food supply 

because it has been traditionally a food-surplus area, its 

industrial recowry has been slowed by lack of funds with 

which to obtain capital equipment from the major west¬ 
ern Furo|)enn and American suppliers In general, the 

rate of rec overy and the present level 'of production is 
.iboiit the same as in western Europe. 

The Far East has remained in turmoil War between 

the Central Goiernment forces and the Communist Gov¬ 

ernment of northwest China broke out scxin after the 

defeat of Japan It was continuing on an alarming scale 

.It the end of 1947 Chinese economy is in chaos and 
there is little hope of recovery as long as militarism en¬ 

gages so predominant a share of the nation’s energy, ma¬ 
terials, and finances. India, too, was torn by civil strife 

immediately after partition, and industrial activity de¬ 
clined throughout »47. 

Problems of supply harassed every war-afflicted nation 
Because stocks of focxl and materials were depleted by the 

war, and industrial facilities were either destroyed or 
neglected, imports out of proportion to pre-war levels 

have been required to permit recovery of any kind The 

war left most nations without the money to purchase 

goods, even where transport facilities were available to 

carry them Many countries which had traditionally de¬ 

pended upon their merchant fleets to correct adverse bal¬ 

ances of trade suffered heavy shipping losses United 

States loans anil credits have gone far to assist these 

nations, but acute shortages of the most essential com- 

mcHlities—coal, food, steel, and machinery of certain kinds 

—have been long delayed in delivery even when money 

has been available 

This circumstance has led to a general impression that 

international trade in the post-war years has lagged far 
behind the pre-war level, except on the part of such 
major suppliers as the United States, Great Britain and 

Canada, which have experienced foreign trade booms 

Certainly during the first post-war year, international 

trade was at a low level. But in the second half of 1946, 

and throughout 1947, trade climbed steadily, and in some 
instances spectacularly 

The Bank of International Settlements has summarized 
the status of post-war trade in its Seventeenth Annual 

Report Figures are given m United States dollars, and 

in the table shown at the top of the opposite page no 

attempt is made to make adjustments for the known rise 

in the costs of goods moving in international trade 

From this table it can be seen that m the 12-month pe- 

ncxl from June. 194.'> to July 1, 1946, the dollar volume 

of trade surpassed the levels of both 19.?7 and 1958, and 
in 1946 was more than half again as large. For com¬ 

parison with prewar conditions, it is necessary to try to 

strike an average for the probably price nse between 

1958 and 1946 In this connection, the B.l S. points out, 

trade figures have been converted to dollars at the offiaal 

rate of exchange and in many countries the domestic 

pnee rise was steeper than in the United States. More¬ 

over, the value of imports has been swollen by the heavy 

cost of shipping. If the level in 1958 is taken as 100, the 

price index figure for the latter half of 1946 would prob¬ 
ably be somewhere between 800 and 250. If calculationt 

are made on the bans of a price index figure of 225, the 

volume of 1946 trade would appear to be only aboat JO 
per cent below the 1958 vtdunie. 
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(in millions of $) 

im mi im 

mi 
July. 
Dec 

me 
Jan - July. 
June Dee. 

J9J5.46 J946 
July.June 

12 months 6 months 12 months 

Untied Kingdom 15,200 7,300 6300 3,300 4,100 5,000 7,500 9,100 
United States 16,100 6,300 5,000 5300 6,900 7.400 12,700 14300 
SI Other Countries 36.300 16.900 14300 9.100 10,300 14300 19.400 24300 

Total. 33 Countries 67,600 30,500 26,100 18300 21,300 26300 39300 47300 

Applying ihis yardstick to the recorded trade of twelve 
nations in Europe (as reported by the United Nations 
economic section), after eltininating non commercial im¬ 
ports (chiefly UNRRA), it would seem that 1946 trade 

was 87 per rent of the 1938 volume In 1947, from esti¬ 

mates of full-year trade prepared several months before 
the end of the year by twelve governments, trade may 
have exceeded the 1938 volume by between 10 per cent 

and 20 per cent However, a preponderance of imports 
alters the optimistic picture which figures tend to depict 

Most devastated countries are forced to accept the pros¬ 
pect of a continuing deficit in their trade accounts for the 
next three to five years 

Nevertheless, world recovery depends heavily upon a 

rising trend in the exchange of goods between nations 
In the fall of 1947 the 18 chief trading nations met at 
Geneva to discuss the draft charter of the International 
Trade Organiration After six months of persistent effort, 
agreement on most points had been reached, and a vastly 
complex system of tariff reductions had been tentatively 
agreed upon—pending approval of many of the partici¬ 

pants The Charter aims directly at reducing barriers and 
restrictions to world trade, thereby making possible an 
expanding volume of multilateral commerce 

ARGENTINA 

The Pampa, constituting some quarter of a million 
square miles, is Argentina's agricultural, manufacturing 

and population center During the last ten years the 

nation has made tremendous strides towards establishing 
certain industries throughout this area that will make 

the country independent of outside sources of supply. 

The country has a well developed though agriculturally 

dependent industrial system. By 1947, Argentina was 
processing about 85 per cent of its total agricultural pro¬ 

duction. Although exporu consist predominantly of live¬ 

stock products and grain, they are now being shipped 

abroad as processed goods. 

Argentine resources lack certain important sources of 
supjdy for a fully self-sufficient and advanced industrial 

economy. Coal, hydro-electnc power immediately acces- 

uble to population centers, and high-grade and workable 
deposits of iron are outuanding deficits in the country's 
economy. 

During the war Argenthu enjoyed a new high in for- 

eipt trade whidi under dw present pOlitica] management 
of die country has hidirectly contributed to the national- 
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ization of industry The government’s efforts either to 
enter into a partnership with private enterprise or to con¬ 

trol industry indirectly has been intensified in recent 
years The government has organized, owns, and oper¬ 
ates industrial plants and agencies to compete with com¬ 
panies operating under foreign capital. The purchase of 
foreign-owned utilities has occurred with regularity over 
the past five years. 

In 1947 the census of those gainfully employed by in¬ 
dustry was somewhat over a million workmen, which 
represents an increase of slightly over 100 per cent during 
the last 10 years. Refugee technicians and engineen from 
Europe have contributed substantially in providing the 
technical know-how for creating new manufacturing 
plants and expanding the old-line manufacturing com¬ 
panies which ha>iB supplied many of the basic commod¬ 
ities sold on the Argentine market 

Despite the fact that Argentina is not highly indus¬ 
trialized by U. S standards, industry now accounts for 
about 46 per cent of the national income This meant 
that It has now surpassed agriculture and livestock in 
the Argentine economy 

Great strides have been made in the chemical proc¬ 
essing industries Duperial Chemical Co. has been par¬ 

ticularly outstanding in this field, and hat installed new 
equipment in us Buenos Aires plant for the manufacture 
of rayon and nylon 

Industrial progress has been hampered by shortages in 

domestic ores and fuels Despite this, the government has 
pushed a number of projects in this industry Armco 
International for example, has been given a contract for 
a new steel mill, at a cost of 100 million dollars Eight 
new hydro-electric projects are planned for this year In 
addition many smaller plants have been constructed in 
the area about Buenos Aires for the manufacture of 
such products as refrigerators, batteries, tires, phono¬ 
graphs and pharmaceuticals. 

Argentina does not intend to let the fledgling industries 
made possible by war die out nor do the country's plans 
as envisaged by President Juan D. Peron anticipate allow¬ 
ing the nation to revert to a predominantly agricultural- 
pastoral economy characteristic of the years before World 
Warn 

Argentina’s program for developing its industries has 
been expressed in the comprehensive five-year plan of 

President Peron as presented to the Argentine Congress 
on October 21, 1946 Although there have been disap¬ 
pointing cutbacks in the objectives outlined in the 

original series of 27 bills, the plan nevertheless provides 
a definite, blueprinted schedule for the broad economic 
development of the country at a total cost of |I,665,- 
000,000 (U.S cy.). Financial backing for the plan is to be 
furnished by government exports. Record prices for Ar¬ 

gentine grains have been negotiated by Miguel Miranda, 

Director of Economic Affairs. 

Principal features of the 1951 goals of the five-year 
plan include: a 45 per cent increase over 1945 averages 
in the value of goods to be foocessed, a 52 per cent in¬ 

crease in wages, a 54 per cent increase in employment, 
and a 50 per cent increase in motive power. 

Manufacturing goals have been set quite high an^ it is 
not likely that diey udB be met according to the sdnediile 

as originally planned, fipecific itm to be enpanded are 
enumerated In die foBowing table. However, technkid 
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difficulties, unfavorable balances of trade with countries 
capable of supplying the industrial equipment needed, 
and difficulties in persuading foreign capital to back 

private enterprises in Argentina 
curtail many of the projects. 

are factors likely i 

MANUFACTURING GOALS 

Present Output 
Products Output 

Metric 
Tons 

by mi 
Metric 
Tons 

Colton \ains 69.000 B0,000 
Woolen yarns 21,500 30,000 
Rayon yarns 4.500 8,000 
Argentine long-fther yarns 4,000 6,000 
Silk yarns 2 SOO 
Printing paper and other paper 100,000 190.000 
Newsprint - 50.000 
Wool scouring 05,000 100,000 
Caiislic soda 10,000 40.000 
Sodium carbonate - 25,000 
Lead arsenate - 500 
Barium chloride 500 800 
Citric acid 150 400 
Minium 650 1.000 
7inc oxide 1.400 9300 
Steel blooms 120.000 915,000 
Lead 22,000 24.000 
/lIK 2.000 6,000 
III! H50 2.600 
Aiuimuny l.lOO 2.000 
Aluminum 1,200 1,400 
liii Plate - 70,000 

Under the state controlled five-year plan, various 

sources of raw material, as well as the semi-finished goods, 

will fall under the broad discretionary powers of the 

government This will place private concerns under in¬ 
direct control of the state in the utilization of raw ma¬ 

terials. The raw materials and the semi-finished goods 

enumerated below will iii all likelihood be subject to 
State control Largely consisting of agncultural-pastoral 

products, they constitute the basis for several of the 
country's principal exports Further efforts in the coun¬ 

try's industrialization program will be directed towards 

processing these supplies into finished goods. 

RAW MATERIALS 

Foodstuffs and Oilseeds Wheat, oats, rye, barley, rice, 
corn, cotton, sunflower seed, linseed, peanuts, grape- 
seed, spurge 

Farm Products Hides, skins, wools, cotton and linen 
fiber, hemp, ramie, parmio, jute 

Forest Products; Timter of several kinds 
Mineral Products- Solid and liquid fuels, metallic min¬ 

erals, containing iron, copper, lead, tin and zinc 

SEMI-PROCESSED GOODS 

Foodstuffs and Otis. Flours and oils of all kinds. 
Farm Products; Tanned leather and skins, yams, ropes, 

fabrics, and paper. 
Forest ProdueU; Tanning extracts, semi-manufactured 

timber of all kinds, derivatives from wood distillation. 
UinersU Prodtsets; Pig iwn, copper, lead, tin, zinc and 

anoya; relied et cast materials manufactumd there- 
frtm; pmdneta derived from the industrial process¬ 
ing of fnela; lime tnd cement. 

Under the U S plan for European recovery, large sums 
will be spent in Latin America for the purchase of food¬ 

stuffs to be shipped to France and Italy Unquestionably 

Argentina will be the principal Latin American contribu¬ 
tor of grains and beef. It is anticipated that U S. dollars 
will be made available to Argentina for the purchase of 

the machinery required under the five-year plan. Gov¬ 
ernment controls arc in tight effect to channel all im¬ 

ports into those fields which support the industrial de¬ 
velopment of the country In May, 1947. Argentina's 
balance of trade was unfavorable for the first time in 

over five years During the first six months of 1947, U S 
sales to Argentina were about .^00 million dollars as com- 

paied with Argentine exports to the United States of 
90 million dollars This lopsided traffic has seriously 

aftericd the country's dollar balance, although it is still 

in a sound and strong position 

Much of the industrial machinery and certain raw 

materials will be admitted duty free into Argentina as a 
means of encouraging the industrial five-year plan Prod¬ 

ucts which compete with the national industries will not 
be given import permits Furthermore, government pur¬ 

chasing agencies will favor Argentine products even if 
they do not compare in quality with the imported goods 

Supplemental measures to support the development pro¬ 

gram will include stockpiling of materials required by 
manufacturing industries, price fixing of certain raw 

iiiaicrials government subsidies to promote Argentine in¬ 
dustry, and protective tariffs 

Peron has recalled that only two decades ago Canada 

and Argentina were approximately equal in their manu¬ 
facturing capacity Today Canada, with a population 

smaller than .Argentina's, has almost tripled its industrial 
capacity To accomplish the first step in the five-year 

program, the government is not engaging in the con¬ 

struction of a large number of factories, but rather is 
adopting a schedule for improving the basic industrial 

facilities of the country such as transportation, power, 

etc 

This includes the purchase of much needed rolling 

stock, modernization and rehabilitation of railroads 
Highway transportation and aviation will also be im¬ 

proved at a budget of around 32 million dollars a year. 

River transportation will be developed to support the 
growing merchant marine. Both the Rio Negro and the 

Parana will be dredged in certain locations and port 

installations improved Port facilities at La Plata are 
exceptionally congested and docks are loaded with in¬ 

dustrial equipment purchased and delivered but not 

shipped to their point of installation. 

The five-year building program has been set at a total 

of 155 million dollars Approximately half of this total 

has been tentatively allocated to educational facilities for 
300,000 atudents of all levels The second large portion 

of the building funds will be used to construct about 300 
government office building. Other buildings to be erected 

include national-park tourist hotels, terminal grain and 

field storage elevators, low cost housing, and a series 

of dams in the svestern provinces which svill be coupled 

with a farm coloniation program in that area. 

Electric posirer continues to be the key to any indua- 
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trial expansion pipe line connecting the oil fields at Co- 
modoro Rivadavia with Buenos Aires. This line will rep¬ 
resent the axis of industrial development. The bulk of 
the pipe was bought in Italy with iron being supplied 
by the United States. The construction of a laige hydro¬ 
electric project at Salfo Grande is still in the discussion 
suge. At present only about 5 per cent of the country's 
power is denved from hydro, 12 per cent from diesel, 
and 83 per cent from steam. Looking beyond the five-year 
plan, Peron has proposed that the country increase iu 
hydroelectric potential from its present 45,000 to 1,400,- 
000 kwh in fifteen years. 

Many delays will be experienced in executing the va¬ 
rious ramifications of the five-year plan Principal of 
these will be due to the need for competent coordinauon. 
A large share of the projects exist in name only Very 
little work has been done on many of them and only a 
few are being worked out in full engineering deuil. 
Construction has been started on still fewer of the under- 
ukings. Nevertheless, the five-year plan is fully en¬ 
trenched in the minds of the Argentines The country 

has a planned objective towards which it is bending its 
entire financial and moral resources With a well fed, 
clothed and educated population, the country will un¬ 
questionably succeed in achieving a great many of the 
industrial goals which have been defined. 

Wllk 10 raoia apwallm In Ai«Miliack Bvenaodr Battwr Co. 
hm uBdortdMB a tefo oapoasleD pcegnas, LeeoM la Mbiub 
ei Buoaea Ataa. U mgautartatoa a huea voilatr ai pnduda. 

AUSTRALIA 

Since the end of the war, Australian industry has been 

concentrating on the job of consolidating gains made 
during the war years Planning and developing post-war 

industry have, therelore, been directed toward full use 
of new skills, materials, and trained labor, decentraliza¬ 

tion of industry throughout the Commonwealth, and use 
of government facilities and equipment by private busi¬ 
nesses 

Australia made rapid progress in industrialization after 
the depression. Manufacturing production rose in value 
from 385 million dollars in 1932-33 to 657 million dollars 
in 1938-39 During the war years, the value of production 
rose 78 per cent to 1,170 million dollars in 1945-6 These 
figures include, of course, a rise in prices over the periods 
covered 

In 1943, before the end of the war, the Commonwealth 
Secondary Industries Commission was established to re¬ 
view manufacturing progress and recommend post-war 
develojiment policies to the government. The vastly in¬ 
creased production was accomplished by expanding fa¬ 
cilities War factories had risen in number from five to 
42, over 220 new machine shops and annexes had been 
established for industry; privately-owned factories had 
increased by over 2,000; shipyards, airdromes, and trans¬ 
port facilities had been built and extended; and new 
raw material resources-chiefly coal, iron-ore and non- 
ferrous meul deposits-had beien developed. In 1944 the 

Commonwealth Secondary Industries Division was set-up 
to implement industrial expansion plans of the govern¬ 

ment 
Assistance to private manufacturing by both state and 

central govemmenu has been a feature of post-war in¬ 
dustrial development. (M the 42 modem war plants built 

and equipped by the government 33 have been recon¬ 
verted for use by private industry. Of these, 22 are in 

raral areas and II are adjacent to large industrial towns. 
An effort hat been made to decentralize new production 
facilities to utilize local sources of raw mateiiala, labor, 
water, and power. As a result some 214 new enterprises 
covering 39 industries have acquired war-built Itches. 
When in full operation, they will employ an esthwnted 
41,000 wmien. 
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Direit iincstiiiciu by loreign c()ni|>.iiiics li.is been vig¬ 
orously eiuour.iged Of viiiie 1.07 > new conipjiiic^ estab¬ 

lished 111 ihc (.oniiiionsvealth since the end of the war, 

989 base been of Australian origin, ii2 from the United 
Kingdom 82 Irom the United States, one from Canada, 

and one from India 'I’lic accompanying table indicates 
the distribiirioii of new enterprises among the saiious 
industrial categories 

niSTRlBiniON OF NEW AUSTRALIAN 

INnUS'IRIES HY CROUPS 

Total 
Kno No of 

l)itlusl)inl (-toufK P>o)frls Eslahlish- 
joicr mrnU 

IHI//-/V75 ]0N-4f 

ritatniciii Ilf Mine <niil Quarn 
Piodiicts *54 AW 

Bucks Pottcis f.lass, elc 2H 41K 
rhemicals, Dscs Paints, tic 110 002 
Industrial Metals M.ichnies etc IGH 8 171 
Piecioiis Metals, lewelrv 10 267 
IcNtiles and I extile PiikIuiIs 72 86*5 
Skins and Leatlici 38 SHI 
C lothinR HI 4,771 
Food, Drink loharco 92 1,664 
VVoodwoikuig and Baslcccwaie 2S 2H75 
Fiiinitnie Bedding Fic 21 9S9 
Papci Viinling Bookbinding 12 I.6HH 
Rubber 16 286 
Musical Insiitinicnts I 37 
Miacellaiieoiis i'rcKliirls 41 650 
Heal Light and Powei 9 476 

Total 1.07S 28,930 

Australia's iron and steel industry now has G blast and 
21 open-hearth furnaces which produce 1,500,000 tons of 

iron and steel priKlucts from local ores .Sesen shipyards 

are now engtigccl in ina|or repairs and ship construc¬ 
tion WcKil consumption of Australian textile mills has 

been alNiut 10 |M-r cent of national production and an 
increase is ex|>eclecl 

Dcselopnient of hydio lesources is being undertaken. 

The (ainimonwealth Hureau of Mineral Resources is 
surveying possible extension of tlie mining industry The 

Commonwealth Alurninium Production Commission has 
bcim set up to insestigaie the titiliration of bauxite de- 

|«»sits in T asmaiiia Four state governments arc promot¬ 
ing the exploit ition of existing black and brown coal 
alias legislation in all stales places post-war develop¬ 

ment projects under si.ite commissions and regional 
boards to assure wider distribution of electricity 

With a local market of 7.500,0(50 consumers, Australian 

industrialists are seeking a larger share of foreign markets 
to absorb exp.inding production In the last decade, 

Australia's expoits have been steadily rising and the 
share of maniifactuiers in export trade has advanced even 

more rapidly 
(hi nnlhons V S cy) 

Total Value of Value of 
Australian Manufactured 

Fxportf Exports 

1914 15 36.12 194 
1918 39 449 r> 27 5 
1939 40 545 3 43 8 
1943-44 469 4 1014 
1944 45 497 0 90 2 
1945-46 7116 101 2 

.Along with this infusion o( new enterprise, a signifi¬ 

cant but minor part ol it backed by foreign capital, has 
come a steady increase in imports of new capital equip 

ment A special interdepartmental committee set up by 

the Covernmem passes upon import permits for essen¬ 
tial machines and tools 

By the end of 1946, factoiy employment in Australia 
was the highest on record, totaling 777,(MKl workers. Em¬ 

ployment in the Commonwealth at that time reached 

2.161.000 In I938-.19 the number of factory workers was 
542,200 and in 1943-44, at the war peak. 744.500 

Increasing employment and production base been paral¬ 

leled by a substantial rise in power consumption and ex¬ 

tension of power facilities In 1938-39 consumption 
amounted to 4.688,000.000 kwh This rose to 6,817,0<W,000 

kwh in 1944-45 

Continued operation of several wartime manufacturing 

actisities has strengthened the Australian industnal 

structure .Aircraft, motor vehicles, and electronic prod¬ 
ucts are now being produced. The government has under¬ 

taken a sliipbuilding program under the direction of the 

Australian Shipbuilding Board. New industrial opera¬ 

tions will include plastics, optical glass, surgical instru¬ 
ments and rayon manufacture. Australia now produces 

more than 100 chemical producu not previously proc¬ 

essed in the country, Mat^ine tool production is more 

«etf-su01dent than before tint war. 

AuatmUa’s matoUiiTglcai and ni*lalwarklii« indiwMiMi hiiva 
modani ■quipmanl. Doling Ih* war Ibow indusUal fialda 
pondod la supplr cartoln ncdnlananea nsgulwmanla of 
Ih* onnr and novr. Todar tbay ora angogod In poocallaw 

haovT manuladiiM. 
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AUSTRALIAN STATISTICS DATA ON SELECTED INDUSTRIES 
ttal* unleai othenviie iiKlicatecl) (1945-1946) 

liidiistTial employment 750579 No. No Value 
of Estab- Em. 

Salaries and wages $664.483200 
Manufactures lishments plbyed duetton 

Exetuies warhnff fnprietorj 
\veiage Annual Income in Industry $852 W Chemicals, dyes, etc 862 36,340 75 2 

Excludes xcorkmg proprietors 
lotal Capital invested m Indiistrs 
Iron and Steel Prudiirtion floiis) 

$1,172,700,400 
1 reatmeiit of non- 

metallic mine and 
qiiairv products 458 7.933 148 

Pig Iron 957,422 Food, drink, toliacio 5564 105,194 2000 

Steel ingots 1.356,913 Industrial metals, etc 8.173 319,314 472 2 
Railroads (nides) 27,213 Heat, light, power 476 9.453 448 

Highwais (miles) 46,000 Papei, stationery, etc 1588 36.726 62.7 

Kith generated 6 817 442 000 rexliles. elf 865 57,204 71 4 
I'clephones (1947) <>16,000 Other 10,744 178,415 217 6 

1 he nidiistriiil (>ruwth of Australid, particularly during 
the last decade, has provided a better balance to the 

country’!! econoinit strutturc Pre-war expoii prices for 
primary suipluses tarried a disproportionate burden in 

insuring the country's economic welfare New industries 
create new avenues of employment and a more stable 

home market Australia's price stiucture. involving rigor¬ 
ous contnils dtiiing the war. has been continticd into the 

transition period This has had a stabilizing effect upon 

the national economy and will benefit manufacturers by 
arresting inflationary prices for raw materials during the 

pcricKl of worldwide shortages Australia is also cxrncerned 
with costs insofar as its export trade ts concerned. It is 

emphasizing efficiency in industrial management and in¬ 
creasing prcKluctisity per man- and machine-hour It is 

also seeking stable long-term markets for its manufac¬ 
tured gOCHls 

RELENT INDUSTRIAL DEVELOPMENT.S IN 

AUST RALIA 

Company b Products 
Foreign 
Interest Remarks 

CHEMICALS 

I Cl Australia, New Fealand, l Id Will make urea-formaldehyde mold- UK 
mg powders, and polvvinyl chloride* 

ICI Alhah (A list) Pty I td . Osborne, S A UK 

Noble (Aust) Ply Ltd . Melbourne U K 
Monsanto (Aust) Pty I td , Braybrook, Vic Will double output of phe U S. 

nolle molding powders, increase sulpha drug output 

Nicholas Pty Ltd , Mellxnirne. pharmaceuticals 

Tantalite Ltd , Adelaide, will form New Metals (Aust) Ltd. to make 
tantalum, niobium. Iieislliuni. caesium 

Amalgamated Metallurgical Corp, Ltd., Finsburv, SA, tantalum and 
niobium by new process Plans eventually to produce nrconium, 
hafnium and titanium 

Broken Hill Associated .Smelters Pty Ltd , Port Pine. S A, sulphuric acid V K 
from lead concretes* also copper sulphate 

Robert Corbett Pty Ltd., Svdnev, NSW. synthetic butanol, organic 
solvents 

Colonial Sugar Refining Co Ltd, Sydney, cellulose acetate* and acetic 
anhydride 

Australian Commonwealth Carbide Co Ltd, Electrona, Tasmania, car¬ 
bon black 

£us(on Ijead (Aust) IM., Melbourne, whtte lead under U S, patents 
Shell Co. of Aust Ltd., Melbourne, road bitumen and high-grade lubri¬ 

cating oil 
Shell (Queensland) Development Pty Ltd . Brisbane, Q, exploration 
aflumen & Oil Refineries (Aust.) Ltd., Bunnerong, N,$.W., bitumen VS. 

refinery* 
Eneuum Oil Co. Ltd., Melbourne, building a new-type refinery near 

.Altona, Victoria. 

^Xndieatei tyew pnxhiet not pneviously made in Australia) 

Building new plant at 
Botany, NSW 

Duplicating its facilities at 
a cost of $S,2SOd)00 

$960,000 expansion 
Increased capital by $865,000 

New plant. East Malvern, 
$640,000 

$640,000 expansion 

$S,2SOOOO new plant 

$3,230,000 new plant 

Resumption of production 
through agreement with 
Canadian owner of for¬ 
mula 

$182.4(10 new plant 
Expansion 

$2,400,000 explorations 
New $3230,000 plant 

Refinery. $2.400/K)0 
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Adelaide Chemical Co Ptv Ltd j bleached barites, barium aulphate, 
barium carbonate 

S>nthetic ammonia (ilaiita at Ballarat and Albion. Vic. and Villawood 
and Muhvala, N S W , were government-built and are all being ex 
tended for ammonium sulphate, thiee will produce methanol 

INDUSTRIAL METALS, MACHINES. Etc. 

B)liken Hill Pty Co Ltd, has taken over Australian Iron K. .Steel Co 
1 Id , iron and steel products, rails*, hot-cold strip* 

7inr C orp Ltd , Broken Hill, NSW, smelting, refining and manufacture ti K 
of non fcrioiis metals 

Ml Isa Mines I Id , \tt Isa, Q, lead, silver, copper, mining and smelting US-UK 
Australian C.iweruinent Aluniinitin Produrtirm Commission, launceston, 

I as , aluminum* 
ll’ft/ Aushalia State Government. Wimdowie, W 4, charcoal iron* 
Electronic Industries, I td , Melbourne, electronic equipment, dry bat- 

Brilish Oil Engines, Australasia, Ply ltd, Waterlook, NSW, gasoline. I'K 
kerosene, and oil engines 

I isler niackstone Ptv / (d , St I’eters, NSW, gasoline and diesel engines II K 
Perkins (Ausl) Ply Ltd , Lidcombe, N SW , diesel engines li K lie 
Commonwealth Aircraft Corp, Port Melbourne and Lidcombe, NSW, 

gas engines and aircraft* 
B O Morris (Aust ) Ptv Ltd , St Marys, NSW, flexible steel shafting*. I' K 

grinding wheels and files 
Wiltshire File Co Ply f fd , Tottenham, Vic. stainless steel knives* US 
Tubeinakers of Australia Ltd. Adelaide, .S 4 , C.Iifton Hill, Vic, St U K 

Leonards. NSW, seamless tubes, conduits 
British Vnited Shoe Machinery Co of Aust Ptv Ltd, Mitcham. Vic, UK 

shoe machinery 
Pope Industries Ltd, Kilkenns, S 4 , hand tools 
Commonwealth Government Small Arms Factory, Lithgow, NSW. saws, 

tools*, sessing machines* 
Miller Cvciine Forging Pty I.td , Abbotsford. Vic , tools and knives* 
Comiiionweallh Government, Echiica, Vic . hallliearings 

Commonwealth Engineering Co. Ltd, Granville, N S.W , complete buses*, 
diesel engines 

Taiclox Piecision Engineering Co Ply ltd. South Melbourne, chiming 
spring clocks 

Wesiclov (Aust ) Ptv Ltd , Auburn, Vic , spring clocks and watches* U S 
M B Johns Ltd , Ballarat, Vic , steam valves 
Philips Electrical Industries of Aust, Ply ltd, Finsbury, SA. electrical Holland 

and radio equipment 
Metal Mfrs Ltd, and Standard Telephone dr Cables Ltd , Maribyrnong U K 

Olympic Cables Ltd , Footscray, Vic 
Cable Makers of Australia Ltd, l.iverpool, NSW 

Pyrox Ltd , Carlton. Vic, electrical products*, diesel injection equipment, 
sound and projector equipment. Bosch patents 

R. & C Thomas Bros Pty Ltd, Tottenham, Vic, electric motors Sweden 

Servex Industries Ltd , South Melbourne, electrical appliances 
Joseph Lucas (Aust) Pty Ltd, Carlton, Vic , electrical equipment 
J S. Ryding, .Sandringham, Vic. electric clocks* 
Titik Mfg Co. Ply Ltd, Scnith Melbourne, electnc clocks* 
Meridian (Aust) Pty Ltd , Melbourne, electric clo«a<s* 
Synchronome Electric Co (Aust) Pty /Jd, Brisbane, Q, industrial and 

domestic electrical clocks* 
Pactnc Electric Appliances Ltd, Finsbury, S A., vacuum cleaners and U K 

electnc motors 
Electricity Meter & Allied Industries, Ltd,, Waterloo, NSW. electrical 

equipment, telephones, air conditioners, cutlery, plastics 
Insulators Pty. Ltd., Auljum, Vic . aluminum oxide*, intulatorr 
Overseas Corp, (Aust.) Pty Ltd, Melbourne, stoves, carpet sweepers U K. 
Kelvinator (Aust) Pty. Ltd., Finsbury, S. A, new model tefrigerators U.S. 
Bootes Ltd., Port Melbourne, Vic, motor car and truck asaemUy, and U.K. 

parts manufacture 
Standard Cars Ltd., Melbourne, auto assembly VX. 
General Motors-Holdens Ltd. Port Melbourne, Vic. and WoodvUle, SA., VX 

cars and tracks 

(* Indicates new product not previeutly made in Australia) 

New plant 

Expansion 

$25,600,000 expansion 

Expansion 

Expansion 
New industry 

New industry 
New plant in production 

New plant 

New plant 
New plant 
New plant 

New plant 

New plant 
New plant 

Expansion and new plant 

Expansion 
New products 

New plant 
War plant continuing pro¬ 

duction 
Projected 

Expansion 

New factory 
Expansion 
Expansion 

New factory, not yet m 
production 

New plant in production 
New factory and plant in 

production 
New factory and plant in 

production 
New factory and plant 

being built 
New plant 
Expansion 
Expansion 
New plant 
In production 
In production 

New company 

Expansion 

New factory being built 
Some new facilities 
Expansion 
New plant 
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Ford Motor Co of Australia Ply. Ltd, Geelong and Ballarata, Vic, can US 
and trucks 

Chamberlain Industries Ltd, Welshpool, S A , tractors 

Kelly ir Lewis Ltd , Derwent Park, Tas, Spnngvale and Fuotscray. Vic, 
tractors, laundry equipment 

International Harvester Co Australasia Pty Ltd, Geelong, Vir, tractors, US 
trucks and implements 

Freighters Ltd, Moorabbin, Vic . trailers* and refrigerated vehicles 
Ansett Transport Industries Ltd , Essendoii, Vic . bus bodies 
Repro Ltd, Mclbouine, Vic, and Launceston. Tas. car parts and ac- 

A P.A C Industries Ltd , Finsbury, S A . car parts, accessories, and garage 
equipment 

Rubery Owen er Kemsley (Aust) Ltd, Finsbury. S \ , auto components 
Malcolm Moore Ind I td, Port Mellxiume, earth moving equipment. U K 

handling machinery 
I awton, J A ,ir Sons Ltd , Adelaide, S \ materials handling equipment 
7 utt Bryant Pty I td, Rydalmere, NSW, earth moving equipment and 

material handling etjuipmeni 
Ruston & Hornsby (Aust) Pty Ltd , Port Mellmurne, Vic. earth moving U S -U K 

equipment 
Industrial ingirireriiig I Id , Braybrook, Vic . earth moving equipment If S Lie 
Wtlcolator (Aust ) ltd , Melbourne, thermostatic controls* U S 
Indo-Austral tngineering. Auburn, Vic. textile machinery India 
Myttnn’s Ltd . South Melbourne, Vic . stainless steel lieer barrels* U Ji Pals 
Hard Metals Pty I Id , \uhurn, NSW, carbide tipped tools* U S 
Club Razor Blades Pty Ltd, Auburn, Vic ra«ir blades* US 
Australian Forge & F.ngtneertng Pty Ltd, Lidoomlie NSW. carbide UK 

tipped tools* 
lilbrook, R P, Kensington. S A , motorcycles* 

Lverett Pioduils Ply Ltd , Portland, Vic, hypodorinit ecpiipmi.>1* U K 
Standard Telephones ir Cables Ply Ltd, Sydney. automatic exchange U S 

equipment, rabies 

New plant 

New plant, production in 

New plant 

Proposed manufacture 

Expansion and new plant 
New plant 
New plant 

New plant 

New plant 
New plant 

New plant 
New plant 

New plant 

New plant 
Expansion 
Projected 
New factory projected 
New plant 
New factory 
Expansion 

New plant, production in 
1<)48 

New plant in production 
$6,400,000 plant projected 

TEXTILES 

Courtaulds, S ,ir Co (Aust) Pty I td . fomago. NSW, rayon yam* U K 

Bruck Mills (Aust) Ltd , Wangatatia, Vir, rayon piece goods C anada 
cord 

Burlington Mills (Aust ) I Id . Rutherford. NSW, ravon piece goods U S 

Hollins Mills of Australia Ply ltd, Villawood, NSW, woolen and UK 
cotton fabrics 

Associated Colton Textile Industries, Ltd, Woodville. SA, cotton goods U K 

British Australian Carpet Mfg Co Ltd. Tottenham, Vic. wool carpets UK 
Westminster Carpets Pty , Ltd , Dandenong Vic. carpets of wool and 

rubber* 
Woolrord Fabrics I td , .Seymour. Vic , wool cord upholstery* 
California Productions Ltd , Dalliiirst. NSW. clothing and footwear U S 

New industry to cost 
$16,000,000 

New $3,230,000 plant in 
production 

New $4,300,000 mill in pro 
dnction 

New $1300,000 mill in pro 
ducticm 

New $3,230,000 plant m 
production 

New plant 
New factory 

New factory 
$1,600,000 capital 

MISCELLANEOUS 

Benger-Genatosan Pty Ltd . Sydney, food and medical products U K. 

Australia Paper Mfrs Ltd., paper products 

Australia Pulp and Paper Mills, Ltd, Biimie, Tas 
Australia Newsprint Mills Ltd . Boyer, Tas 
Tasmania Paper ir Timber Mills Ltd. 
Firestone (Aust) Ltd., Finsbury. S A , rubber goods U.S 
Dunlop Rubber (Aust.) Ltd, tires U K. 

Goodyear Tire & Rubber Co, (Aust.) Ltd., Granville, NAW., ures, rayon U.S. 
cord 

$1,600,000 capital, new plant 
projected 

Will spend $16,000,000 in 
four years on new mills 
and extensions 

$3,230,000 expansion by 1950 
$6,400,000 expansion 
$6,400,000 expansion 
$3,230,000 capital 
$6,400,000 expansion and 

transfer oi plant 
Expansion 
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BELGIUM 

Industrial reconstruction in Belgium has involved no 
major changes in the nature of the economy, although 

the government intends to exercise a closer supervision 
over business Its objectives are the nationalization and 

specialization of industrial production, notably in steel 

and textiles The assembly of imported parts in order to 
encourage export of such finished products as motor ve¬ 
hicles will be encouraged Considerable capital invest¬ 

ment IS being expended in the modernization of industry 

and the restoration of agriculture An effort to com- 

|>en$ate for the loss of the German market is being made 

through a reorientation of foreign trade 

During the occupation of Belgium, some 260,000 per¬ 
sons were deported to Germany and other parts of 

Europe The loss of life as a result of the war and oc¬ 

cupation amounted to around 90,000, of which a high 
proportion were skilled workers In 1946 the population 
of Belgium was 8,S45,000 or about 50,000 less than in 

1989 

Belgium suffered relatively little large-scale destruc¬ 
tion of Its manufacturing industries Except for the 

devastated areas of the Ardennes, Liege, and Antwerp, 
destruction mainly affected transportation, the invasion 

route for Europe. Belgium lost nearly 60 per cent of its 

merchant fleet At the time of liberation, the Rhine fleet 

was about 60 per cent of its pre-war size Railroads lost 

47 per cent of their rolling stock and 59 per cent of their 

lotomotives Of 927 bridges, 804 were destroyed or 

damaged 

Industry chiefly suffered during the war from lack of 
maintenance and replacement Recovery after liberation 

was rapid despite shortages of manpower, fuel and raw 

materials Having been liberated in a week, Belgium be¬ 

came a major base for Allied armies. Although Belgium 

received lend-lease from the United States, the goods 
and services supplied to American forces heavily out¬ 

balanced Lend-Lease in value. Since Belgium also aided 

British and Canadian troops, repayment went far to ex¬ 

pand the nation’s foreign exchange reserves. 
By the mid-1947. Belgium's index of industnal pro¬ 

duction had regained the level of 1988 and passed it in 

some manufaauring fields. 

Prices in Belgium, as in most other countries of 
Europe, have soared in the post-war period. The general 

price index stood at 888 in July, 1947, based on 1986- 

38 — 100. Although there have been predictions that in¬ 
flated prices would seriously hamper recovery of foreign 

maritets, trade has continued to expand-steadily. The vol¬ 

ume of trade in the first half of 1947 was just below the 

1936-38 level, and was about three times the pre-war 

vklue. 

Although imporu still exceed exports by a substantial 

margin, Belgium’s problem of balancing payment is less 

serious than for most of its neighbors benuse of the 

hard currendes accunnilated during the dosing months of 

the war arising out of the sale of goods and services to 
the Allies. 

Immediately upon Ubetation, British and American 

missions plac^ laige orders with Belgian factories for 

unk treads, tires, textiles, and iron and steel products 
During the period between liberation and the end of the 

war, the United States provided Belgium with lend- 
lease valued at 114,000,000 dollars, Britain provided aid 
valued at 114,000,000 dollars; and Canada supplied an¬ 
other 22,800,000 dollars In return, reverse lend-lease and 

mutual aid totalled 433,000,000 dollars for a credit in 
hard currencies of 182.500,000 dollars 

Advances to Allied soldiers billeted in Belgium and 

paid in local currencies totalled another 320,000,000 dol¬ 

lars. which has been almost entirely redeemed in foreign 
funds Ihr United States and Canada granted 4,500,000 

dollars in credits for Belgian reconstruction. 

The government acquired 49,000,000 dollars worth of 
equipment from U S surplus military stocks in Europe 
and paid for it with a loan from the Office of the Foreign 

Liquidation Commissioner (US) Argentina granted a 

26,000.000 dollar credit, and Sweden (through a pay¬ 
ments agreement) advanced a credit of 28,000,000 dollars 

Exports in 1946 were valued at 677,000,000 dollars 

while imports amounted to 1,200,000.000 dollars, leaving 
a deficit of 523,000,000 dollars to be made up from for¬ 

eign exchange holdings Estimates of 1947 indicated that 

the gap between the value of exports and imports would 

be reduced by more than 20 per cent to around 400,- 
000,000 dollars 

Coal IS the basis of Belgian industry. The country pos¬ 

sesses few other raw materials and very small hydro- 
electm reserves Industrial activity is keyed to the im¬ 

ports of raw or semi-finished goods The following table 

will give the approximate 1947 production of principal 
industries as based upon 100 as the average production 

before the war 

1947 INDICES OF PRODUCTION 

Cast iron 87 
Crude Steel 88 
Metal products 100 

Cement 95 
Synthetic ammonia 155 

Sulphuric acid 83 
Cotton textiles 145 

Woolen 158 

Rayon , 140 
Leather . . . 75 

Newsprint 100 

BELGIUM STATISTICS 

Employed in industry, 1946 . . . .1J100,000 

Iron and Steel production, 1947. 4400.000 
Estimate in metric tons of the Committee for 

European Economic Cooperation for Belgo- 
Luxembourg 

Railroads (miles). .3.069 
Highways (miles)... .6423 
No of telephones, 1946 . . 379400 
Kwh produced, 1946.. .. .6JM3 million 
Trade, »46: 

Importt ...... ...... ..|l;e00mlllloo 
Expects .. -4677n]lUwk 
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BRAZIL 

Kr.i/il le<Kh the other l^tin Atneriran countries in the 

\.iliic of giHicIs produced, in the number of manufactur¬ 
ing est.iblishments, and in the number of those gainfully 

employed m industry Uy reason of its resources. Brazil 

IS 111 a f.ivorablc position to betomc the most industrial¬ 
ized f)f the Latin American republics. 

Industry is largely located in the states of Sao Paulo 
.snd Rio dc {.iiiciro These two states account for over 

half of the factories in Brazil and represent the largest 
markets for all goods whether imported or manufactured 
locally Approximately 85 per tent of the country is 

industrially unimportant, although there is a scattering 
of plants for siig.ir refining, alcohol manufacture and 
textiles in the northern and northwestern states Brazil's 

industries may be reviewed for seven states which possess 
.ipproxitii.itely ‘10 per cent of the country's hydroelectric 

power, oper.ite oser 85 per tent ol us factories and c(>ii- 
siiiiie over ')() per cent of us manufactured goods 

PRODUC.TION BY STATES 
(I'MO) 

No of Percent 
Stnii't Fattoriet of total 

Sao Paulo 28.329 406 
Ieilci.ll niMiiit 10.207 146 
Mmas (.eraes 6.954 99 

Rio (.ramie do Sul 6.S41 9 I 
lrsi,iil« do Rk) S.069 4 4 

S.mia (.iiharma .1,000 4 3 

IMiaiia 2 800 8 8 
Others 9.826 189 

lotal 70.026 100 0 

III 1920 the tensiis revealed that there were approxi¬ 
mately 1.1.500 industrial plants in the country By 1988 

the number had more than doubled. According to recent 

reports in the lot at press, there are now about 85,000 fac¬ 

tories in Brazil For the most part, these plants are affected 

seriously by the absence of modern equipment and con 

striiction materials. M.iny are operated with obsolete ma¬ 
chinery and are uneconomical, particularly from the 

viewpoint of the poorly paid workmen who have demon 

strated that cheap l.iljor is neither efficient nor inexpen¬ 
sive in a comijctitive market. During World War II, large 

quantities of machinery were shipped to Brazil for utiliz¬ 

ing fully sources of supply both for the country itself 

and for export to the United States and .Allied nations. 

Supplies of machine tools, processing plant equipment 
and machinery for the metallurgical industries shipped 

to Brazil over the last seven years have required a level 

of tedinnlogical development beyond the country’s re 

sources in trained and skilled labor. It must not be over- 

kxAcd that the country is still in a comparatively early 
stage of industrialization. In the moat industrialized areas 

the southern states, a large and uneducated population 

fmttinoes vn depend on primitive agricultural nccupa- 

Atfhoul^ the govemntent is using every means to 

rciiicciy the situation, a high majority of employees with 
only the scantiest of mechanical training are found in 

the factories, mines and construction fields. 

Brazil has suffered from an inadequate supply of high- 

grade coal and oil Beneficiation processes will probably 

make it possible to use native coal for coking in the 
National Steel Mill of Volta Kedonda Unceasing ex¬ 
ploration for oil has been rewarded by the discovery of 

proved oil reserves in the Labato-Jones, Itaparieta, Aratu 
and Candeias fields The oil deposits in the far west have 

never been fullv determined, nor would such a supply 

have immediate access to the markets on the eastern sea¬ 

board 

T he government's policy of restricting the investment 

and operation Of foreign capital in Brazil has recently 
lierome a serious obstacle to the formation of large enter¬ 

prises in the country Much hesitancy has been manifested 
by foreign companies interested in establishing branch 

manufactuling plants in the Brazilian market Further 

more, the present system of exchange control limits the 
disliurscment of dividends outside the country Legisla¬ 

tive restrictions on specific Brazilian industries prohibit 

the initiation or expansion of enterprises involving for¬ 
eign capital 

The outstanding industrial accomplishment in Brazil 

during recent years has been the creation of the Na¬ 

tional .Steel Mill at Volta Redonda Utilizing an Export- 
Impm Bank loan and backed by a subscription of stock 

held Ixoth by the public and the government, Brazil has 

lieen able to finance and construct the largest steel plant 
in South America The country’s per capita consumption 
of iron and steel has been low as compared with other 

countries The price has always remained high and con¬ 

siderable pre-war tonnage was imported from England, 
Belgium and Germany 

The National Steel Mill is located about 90 miles from 
Rio de ]aneiro in the state of Minas Oeraes The plant is 

designed to manufacture coke, pig iron, blooms, billets, 

structural shapes, merchant steel, tin plate, sheets, rails, 
plates, reinforcing bars, etc Coke will be manufactured 

in a battery of 55 ovens connected to a by-product plant. 

Provision was also made for 55 more ovens should con¬ 

ditions warrant their addition Chemical by-products will 

be an important contribution of this phase of the steel 
industry 

Although the Brazilian steel industry was first estab¬ 
lished in Sao Paulo in 1556 when Mateus Nogueria pro¬ 
duced several iron tools from local ores, little was done 

to exploit the tremendous mineral resources of the coun¬ 
try until the last decade The total production of pig 

iron in 1987 was only 98,000 tons, in 1946 the total pro¬ 

duction was 350.000 tons Rolled iron products increased 
from 71 419 tons in 1937 to 180,000 tons m 1946 

Although the National Steel Mill is the most impres¬ 

sive development of the Brazilian metallurgical industry, 

manv of the smtiller industries have kept pace. In the 

fall of 1947 Mineracao do Brazil inaugurated a second 
blast furnace with a capacity of 3,000 tons of pig iron per 

month. Two more blast furnaces with a total capacity of 

4,000 tons a month are also being constructed at their 
fafet Steel Mills in Mc^ das Cruzes, near Sao Paulo. 



MiL-ngili for iiKlu&inal development lies in the 
inimc(li.ite .i\,iil.il>ility of cheap and abundant power. 
RankiUR lourth in hydroelectric resources, the country 
conies III order alter the 11 SS.R, the United States and 
(..iiiad.i With a potential of 10,000.000 kw, the country 
has an installed capacity of only 7S2.000 kw largely con¬ 
centrated in the tndiistrtal State of Sao I’aulo and the 
nietropolilan area of Rio de Janeiro The total installed 
eapatits from all types of plants is 1.232.686 kw from 
approximately 1400 electric plants The State of Sao 
i’aiilo. which 18 the industrial heart of Braril, is charac¬ 
terized hy a tnpographir oddity in that all streams nse 
withm sight of the Atlantic Ocean, flowing westward 
and then south to form the large river systems of the 
'T leie. Paran.iprnama. Igassii, etc and finally joining the 
Riser Plata '1 hrough the engineering genius of an Amer¬ 
ican engineer, several of these ris-ers have been dammed 
to form a network of lakes Water is dropped over the 
Serro do Mar escarpment with a head of 2,415 feet to 
the power stations located between Sao Paulo and the 
port of Santos Brazilian engineers also envision the 
utilization of the tremendous power of the Paulo Aflonso 
Falls in the north If the power of this waterfall could be 

harnessed, together with a series of irrigation projects to 

assure a regular water supply, the Sao Francisco valley 

would become a new and highly productive agricultural 

Souik America's moat modmi hrdi»slaliea opaaed Augiiit, 
IMT. Two qonotaOaq lulls of 14.200 hp Mcli win bo enumelsd 

with the srstom el CempoBbla PouUeta de Forea e Lus. 



LEGEND ^ \ 
• HYORO-ELECTRIC PLANTS \ ‘ 
• TRANSFORMER SUBSTATIONS \ SISTEMAS INTERLKiADOS~*;;?;r;r 

PRESENT 66 KV TRANSMISSION LINES 1 DA /"aRAULO ^ v 
— 66 KV TRANSMISSION LINES UNDER CONSTRUCTION CIA MUUSTA DE FORCA E UJZ ' 
- 33 KV TRANSMISSION LINES E « 
- PRINCIPAL TRANSMISSION LINES,22 KV OR LESS CIAS.SUAS ASSOCIADAS^-^Q^J.^ 

• PLACES SERVED 
LIMITS OF TERRITORY SERVED 
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CANADA 

Economic conditions in Canada in the first two years 
after the war have been characterized by the smoothness 
with which the transition from war to peace has been 

effected. 

Domestic requirements for consumer gimds have been 

high as a result of the deferred demand from the war 

period supported by liquid savings Current demand 
based on disposable personal income has continued to 
rise since the ending of hostilities 

Large-scale reconversion, modernization, and expan¬ 

sion programs of private business have provided a strong 
demand for capital goods. Business concerns, as a whole, 
entered the post war period in a strong and liquid finan¬ 
cial position, while the financial markets have been 
reasonably favorable to them in providing funds for 
their investment programs The relief and rehabilitation 
needs of war-devastated countries have provided an addi¬ 
tional demand for consumers’ and producers' goods and 
hare been made effective, in part, by large loans granted 

to these countries by the Dominion Government in the 
first post-war years By the middle of 1947, Canadian 
dollar loans to war-devastated countries (including the 
United Kingdom) amounted to 1,857.0(K),0(K) dollars 

Credits to the United Kingdom (apart from wartime 
aid and a gift of 1 billion dollars) amounted to 1,250,- 

000,000 dollars 

The re-directing of human and physical resources to 
meet the peace-time demand for goods and services has 
been carried through without serious dislocations War 

workers and war veterans were absorbed into the civilian 
working forte with a volume of unemployment that at 
no time exceeded 6 per cent of the working force and 

which averaged between 2 and 8 per cent in 1947 The 
reconversion of plant and equipment to peacetime use 
was practically completed by mid-1947. During the transi¬ 
tion period, as a result of substantially increased demand, 
shortages of budding materials and equipment were felt 

in spite of continuously rising output in a number of 
industries. Domestic shortages of certain basic materials 

—of which iron, steel, lumber, copper, lead, kinc, and 
nickel are most important-have slowed down the ex¬ 
panded rate of production in a wide range of consumers' 
and producers' goods The tight labor market situation, 
to a lesser degree, has also been a factor limiting produc¬ 
tion Although shortages are a continuing problem, the 
physical volume of production has been rising since the 
last quarter of 1946 

The Canadian system of price controls held the price 
level to a moderate increase from 1940 to 1946. With the 
extensive relaxation of these controls in 1946 and 1947, 
the pnee level has been rising steadily. The general 

wholesale price index was 40 per cent above 1939 at V-J 
Day, most of the increase having occurred before controls 

were imposed in 1941 By mid-1947 the index was 70 per 
cent above the 1989 level 

An outstanding feature of private investment in 
Canada since the end of the war has been the proportion 
of funds going into the conversion, modernization and 
expansion of existing plants and the building and equip¬ 

ping of new facilities Much of this effort is directed 

toward stimulating production in industrial fields where 
Canada is already an important producer, such as in 

the processing of wood and paper products, food prod- 
uas, and non-ferrous metals Closely related to this type 

of investment is an attempted integration of production 
processes In some cases the facilities are used to process 

materials or supplies needed for main commodities, in 
others to use waste material resulting from production In 
many instances, new production units are being estab¬ 

lished to increase the variety of products Thus more 
than 200 commodities now being produced in Canada 
were imported before the war These include various 

types of heavy and light machinery, industrial equip¬ 
ment, new textiles, wood and paper products, and chem- 
tcal and allied products A number of plants, particu¬ 

larly in the chemicals field, have been built to produce 
commodities by recently developed processes The result 

of these post-war developments has been an increased 

capacity to meet domestic and foreign demands for 

Canadian products. 

Portea of ISO am PelyaMt float aamod ta Ibo pwdaeUea 
e< iralhaiie rubbot oad pioMIe loalaa. 
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To facilitate the integration and expanuon of Cana 
dian industrial production, the Department of Recon¬ 

struction 8c Development inaugurated a system of double- 

depreciation for approved projects Under this regulation 
more than 200 million dollars in new industrial capacity 

approved by the government may be amnrtired at twice 
the normal rate. 

Total foreign investment in Canada was estimated in 

1945 at 7 1 billion dollars or about 200 million more than 
in 1939 .Approximately 5 4 billion dollars of the 1945 

foreign investment was of an industrial and commercial 
nature The United States' share was 3 5 billion dollars 

The United kingdom held 1 6 billion dollars and other 
countiies 300 million dollars About 3 1 billions of the 
ftireign funds invested in Canadian industry were in com¬ 

panies controlled outside Canada British investment 
decreased, while American and other foreign investments 

increased during the war years It has been a traditional 
policy of the Canadian government to encourage for¬ 
eign participation in the development of Canadian re¬ 

sources However, sinie 1934 the country has been a con¬ 
sistent net exporter ot capital, although its international 

mvcstnient position is still that of a debtor nation. 

Since the end of the war American firms have greatly 
expanded their C.anadian facilities, using in pan more 

than 200 million dollars of accumulated profits By 1947 
the following new developments had been reported 
Kalamazoo Vegetable Parchment Co will produce sul¬ 

phate at Espanola, Ont, where a 10 million dollar in¬ 

vestment has been made. Marathon Paper Co acquired 

timber rights and will build a 15 million dollar plant, 
Sorg Paper Co is planning a I 5 million dollar mill, St 
Regis Paper Co is building a new paper-bag plant in 

Vancouver, Kimbcrley-Clark Ckirp. will put more than 
15 million dollars in a sulphate mill, expansion of the 

Studebaker, Packard, Nash, Ford, and Chrysler facilities 
IS under way, and Kaiser-Frazer has entered the Cana¬ 
dian market. Fruehauf and Trailmobile, manufacturers 

of trailers, will begin production in Canada, Interna¬ 
tional Harvester is building a new plant at Chatham, 

Ont., and Reo Motor Co, has a new plant at Leaside 

In the field of industrial supply, the following com 

panics are expanding or building facilities in Canada 

Perfex Corp, Penn Electric Switch Co, Ahlberg Bearing 
Co, Continental Can Co, Moore Business Forms, Inc., 

Niagara Garnet Corp, American Can Co, Eagle-Picher 

Co, Canadian General Electric Co, Ltd., General Ani¬ 
line 8c Film Corp, Ray-O-Vac Co., Monsanto (Canada) 

Ltd., Construction Machinery Co, Eddington Canning 
Co., Reynolds International Pen Co, Hannifin Mfg. Co., 

Minneapolis-Honeywell Regulator Co., Union Carbide 8c 

Carbon Co., Canadian Johns-Manville Co., Ltd., Ameri¬ 
can Brake Shoe Co., Merrimac Hat Corp, and McNally 
Pittsburg Mfg. Corp. 

Because many of the larger Canadian business firms 

are branches of United States firms, or are closely asso¬ 

ciated with them, there has been a tendency for Canadian 
industrial research laboratories to concentrate on analy- 

ais and testing and do only a limited amount of field 

davrio^ent vesfk. They depend upon their American 
afidlam ivf major researdt developments. Most pure 

research is conducted in universities and by the National 
Research Council, a federal agency. Other government 
departments engage primarily in applied research aimed 

at developing natural resources During the war, however, 
some industrial laboratories undertook more funda¬ 

mental studies Canada’s research facilities and personnel 
have been expanded considerably in the last five years 

Government expenditure on scientific activity increased 
nearly five fold between 1939 and 194b This represented 
a tripling of non-military research expenditure and a 

1700 per cent increase in funds for military research 
Examples of important research in the war period are 

the development of processes for extracting starch from 
wheat, and of magnesium from dolomite and brudte. 
Canada further peiferied its synthetic rubber processes, 

and worked in tlie field of atomic energy. 
The eionomu ouilwik for industry in 1948 and for 

several years to come is contingent upon developments in 
Canada’s foreign trade Its economy is geared to a high 
level of exports and imports A falling off of exports or 

inability to obtain sufficient quantities of basic imports 

like coal, oil, and metal products can materially lower 
the level of economic activity 

ThiM RWms ■utetattea ei BbowbalgaB Water and ?owh Co. 

With the wotid'a U«ImiI pat capita eeacnapliea of olL Canada 
producM oalr 15 por cant of 111 dMiondi. View to of a lenibbla* 

plaat to mwlr dinlepod flifdi In Alboita. 
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Some latitude now exists for neutralizing a decreased 
demand for exports to one foreign market by redirect¬ 
ing commodities to other markets During and immedi¬ 
ately following the war the Canadian government vastly 
expanded its commercial representation at foreign em¬ 
bassies and legations Efforts are being directed toward 

discovenng Canadian markets for foreign products to 
assure the ability-to-pay on the part of foreign consumers 

The over-all export position, however, will depend on 

whether American aid to Europe is forthcoming on a 
liberal scale during 1948 and the following years as en¬ 
visioned by the Marshall Plan This aid will increase the 

ability of European nations to buy Canadian exports, 

and will also place Canada in a better position from the 
viewpoint of foreign exchange to extend continued aid 

to war-devastated countries Foreign exchange affecu 
Canada's ability to import Traditionally the country has 
sent a large portion of its exports to the United Kingdom 

and has received a large part of its imports from the 
United States With the pound sterling not freely con¬ 
vertible into American dollars, Canada has had to pay for 

us imports from the United States out of a reserve of gold 

and American dollars built up in the war years. At the 

present rate of withdrawal, this reserve will be exhausted 
in 1948 Accordingly, Canada is likely to face a con¬ 

tinuing problem of financing its imports. Improvement 

of the situation will depend on the expansion of multi¬ 

lateral trade, greater convertibility of the pound sterling, 
and perhaps some ad)ustment in the structure of the 
country’s industry For the immediate future, any Ameri¬ 

can aid to Western Europe in 1948 will tend to make the 
problem more manageable by enabling these countries 

to pay at least in part for deliveries from Canada and 

the Latin American countries in hard currency. 

In most respects, the Canadian economy is in a healthy 

condition The principal effect of the war was to ac¬ 

celerate structural changes already developing within 
industry before the war. The period of transition to a 

peacetime basis has, therefore, been more a consolidation 

of gains from the war period than a liquidation of war 
developments without survival value. 

A segment of the Canadian economy particularly 

stimulated during the war were the expon industries. 

Canada’s principal exports are food, wood, and non- 
ferrous products of a raw or semi-processed nature Apart 
from certain food producu of animal origin, most of the 

commodities now being exported in volume were ex¬ 

ported on a large scale before the war and Canada can 

continue to market these on a competitive basis. The 
potential demand for Canada’s principal exports is very 

large, particularly as they constitute basic supplies for 
the relief and rehabilitation of devasuted countries. No 

difficulty will be encountered in disposing of these ex¬ 

ports over the next few years if the world’s current 
foreign exchange difficulties can be alleviated. 

The most importent expansion of Canadian manufac¬ 

turing industries was in metalworking and the chemical 
and Its allied fields. Production and employment in both 

have dropped from wartime hi^, but the reduction 

largely represents the liquidation of war material produc¬ 

tion, such as ships, aircraft, fighting vehicles, guns, and 

munitions. In most other directions, employment and 
producuon in meial and chemical products plants have 
increased Wartime expansion of primary iron and steel 
has been consolidated with a larger and more varied 

production The secondary iron and steel industries are 

also producing or will soon be producing more and 
greater variety of consumers’ goods than before the war, 
including many items not previously made in Canada or 
only produced on a limited scale A similar situation 

exists in the other mrtal-working industries, chemicals, 

and industries which expanded less spectacularly. 

During the war period, Canada's investment in dura¬ 

ble physical assets of a strictly productive nature svas 

estimated at about 4 5 billion dollars. About 3 5 billion 
was for use directly or indirectly in prosecuting the war 

Of this, 1 7 billion was for plant and equipment to make 

munitions It is believed that about two-thirds of the 3.5 

billion dollars outlay will be usable for peacetime pur¬ 
poses Approximately 2 billion dollars more has already 

been expended in the two post-war years in acquiring 
durable physical assets of an industrial nature, with one 

third directed toward manufacturing industries and some 
what less than onc-third to utility industries. 

In the eight years that have elapsed since the start of 

the war there has been a notable increase in Canada’s 
industrial potential In many respects the increase has 

been greater than investment outlays would indicate 

Before the war. Canadian manufacture was concentrated 
<>n the primary processing of goods for export and the 

final processing of consumer goods for domestic con¬ 

sumption A g^ly share of wartime investment repre¬ 
sent^ the acquisition of production facilities in, the 

intermediate sphere of processing As a result, Canadian 

manufacturing industries as a whole, through a better 

integration of facilities, have acquired greater flexibility 
for undertaking alternate types of production, a develop¬ 

ment already evidenced by marked increase in the va¬ 
riety of goods being produced. 

Accompanying the wartime and post-war expansion of 

production facilities, there has been a material change 

in the composition of the working force industrially, oc¬ 

cupationally, and geographically. Against an increase in 

the adult population of around 9 per cent between 1939 

and 1946, the gainfully employed population increased 

about 15 per cent and the employed population close to 
25 per cent As employment in agriculture decreased 

slightly, the increase in the employed population accrued 
entirely to the non-agricultural industries, and mostly to 
manufacturing industries sriiich employed a working 

force 75 per cent larger than before the war and nearly 
as large as agriculture. 

Occupational changes resulting from the industrial 
redistribution of workers materially increased the skilled 

work forces, while the accompanying population diifts 
promoted urbanization and augmented the working 

forces of Ontario and British Columbia at the expense 
of the Maritime Provinces and the prairie regions, ^^Itese 
changes were an acceleration of trends d»i pnv^ed 

before the war attd are not expected to alter in the near 
future. 

An hapmrtant feature of the ifevelopments of thte lint" 
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DATA ON SELECTED IJST OF CANADIAN INDUSTRIES 

1945 

Industry 
No of 

Establish- Number 
Employed 

CsToss Value 
of Prod 

Value of 
Imports^ 

(in U S ly ) 

Value of 
Export^ 

Chemical and allied industries 97S 60,723 478.532,689 79.758.655 111,318,110 
Cement mills and rock products industries 

(non-mctallic mineral prods) 7K9 32,525 405.736,477 265.405,010 59555,035 
Food processing industries (vegetable and 

animal products) 10.332 233,578 2.464.915.882 282.183,425 1517508,567 
Metallurgical and metal working industries 

(iron and non-ferrous metals and their 
products) 2.871 410.069 2.754.694,983 483,579,431 907,635,748 

Electric power generation* 62'> 20,000 283,379.000 100,000 13,000,000 
Pulp and paper industry 109 39,996 398.804.515 7,682.837 300,709,413 
(Other wood and paper industries) 10.54-1 159.377 785.846.205 4Stffn,m 187.331.129 
Textiles and textile products 2,740 158,148 807.722541 196,761522 56,881,105 
Others 692 24.956 154.115.874 228,326.683 377,391,246 

Totals 29.675 1,139.372 8.533.747.861 1,585575.142 3,231,330,353 

■ Bspart and import figurft shmm are values of commodities of type and mot values of products exported or imported by mauiifacturtug 
tudustnes thoum The igpi imports amounted to St 9 billion and exports to ts 3 billion 

' Estimates based on 1944 data 

eight years that has an important bearing on the future 

stability of the country has been a widespread improve¬ 
ment in the financial stability of industry Most busi¬ 

nesses were able to introduce greater flexibility into their 

financial structure by reducing the ratio of fixed charges 
and particularly by reducing debt or offsetting it with 

liquid reserves This is especially significant since it also 

pertains to the farming communities, which were im¬ 
poverished and badly in debt before the war. The accu¬ 

mulation of reserves has enabled many firms to finance 

post-war expansion with their own funds. 

During the war, provincial and municipal govern¬ 

ments were also able to improve their financial status 

from increased revenue, coupled with reduced services 
made necessary by conservation of manpower and ma¬ 

terials These governments, having limited powers of 

taxation, had encountered difficulties during the depres¬ 

sion years because of relief expenditures. Offsetting the 

improvement on the provincial and municipal level has 
been a great increase in federal debt over the war years. 

This does not present as intractable a financial problem 

as do increases in municipal and provincial de^, since 
the federal government has wide powers of taxation and 

is responsible for the monetary and credit policy of the 

country Once federal expenditures return to a peace¬ 
time basis, expenditures by all three levels of government 
should not represent a larger share of gross national ex¬ 

penditure than before the war so long as a high level of 
employment and income continues in Canada. 

Prices and costs had been rising rapidly in 1946 and 

1947, and the upward pressure continued into 1948. While 
the general wholesale price index was 40 per cent above 

the 1939 level at V-J Day, and 70 per ctmc above mid- 
1947, the cost-of-living index had risen 20 per cent and 

95 per cent at comparable dates. Tturee factors are pri¬ 

marily responsible: (a) increased cosu of imports from 
the United States ftdlowing the drof^ng of price control 

there in 1946; (b) disconiinuance of subsidiet paid dor- 

PRINCIPAL MANUFACTURES AND VALUE OF 
PRODUCTION 

(In Millions of f) 

Slaughtering and meat packing J505 
Pulp and paper 399 
Non-ferrous metals (smelting, refining) 356 
Aircraft 879 
Sawmills 231 
Electrical apparatus and supplies 231 
Automobiles 229 
Flour and feed mills 224 

CANADIAN EMPLOYMENT 
1946 

Agriculture 1,185,000 

Mining .. 70.000 

Forestry, fishing, trapping 115,000 

Total Primary ■ Industries 1570,000 

Manufacturing 1540,000 

Transportation, Communications . 345,000 
Construction 225,000 

Trade, finance, insurance. .... 695,000 

Services . . 780,000 

Total Secondary Industries . , 3585.000 

Unemployed. 145.000 

Total Working Eoree. 4500,000 

ing the war and immediate post-war period to maintain 

the price level of key comoi^ties; and (c) inflationary 

pressures built up during the war years while prices and 

wages were controlled. These toms have gatbmed .mo¬ 

mentum as controls have bems eafAd vt diapped, At die, 

end of 1947 there was vety Utde ihdicatioi);^a leveUhig 
off in prices, Htowevet;. ffiere hUl mcists a ohasideimbie 
maiffin for inaWises bef6te.|aj^ appsondh the 
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level. The inflationary pressures, while strong, have not 

disrupted Canada’s economy The degree to which they 

will continue to affect the economy will depend largely 

on prices in the United States and on Canada’s abihty 

to continue purchasing abroad the commodities required 

to supplement domestic production. 

The one really serious problem facing the Canadian 

economy is the balance of international payments. The 

situation deteriorated following the end of the war in 

three respects In the first place, the value of imports in 

1947 was about 3 5 times the 1939 level compared with a 
three-fold increase for exports. Secondly, and more seri¬ 

ous, about four-fifths of the imports are coming from the 
United States, and must be paid for in hard currency, as 
against two-thirds before the war Thirdly, the volume 

of exports to the United Slates is now one-quarter of 

total exports as against more than one-third before the 

war Relatively, Canada now obtains less foreign ex¬ 

change on current account than before the war to pay for 
imports from the United States. Since only a part of 

what IS obtained is convertible into American dollars, 

the difference must be made up through American funds 

left in Canada by tourists, drawing on reserves of gold 

and American currency built up during the war and a 
few minor sources An idea of the unbalance in trade 

may be gleaned from the following commodity imports 

from the United States exceeded exports to that country 
by 735 million dollars in the first nine months of 1947 

At the present rate of withdrawal, the Canadian re¬ 

serve of gold and American currency will probably be 

exhausted sometime in 1948 A number of courses are 

open to the Canadian government to meet the situation, 

but the prcKedure adopted will depend to a large extent 

on the steps taken by the United States government to 

extend aid to Europe Even under the most favorable 

circumstances, problems of foreign exchange will con¬ 

tinue to beset the Canadian economy as long as inter¬ 

national currencies are not freely available 

loward the end of 1947, Ottawa reimposed some 

minor price controls to curb inflationary price trends, 

and tightened the regulations governing the use of 

United .States dollars and the purchase of United States 

products 

GENERAL INDU.Sl RIAL DATA 

No of Industrial Establishments, 
manufacturing only, 1446 30,000 

Average Annual Incomr of Industrial Workmen, 
manufacturing, 1945 $1,650 

Total Capital Invested in All Industry, 
manufacturing only 

1443 $6,300,000,000 
1946 Estimated between $6,500,000,000 

and $7,000,000,000 

lion and Steel Production (tons), 1946 
pig iron 1,405,000 
steel ingots and castings 2,335,000 
Toul 3,740,000 

Miles of railroad 42,000 
Miles of highways (paved and surfaced) 130,000 
Total Kwh produced, 1946 41,603,708,000 
No of Telephones, 1946 1,848,000 

Larvaat of lha Ina and sImI coapaalM is Sissi Coavenr of Caasdo wllh 1,100,000 aal Ions of Inqels cmnucdlr. Its lolBng aalO 
pradaeM Icbvo voololr of bm. reds, shssls. plotss and ll«ht siruetiiicd shopos. 
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CHINA 

Two years after the defeat of Japan war continued tn 
China between the forces of the Central Government 
and the Communists in the northwestern provinces 
Economic conditions in China have been chaotic, despite 
desperate efforts to exert control over prices, production, 

and transport 

At the present time China lacks the administrative 
organiration, financial resources, and coordinated plans 
for orderly recovery Every effort is being exerted to pre¬ 
vent complete disintegration of what remains of the 
country's economic structure Vast foreign financial as¬ 

sistance will be required to put China into a condition 
from whence it can begin the exploitation and develop¬ 
ment of Its full resources And such aid has been, and 

will he, conditioned upon some political settlement with¬ 
out ishich financial aid would be futile and wasted 

The last fifteen years, during which China has had no 

peace, have left tragic marks upon the country’s eco¬ 
nomic resources and population. Runaway inflation, busi¬ 
ness and administrative corruption, stagnation of indus¬ 

try, backward and disorganized agriculture, and com¬ 
pletely disrupted transportation facilities have plagued 

the country The concerted effort of the entire people, 
the government, and the leading foreign powers will be 
required to rescue China from its present predicament 
Thf most urgent need n for peace 

Since the end of the war considerable aid has been pro¬ 
vided China through IINRRA. and by credits made 
available by the United States and Canada The Export- 
Import Bank made a loan of 8S million dollars A Sur¬ 
plus Property credit of 70 million dollars has been 

granted The lend-lease settlement with China provided 
59 million dollars The Canadian government supplied 
73 million dollars 

A basic problem in China is transport. About 17 per 

cent of the rail lines and as much as 50 per cent of the 
locomotives and rolling stock were wrecked or are await¬ 
ing repairs UNRRA has delivered several hundred 
locomotives, several thousand freight cars, and tons of 
rails and ties for repair of trackage. In 1945 China bad 
only 744 miles of railroads actually in operation 

Before the war more than a million tons of shipping 
were engaged in the China trade, of which China owned 
705,000 tons in 1936. Of this shipping service, .577,000 
tons was lost during the war In addition, China lost 
7.450 junks and 30,000 fishing boau. At the end of the 
war only 42,000 tons of shipping was in service. From 
the United States and Britain some 200,000 tons of small 
vessels (only a few of them Over 5,000 tons) had been 

placed in service. The United States agreed to provide 
another 800,000 tons to help build up the merchant ma¬ 
rine to an anticipated 1,500,000 tons estimated to be 
adequate to meet the demands for the time being. 

Of a total length of highways measuring about 65,000 
miles, nearly 70 per cent was partially or completely 
destroyed by military action. The loss of mottw vehicles 
has been estimated at 50,000. The United Stetes and 
UNRRA have replaced more than half this number and 

UNRRA's program included 62,000 tons of road building 
equipment In 1937 China had 24,980 miles of surfaced 
roads with a total of 72.080 miles of roads of all de- 
scnption. 

In 1946 China had an adverse balance of trade 

amounting to about 500 million U.S dollars and was 
imporung about 4 times the amount of its exports 
These figures cover only commercial trade, excluding 
UNRRA deliveries The distribution of China’s imports 
in 1946 among principal categories of supply was as 
follows 70 per cent raw materials, 24 per cent daily 
necessities, 5 3 per tent machinery and equipment, and 
0 7 per cent coal, fuel, pitch, and tar Chaotic conditions 
in China have prevented a recovery of even traditionally 
important commodities, eg, the 1946 export of tung oil 
was estimated at only SO per cent of the pre-war figure 

The government of China estimated the 1947 deficit in 
trade at 380 million U S dollars. 

In China prices had risen by the end of 1946 to 6,000 

times the pre war level This has reduced the real income 
of fixed-salary employees to a fraction of pre-war, with 
lonsequent loss in efficiency rhe shortage of goods, and 
consequent speculation based on scarcities and rising 

prices, has retluced industrial activity to an exceedingly 
low point Exact statistics are either unavailable or un¬ 

reliable 
China fates the serious problem of bringing its inter¬ 

national payments and receipts into reasonable equi¬ 

librium while ftMxl resources, external assets, and ex¬ 
enemy property are still available as buffers The basic 
problem is in part one of international economic rela¬ 
tions There is a desperate need for imports while ex¬ 
ports cannot be supplied There is also the question of 
internal finance, the lack of balance in the budget But 

overriding these difficulties is the need for a reducuon in 
military expenditures occasioned by the continuing civil 
war, and for a strengthening and improving of adminis¬ 

trative organization. 
During the war China’s industrial facilities were 

dtarply expanded, despite the enemy occupation of a 
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vast part ol the country A new industrial has* was 

treated in S/ethw.iii. where S39 new plants were creited 
(inaiiy ol them having been removed fnim the coastal 

area) Most of these industries were war plants but their 

facilities are coiivertable to peacetime piothiction In 
1940 the estiiii.iied v.ihie of output of 1,354 industrial 
plants exceeded 4 billion Chinese dollars, valued at 

about $0 055 1) ,S in 1940 

D \ ON SELECTED 1,TST OF 

C:HINESE lNDlJSrRll'S'-1944 

Capilal- 
No of izalinn 

h\tahli\li (Milhom 

5fetalliirgiral 

Maihiner) 
Metalwork Ml)' 

Elccliical Mfg 
Chemicals 
Textiles 
nothin)? 
FoodsliiHs and 

Bevel a)?cs 

Pi 1111111)? 
Miscellaneous 

•Its VS $) 

13 30 8 
77 103 4 
40 h0 4 
13 27 0 

270 400 8 
213 8699 

16 189 

Ihl 237 3 
25 30 0 

19 15 8 

H ork- 
\taff turn 

421 6,415 
767 3 479 
336 1,317 

96 324 
2,814 10 380 
2 981 22,470 

161 825 

1320 3,527 

366 2,321 
200 826 

much less developed in Slovakia, where at mid-1946 in¬ 
dustrial employment only totalled 156,678, In spite of 
the problems involved in such a large-scale transfer of 

industries and the considerable reduction of the available 
labor force through German deportations, the plan aims 

at surpassing prewar production by 10 per cent. 

Coiiremrated efforts will be centered in the mining, 
smelting, power, chemical, and engineering industries. 

Ihe following target figures have been set for Czech 
industry, to be reached by the end of 1948' 

fntlustry Target 
Compansott 

with 
1931 

Hard coal 16,700.000 metric tons same 
Blown coal 23.900,000 metric tons -fSS per cent 

Pig non 1,400.000 metric tons — 20 per cent 
Steel 2,200.000 metric tons — 5 per cent 

Elertncily 7.400,000.000 Kwh 4-75 per cent 

Railroad cars 15,000 per annum 41000 per cent 

I (Komotives 290 pci annum 4 400percenl 
Trarlors 9 000 per annum 41500 per cent 

I rucks to 600 per annum 4 250 per cent 

PRODUCTION OF PRINCIPAI, 

INDUSTRIES-1946 

• Chmrbr Miiiisiiy of Etonumic Aff.no 

CZECHOSLOVAKIA 

Enemy occupation of Czechoslovakia lasted for six and 

one-half years Battles raged across the country prior to 
liberation and serious damage was inflicted upon key in¬ 
dustrial establishments by Allied bombers The official 
estimate of the damages inflicted by war runs to 11 5 

billion dollars Of this, some 4 billion was due to diim 

physical losses, 770 million to lack of maintenance, while 
the remainder may largely be attributed to the costs of 
occupation and similar causes The figure does not in¬ 
clude German currency manipulations which is estimated 

to have involved a sum of 4 billion dollars 

At the end of hostilities industry was senously dis- 
nipted, transport was at a standstill, and the labor 

market was disorganized Recovery has been rapid and 

the government of Czechoslovakia has outlined a Two- 
Year Plan for reconstruction Difficulties in the way of 
acJiieving the goals of the Plan are chiefly the loss of 
productive labor through the transfer of territory and 

population to the Soviet Union (about 500,000 persons 
in all) and the u-ansference of at least 2 million Sudeten 

Germans. The population is thus reduced by nearly 20 

per cent — to a little more than 12 million Fuel and raw 
material diortages constitute additional handicaps. 

In Czechoslovakia's reconstruction plan the greatest 
emphasis is placed on increased production of capital 
goods and the expansion of the electric power industry. 

It it also intended to alter the pre-war production pat¬ 

ient so that industries will be diifted away from the west¬ 
ern frontier regions and located in Slovakia. Industry is 

Piodurts Volume 

Black Coal -14,163,888 tons 
Brown toal 19,570.604 ■■ 
Caikc 2.183,367 " 
lion Ore 1.118.924 " 
taial (,as 232,800,000 m*. 
Castings 216.196 tons 
Railway Rolling Slock 11,016 units 
Ti at tors 988 " 
Loiomotives 140 " 
Motor vehicles — passenger 3.795 " 

goods 2,498 •• 
Molortyiles 18200 “ 
Biiyclcs 119263 " 
Machine Tools 7250 " 
Sewing machines 31.234 ■' 
Radio receivers 104344 " 
Telephones 40,332 " 
Hollow Glassware 80,484 tons 
Sheet and Plate glass 96328 “ 
Bricks 373221.600 units 
T ties 103,765200 •' 
Paper 149,085 tons 
Cardboard 62,239 " 

In addition, 2,400 tons of nver shipping are to be pro¬ 

duced annually, and 22 million dollars worth of agri¬ 
cultural .machinery. Production of synthetic motor fuels 

IS to be expanded nearly 70 per cent above the present 

level, which is already above pre-war. The output of phos¬ 

phates for agriculture is to reach a total of 400,000 tons, 
compared with pre-war production of 287,000 tons. 

Nitrate production is set for 500,000 tons, compared with 

122,000 tons pre-war. Railway and river transport is to 
be extended and modernized. 
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DAI A ON EMPLOYMENT IN CZECH 
INDUSTRY" 

Industry 

Iron and Metal¬ 
work ing 

lc\tilc< 
Stone and cailh- 

Mining 
Food protesting 
Leather-working 
Chcmirals 
Clothing 
Woodworking 
Class 

End of End of 
mi 1944 

322 5 646 6 
242 1 1718 

927 72 4 
83 0 MCI 8 
61) 8 58 <) 
54 3 509 
51 6 93 5 
50 9 40 4 
45 6 52 3 
37 2 35 7 

t.nd of 
1946 Rank' 

3381 1 
149 0 2 

35 9 b 
1)15 3 
540 5 
307 9 
58 0 4 
34 9 7 
34 3 8 
26 8 10 

In 1946 Czechoslovakia's commercial imports amounted 

to S2I million dollars and exports to 286 million dol¬ 
lars The estimate of 1947 trade, made at mid-year, in¬ 

volved imports of 737 million dollars and exports of 
590 million dollars In December, 1947, Czechoslovakia 
concluded a new one-year trade agreement with the 
Soviet Union involving an exchange of gcxids in each 

direction estimated at alxiut 110 million dollars At the 
time of the agreement, the Czeth government estimated 
that this agreement would cover about 17 per cent of 
(-zech foreign trade. It was also indicated that agree¬ 
ments with the USSR. Poland, Yugoslavia, and Bul¬ 
garia together will govern between SO per cent and S5 

per cent of C/ech trade in 1948 

CZFCHOSI OVARIAN STATISTICS 

lotal, including all 
other industry* 1,197 7 1,526 0 1,0506 

' Lsrril Minittrv oj horrien 7 
^ Lxetudes budditiu trade 
’ /« order of imfortaBCf. 1946 

rtde. Praiiae >947 

The achievement of the goals set by the Government 
will recjuire substantial imports from abroad, for which 
the country needs financial assistance The metal in¬ 
dustry. for instance, will require annual imports of more 
than 1 million tons of iron ore, 30,000 tons of copper, 
20.000 tons of zinc, and smaller quantities of aluminum, 

tin, and nickel The chemical industry will require im 
ports of more than 1 2 million tons of raw materials 

annually 
Trade arrangements since the war, aimed at obtaining 

supplies for industry and domestic consumers, have in¬ 
cluded more than a score of bilateral agreements Also, 

credits from hard currency countries will permit laige 
imports from the United States, the United Kingdom, 
and Sweden. Since the end of the war Crechslovakia has 
obtained 168 million dollars in foreign credits from the 
following sources 

POST-WAR CREDITS 

Mtllions 
Source of Credit of 

dollars 

U, S Surplus Property Credit’ 50 
Export-Import Bank of Washington 22 
United Kingdom Government 20 
British private bank 8 
British Surplus Property Credit 10 
Australian Government l£ 
Canadian Government 19 
Swedish Government 6 
Brazilian Government 20 
Egyptian Government 4 
Mexican Government 4 
Swiss Government’ 2 

• Suspended, mid 1947 
’Arising from s payment agreement 

Recognizing that even these crecLts will fail to meet 
prospective requirements, the Czech Government has re¬ 
quested a loan of 350 million dollars from the Interna¬ 
tional Bank for Reconstruction and Development. 

N'unilici of industrial cslalilishinents 378.000 

Number of (icnple empluvccl in industry, 1917 1,1271107 
lion anil steel proihictiun, 1946 

Pig lion 959.758 metric tons 
Steel ingot 1.672,380 '■ 

Railroads 1937 (miles) 8,650 
Highways. 1917 (miles) 43.700 
Inland walerwass 1937 (miles) 1,190 
Kwh ptodiiied. 1946 5,568 million 
Iiadc, 1946 

Imports $321 million 
Fxports $286 " 

I rrlndtr t'VRWd imforlt which exi reded lommereial 
tmfortx IN r«/ii< Thu fiiinre 11 inrrn Sv the Eeonomics 
Si-rtMiM of the Ifmird Ralioas Oficitl Ctreh sourert set 
commrriial imtorlt at only tsos million 
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DENMARK 

Denmark sufTcred little material destruction during the 

war in comparison with other occupied countries The 
reduction of real assets is estimated at between 5 and 

10 per cent The most important direct loss was the 

destruction of one third of the merchant marine which 
m normal times was the compensating factor in balanc¬ 
ing the country’s deficits m trade Despite destruction ol 

some facilities, the railroad system was in fair condition 
at the end ol the war 

The most sciioiis effects of the occupation resulted 

from the blockade Denmark's economy is based upon 
imports of cattle feed, industrial raw materials and fuel 

The unavailal}ilil)r of these supplies materially rediuccl 
the country's economic activity 

Since the war recovery has been keyc'cl to the requiicd 
imports for the expansion of production and the build 

irig up ol essential stocks Trade has been icsunietl with 

most of Dcniiiaik’s pre-war customcTs. but the loss of 

normal exchange with f.ermany creates a special 
problem 

A significant part of the country's industrial activities 

IS based u]X)n the industrial treatment of various agri- 

ciiltutal products such as the prcKiuction of condensed 
milk, preserved meat, sugar, beer yeast, and liqueurs 
Cooperation between indusity and agriculture has beni‘- 

fited both braiiclic's of trade This interdependence is 
illustrated by the iiiiportance aiiained by the manufac¬ 
turers of machiiiery for the dairy and meat-packing in¬ 

dustries, and food refrigerating plants Danish dairy 
preparations have an important foreign market 

The diesel engine is an important prcKluci of the 

Danish engineering industry The sea-going motor ship 

and the diescl-elertric locomotive constitute part of 
Danish industry’s specialties Many of the large and 

small machinery manufacturing companies have special¬ 

ized for the foreign market Among these may be men¬ 
tioned those making laundry machinery, steam kitchen 

equipment, grinding mills, refuse disposal plants, sheet- 
iron radiators, railway trucks, wcKid and metal working 

machines, mechanical and hydraulic presses, liottling 
equipment, road building machines, candy machines, and 
shoe-making equipment 

Denmark has an important shipbuilding industry, en¬ 
gaged in production of vessels for Danish and foreign 
use, mainly equipped with diesel engines, and other 

Danisli-huilt apparatus Along with the rapid electrifica¬ 
tion in Denmark there has developed a substantial in¬ 

dustry iiianulacturing electrical equipment Cement pro- 
cluciion IS of tna|or importance, and Denmark has won 

a place in world markets Icir its rotary kilns and tube 

nulls 
One ol Denmark s most im|x>rtani exporting industries 

111 normal times is the oil industry, which treats raw 
materials such as copra, soya beans, whale oil, and other 
primaly priMliicts imported from throughout the world 

Within a ycai alter the end of World War II. Danish 
industrial production luacl reached a level almost equal 
to MISH as a tcsiilt of a use in output of about 20 per rent 

to 21 per cent horcign trade has been resumed but Den- 
iii.itk IS confroittecl with a serious long-range problem 
ill Its relations with the rest of the world. Apart from 
iii‘C(liiig large ini|>oils to restart industrial and agricul¬ 

tural production, while unable to export on a com- 
imiisuiaie scale the country fares the problem of high 

prices .ibroad lor the feeclstuffs it needs and low prices 
lor Its export commodities 

During I04(>. Denmark had excess imjiorts of 2.56 mil¬ 

lion dollars, with an estimated income of 83 million 
dollars earned from shipping At mid-year the govern¬ 
ment imposed trade restrictions aimed at reducing im¬ 
ports bs 124 intlliim dollars An effort was made in 1947 

to bring trade moic nearly into balance. Shipping in¬ 
come IS estimated at 74 million dollars and credit bal¬ 
ances with otiic'r countries will be utilized to reduce the 

deficit III intcinational payments At the end of 1946 
Denmark had entered into trade agreements with 14 
countries Spain, Sweden, Belgium, Italy, the Nether¬ 

lands, Norway, f inland, I-ranre, Switzerland, Hungary, 
Portugal the USSR, Czechoslovakia, and Poland. 
These agicements covered trade in each direction 

amounting to nearly 185 million dollars 

from the end of the war until December 31, 1946, 
Denmark had obtained credits from abroad amounting 

to 190 million dollars, exclusive of permissible over¬ 
drafts on accounts with trade-agreement partners The 
United States had granted 20 million, the United King 

doin 140 million, and Sweden 30 million Nearly another 
100 million dollars have become available through trade 

DATA ON .SELECTtD LIST OF DANISH INDUSTRIES-1945 

Stated in terms of 1000 Danish Kroner 
($1 =4 81 Kroner) 

No of 
tjlabluhmenls 

No 
Employed 

Value of 
Prodtirlion 

II Value of 

Chemical and Allied industries 1,326 28.631 729.776 14,478 97.094 

Cement mills and rock products industries 69 1.860 25.780 8.998 1.324 

Food processing Industries . 1,401 32.137 1.587.988 6.50.329 85,805 

MeUltuiglcal and metal working industries 1,185 .53.366 774,196 60,175 93 

dectrie power generation... .. 413 - 323,000 5,500 135,100 
KWH KWH 

Pulp and Papw Industries... 196 6B49 143.573 1.426 77,369 

367 16,775 308,291 4093 121.350 



30 INTERNATIONAL INDUSTRY YEARBOOK 

and payment agreements with other European countries 

Altliough Danisli industry had made a subsuntial 
rcci»\ery fmin the war. the index of animal agricultural 
produce sWhmI at only 88 m June, 1947 (production in 
1035=100) Cheese (288). milk (106) and meat (102) 
were above the 1935 let el, while butter (96), pork (68), 

and eggs (76) were well below that level 

By mid-10-17 industrial production had risen to an 
index figure of 109 (production in 1935=100) Food 
processing (130). leather goods (160), woodworking 
(128) and the iron and metals industry (115) were well 
above the 1935 level, while textiles (99) and clothing 

(69), ceramics (90), and chemicals (91) were below 

During the first half of 1947, imports exceeded exports 
by only 82 5 million dollars, or only half the 1946 rate 
This trend toward equilibrium is expected to continue 

provided Denmark can obtain adequate fuel for industry 
and feedstuffs for farm animals 

DANISH STATISTICS 

Number of imiusliial esiablislimriUs 102,296 

Number of ]»eople employed m industry19-10 634,340 
Railroads, 1916. (miles) 3.021 
I'aved Highways. 1946 (miles) 5,044 

Ku'h piudiircd localh, 1941-45 1,451 million 
imported. 19-l4-4'> 135 “ 

'rclcplumes, 1946 567,000 
Tiadc, 1940 

Im|iuits $590 million 
Exports 336 " 

a I/ll FauisN Own L, Nor’rmbtr, ip46, the 

■t) had reached ijDo/no 
I9}» 

accounting for 60 pier cent of world's output. One lb of 
the highest grade of Egyptian cotton will produce as 
much as 189,000 yd of yarn, while 1 lb of middling 
American cotton will make only about 12,600 yd. During 
the war, Karnak cotton was spun into a yam called 
"400" —which involved producing from 1 lb of cotton 

a yarn 400 x 480 I C, 360.000 yd long 
During die latest year for which statistics are available, 

the Egypuan textile industry consumed the following 

quantities of cotton 

Poplin, zephyr, and voile 360,000 bales 
Knitting 250,000 " 
ITiread 150,000 “ 
Tiies 150,000 “ 
Cotton velvet 40,000 " 
lypewnter rililions 25.000 
Elerlrical appliancc-s 20,000 " 

During the last decade, domestic consumption of cot¬ 
ton by the spinning industry has increased more than 
fourfold (1 kaniar = 99 05 lbs) 

1955 36 
1939- 40 
1940- 41 
1941- 42 
1942- 43 
1943 44 
1944- 45 
1945- 46 

Production of cotton weaving mills in 1946 amounted 

to 204,000,000 meters, compared with 130.000,000 meters 

in 1938. 
Production of wool spinning mills in 1946 amounted 

to 2.000.000 meters, or twice the amount produced in 
1938 

755.000 
854,000 
891.000 
875,000 

1664,000 
1643,000 

VALUE OF PRINCIPAL MANUFACTURES 

Ptoducl 
Milhom 

of 
dollars 

Foodstuffs 304 
Iron and metals 160 
Chemicals and allied products 151 
T exlilcs 64 
Clothing 63 
1 eather 40 
Wood SS 
Stone, Clay and Class 29 

EGYPT 

During the war years, Egypt was a fighung base for 
Allied troops m Africa, the Middle East, and the Medi¬ 
terranean Wartime shortages brought an increase in 
local production of some products usually impxirted. 
But the principal industry in Egypt is still the produc¬ 
tion of cotton, and textile manufacturing is a steadily 
growing factor in the economy. 

Egypt is the foremost producer of long-staple cotton. 
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EGYPTIAN PETROLEUM 
AND MINERAL PRODUCTION 

(In Mtlnc Tom) 

193S m2 mi 

Petroleum 225.786 1.190.R78 1349.473 
Phospates 45B,404 327.470 349374 
Manganese 153.112 8.169 47 
Iron ores 714 7,100 4.056 
Talc 1.251 1374 3368 
Gold 2.162 1,868 3.014 

American trade with Egypt rereivcd a boost early in 

January of this year when the Egyptian and British gov 
ernnients signed an agreement, unlocking some of the 
former’s sterling balance Under the agreement, some of 

this can be converted into dollars This will assist Egypt 

in buying needed American industrial equipment, al¬ 
though there were no signs of a U S loan In all, Egypt 
will he able to use 21 million pounds sterling, of which 

part will be used to purchase 25 million dollars 

FRANCE 

The war and the long occupation left a deep mark 

upon French industry In the period 1<N(M5, some 
150,000 industrial buildings were destroyed or damaged, 

300,000 units of rolling stock were lost or destroyed, a 
large part of the rountry’s port installations and 75 per 

cent of the merchant fleet were wrecked But of equal 
importance were losses sustained by the removal of equip¬ 
ment to Germany and the obsolescctue of machines 

Stocks of goods were reduced to nil, the labor force 

dispersed, and domestic commerce disrupted Prices 
soared, despite attempts at regulation, from an index of 

100 in 1938 to 375 in 1945 

Dam on Ow Uppor Bhea* will be Europa'a aoeoad 
lat«Ml and rival Dnapraobor la powoi euipuL 11 la iba Srst 
oi a aariaa oi 20 proKscIsd powar planta to pioduea 10 bllUoa 

At the end of the war, France was faced with the prob¬ 
lems of meeting current needs, fulfilling an accumulated 

demand of five years of austerity, and trying to recon¬ 

struct the instruments of production The first job was 
to get industry started Within a few months trans¬ 

port had been re-established and with it the movement 
of goods Recovery was less satisfactory in the production 

of primary materials These required an ample supply of 
jKiwer, which depended upon an increase m coal pro¬ 
duction The output of coal rose from 35 million metric 

tons in 1945 to 50 million tons in 1946-a figure com¬ 
parable to the 1938 level Despite this, during the severe 

winter of 194b-47 many plants were closed for several 

days each week because of fuel shortages Lack of fuel 
attected evoiy blanch of industry, and required a careful 
.illcMatioii of supplies 

France also fates another problem in the loss of man- 

powei \ shortage of skilled workers needed for recon- 
sinirtion tasks has been particularly acute Employment 
in .Klmmistr.itive and service jobs has grown, depriving 

industry ol sujiervisory and spccialired workmen The 
loss ol piiviners of war aggravated a situation which the 
lengthened woik week of 48 hours has failed to ameliorate 

Finallv. industry has been so impoverished by war that 
II lacks funds for expansion and replacement Financial 
aid has become increasingly difficult to obtain Because 

of the increasing needs of the state, banks arc unable to 
s.«iis(y the needs of private enterprises 

T he role of the state has been particularly important 

in the post war development of the Trench economy 
4t the outset, the government assumed responsibility for 
examining the needs of industry, regulating the flow of 
materials and keeping an eye upon their disposition. 

Then, when it became apparent that this picce-mcal solu¬ 
tion really called for an overall plan, the government 
assumed virtual three tion of the economy, fixing for each 

branch of industry the level of its output, prices, dis- 
tribuuon and stocks Strict regulations were imposed gov¬ 
erning the use of manpower Finally, under the influence 

of sixialistit ideas, the state took over some industries, 
nationalired the NortI and Pas de Calais es>al mines, elec¬ 
tricity, banks and insurance, and assumed strict control 

in various other economic sectors 

This system of controls was not established without 
Its effect u|)on private initiative Regulations and red 
taj>e multiplied, and controls of all kinds tended to 

hamyier private business. Although vigorous intervention 
by government was generally recognized as essential in 
the early post-war period, many businessmen felt that the 
trend was carried too far, with a detrimental effect upon 

recovery 

At the same time, the financial jxisition of the nation 

was difficult The fiscal capacity of the country was being 
strained, and equilibrium was only maintained by re¬ 
course to currency expansion A major factor in the in¬ 

flationary situation was the imbalance between various 

elements in the economy The price of farm products had 
risen 12 times above 1938, wages had increased eightfold, 

while the price of industrial products, under stria con- 

aol, had risen only sevenfold. This disparity in prices 
constitutes a great menace to the nation’s equilibrium. 



Late in January of this year announcement was made 
of the devaluation of the French franc, to bring it in line 
with the black market rate in "hard currencies.” Under 
this plan, as approved by the Finance Ministry, visitors 
and tourists will be able to obtain the free market rate 
(315 frances to the dollar m January, 1947), instead of 

the previously fixed rate of 119 francs to the dollar The 
plan also calls for an "export franc” pegged at 216 to the 
dollar It is hoped that this will permit French exporters 
to sell their goods in hard tuirency areas The overall 
plan aims at eliminating the black market in currency, 

fimneliiig it back into legal channels. 
Although Frame traditionally has been open to for¬ 

eign commerce, it lacks exchange resources and has had 
to place Its trade under strict regulation. Imports have 
been rcstrit ted since the war, and exports have been in- 
siiiiident to pay for the goods needed for reconstruction. 

However, the measure of recovery which has been 
achieved in the two years since the war has been con¬ 

siderable In the following table are some figures which 

depict the trend 

t9JS 1945 

Rale Rased 
an First 

6 Months 
mi 

Electricity (millions 
of kwh) U547 1.464 2,126 

Coal (thousand met¬ 
ric tons) .3.875 2,780 4,013 

Steel (thousand 
metric ions) 518 158 483 

Aluminum (thous¬ 
and metric tons) 42 58 6 

Sulphuric And 
(thousand metric 
tons) 106 23 90 

Automobiles (units) 1.5.200 130 6,416 
Carloadings 1248.938 508262 1,056,440 

On the basis of these figures it can be seen that France 
will soon have reached a level of activity parallel to pre¬ 
war. But this eventuality cannot be envisaged without 
satislying certain preliminary conditions. The basic need 

IS still an expansion of present productive facilities and 
the regulation of their use 

The reconstruction and modernization of plants are 
prerequisites to the rapid achievement of goals which 
have been set for industry But even these are subject to 
an over-riding condition; obtaining the materials for 
production, both primary products and machine tools. 
France cannot fully exploit its resources until power pro¬ 
duction has been rais^ This requires further imports 
for which the nation lacks funds Therefore, the ultimate 
condition fur French reconstruction lies in obtaining 
credits abroad. 

A shortage of manpower imposes the task of using 
available workers to best advantage, by increasing their 

skill and supplying them with the machines needed to 
augment productivity. France’s technological level must 
be raised. While it may become necessary for the sute to 

regulate the manufacturing economy, it must not over¬ 
look the contribution which can be made by private 
business French industry greatly needs modernization 
and Its cost will come high. It is necessary to diversify 

production in some industries, to increase spedalintion 
in others, and to improve tedutiques in all of them. 
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to govanuBeat eponaored but prlvolalr owned. Work bagw 
tba dam bi 19S4 was deaboved In 1940. Piollte bom Ibo 
oi powei ora tolanded to teverl to Rbone VoUer developm 
With (be eovommant owning a logo aboie of atock in 
pralaet, U to Hkalr dial It will bacoma nollenaltoad on 

aesanlial port oi Iba eouattr's stoeMeoS sratom. 

it
h

ll
 



WORLD INDUSTRY 33 



34 INTERNATIONAL INDUSTRY YEARBOOK 

Although the present level of production presages 
future ad\antes, the acquisition of new equipment and 
the introduction of modern techniques will contribute 

substantially to the success of reconstruction Attiially 
the problem of prices is now more important than the 
plan A solid (urrency and a balanced budget are neces¬ 
sary conditions of financial stability needed as a solid 
founclation for tlie production machinciy 

The resolution of political difficulties must also have 
an important bearing on the future economic progress 

of France. 

A beginning has meanwhile been made by the govern¬ 

ment to determine the successive steps required to restore 
the economy This has been elaborated in the Plan for 
Moderntzation and Re-equipmrnt drawn up by a group 

headed by Je.in Monnet It sets forth the goals for pro¬ 

duction to be achieved by 1950 

The Moiinet Plan calls for extensive development of 
the nation's basic resources In the expansion of elec¬ 

trical production, hydraulic resources will be given pri¬ 
mary emphasis The plan envisages expansion of hydro- 

power from 13 billu'in kw in 1946 to 23 billion kw in 

1951 The major projects will include* 

(a) Geniiuat, on the Rhone, between Geneval and 

Lyon Five 65,0(M) kw units are to be installed, 

with an eventual production of 1,540 million kwh 
a year The first units will be in service in 1948, 
anti the remainder in 1949 and 1950 

(b) Dontere-Montdragon, on the Lower Rhone First 

work on this project has begun and it is expected 
to be in operation in 1951, with final completion 
scheduled for 1953 

(<) Ottmanhetm, where 4 units of .36,000 kw capacity 

will be installed to produce 9(M) million kwh This 

project IS to be completed between 1952 and 1958 

In the table below the principal projects which form a 

part of the Monnet Plan for expanding power produc¬ 
tion are listed' 

Thermo-electric capacity is also being developed Sev¬ 
eral thermal stations with 100,000 kw units are in the 
process of construction 

(a) GennevtUiers, two units (1 American and 1 
French), to be in service 1948, '49 

(b) Carling, two units, to be in service 1950, '52 

(c) Moselle, one unit, to be in service 1952 

Other sutions will be equipped with 40,000 kw and 

50,000 kw units Capacity to be installed between 1947 
and 1953 will be in excess of 2 million kwh Of particular 

interest is the station which will power the electric fur¬ 
naces of steel mills in the Longwy basin. 

The most important projects in the iron and steel in¬ 
dustry will be the installation of two continuous 66 in 

strip mills 

FRLNCH STATISTICS 

Number of Pinotn Emplmed oi Industry, 
/0/6 

Ntimhei of ludusinal Establishments, 1916 
dverage Annual Income of Industrial Work- 

trs, 19-16 

"“"■lude'fam 

Iron and Steel Piodurtion 
Crude steel, 1938 

1946 
First 6 mos 1947 

Milts of Railroads, 1946 
Miles of Highways, 1919 

National 
Dcjiartmental 
I oial 

Millions of kwh Consumed 
First 6 iiius 1938 
First G mos 1946 
First 6 mos 1947 

6,221,000 metric tons 
4,408,000 '■ 
2,897,000 " 

38,016 

50,000 
158,000 
185,000 

10,818 
7,131 

Number of lelephonr, 1946 (A T 3e T 
data) 1,879,500 

Foreign Trade, 1946 47 
IncMnia trade with French cahmes 

Iro jiorts |1,950 million 
Exports 845 

First 6 mos 1947 
Imjmrts 1,389 " 
Exports 889 

HYDRO-ELECTRIC PROJECTS UNDER MONNET PLAN 

Number of 
Unsls (1000 kw) 

Annual kwh 
(Mtlltons) 

Date to be 
in Servtee 

L'Aigle 3 150 500 1947,'48,'49 
Genissait 5 385 1,540 1948,'49,'SO 
Chastang 2 170 500 1950 
Le Poiiget 3 180 300 1950, '91 
Passy 4 98 285 1950,'SI,'58 
Brevieres 3 96 160 1951, '58 
Malgovert 4 320 340 1951,'58,'53 
Rosetend 4 860 300 1958, '53 
Aiguebelle , ,, 3 no 480 1958 
Bort 8 ISO 180 1951. '58 
Cap de Long 3 195 SSO 1951,'58 
Ottmarsheim ,, . . 4 144 900 1958,'53 
Doniere 4 180 LS50 1951,'58, *58 
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PRINCIPAL GOAlJ» OF FRANCES FOUR-YEAR PLAN 
-1947-50 

0>al and Lignite (million metiit ions) 
Elcclricit> (hillion kwh) 
Steel (million metric tons) 
Cement (million metric tons) 
Traitors (thotisancis) 
Cultivators (thousands) 
Refined Fuels (million metru tons) 
I extiles Caitton 1 bread (1000 metiic tons) 

Uax rhtead “ 
Wool Thread 
Rayon 1 bread " 

1929 

Ts 
144 
17 

- 1 

24fi 

117 

I91S 

~47r. 
1!06 
(i2 
48 

27 

220 
2S 

lot) 

194f 1916 

' W 1 si) 
10 I 23 5 
15 42 
1 5 3 

( 
‘3 I 15 
06 28 

62 5 150 
7 7 18 

56 no 

1941 1918 

"5^ 
26 so 

7 9 
6 8 

123 
6 
19 

220 
28 

120 
Sb 

1919 J9S0 

62 65 
33 37 
10 11 
115 13 5 

16 
8 1 

- 280 
42 

140 
46 

(a) At Nortl a Deiiain, being equipped by the United 

States hrtns United Ingineering and Wtsting- 

house, to be 111 service in 1949 
(b) At Havange, distussion of which is now under 

way 

In the field of ineilianiial industnes. a 36.000 ton light- 

nietal null ts being built with American equipment at the 

d'hsoire works 1 o satisfy the important needs of agti- 
rulture. a tractor plant of 50 000 unit lapaiity (bv 1950) 

is being creited Ai pnsent. the only source ol prtKiuc- 

iion IS ihe natioiialired Renault plant with an output of 
500 units a month 

In the chemiiais field, several important developments 

are under way Ihe priKluition of nitrogen will be raised 

to 550,000 tons by 1951, as against the present level of 
less than 2(K),000 tons 

A plant lor the extraction of magnesium from sea 
water is to be built at Ponteau with rapatity of 40,000 

FRENCH INDUSTRIAL PRODUC'l ION 
1946 

(Hollar figura based on t \rliangf $1 = 120 francs) 

Value of Value of 
Number of Numbei Exports' Imports' 

Number of Workers attd of (InMilltom (In Mtllious 
Industry Establishments Employees Contems V S Hollars) Vi> Hollars) 

Mines 
Cual 
Others 

Gas 
Liquid Fuels 
t,lertricity 
Metallurfy 
Metal Working 
Mechanical and F.lec Industries 

Automobiles 
Railroad Equip 
Elec Const 
Other Mech Industries 

Chemical Industries 
Rubber 
Glass 
Pharmaceuticals 

Construction Mat 
Lime & Cement 
Stone . 
Ceramics 

Foods , 
Textiles 

Fabrics 
Qothing 

Paper, etc 
Others . 
Taldt . . . 

• 351.000 414 
110 32.000 46 
• 40,000 110 
II a 30.000 396 
• 70,000 242 
200 142„35t) 280 

2/550 142,400 374 

570 162.000 437 
83 45/)00 

1,132 158,000 
n a 700,000 - 
n a. 121.000 480 
270 .53,000 183 

1.100 33.500 67 
1.900 23,000 n a 
4,300 1.38,000 255 

420 20,000 61 
n a 64,000 107 

1,920 .54.000 87 
1,200 485 000 794 

14.000 53ZJOOO 1540 
58,000 208500 430 

290 71,000 183 

500500 6.970 

10 94 
45 7 

I a n a 
2 123 
- 6 
12 114 

34 41 

38 103 
4 24 
7 2 
7 4 

II IS 

141 32 

116 268 
8 10 
9 53 

62 82 
566 1,519 
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PRINCIPAL INDUSTRIES AND VALUE OF 
PRODUCTION - 1946 

Millions $ 
1946 

Textiles 1,540 

Food Processing 794 

Chemicals 480 

Automobiles 437 
Clothing 430 

Coal Mining 414 
Liquid fuels 316 

Electrical Produits 384 
Metal Working 374 
Leather 342 
Production of Metals 280 
Electricity (242) 

OCCUPATIONAL DATA- 1938. 1947 AND 

1950 (PLAN) 

19)8 
(Thousands) 

1947 19)0 

Coal Mining 260 _ 312 
Iron and Steel 160 140 170 
Automohiles 121 100 128 
Construction Materials 69 94 110 
Textiles 720 560 665 
Building and Public Works 960 1,050 1540 
Agriculture 7,140 6.600 6550 

tons a year — enough to cover the country’s needs, while 
allocating a part of production for export 

'IVo wood processing plants are being built in Landes 
and Strasbourg with material obtained trom Germany 
as reparations 

In addition to striving for increased production of coal 
from existing fields, the important reserves of Lorraine, 

which are readily susceptible to mechanization, are being 
exploited. At Faulquemont and Saint-Avold, where an 
expansion program was under way when the war started, 

facilities were sabotaged by the Germans and have not 
been restored Their tapacity is 18,000 tons daily. 

New pits at the Loire field have been equipped since 
the war In the lignite field of Bouches du Rhone, new 

pits are being put into service 

In the modernization of French industry, various for¬ 
eign firms will play an important role Standard Oil, 
Royal Dutch Shell, and Vacuum Oil are assisting the oil 
industry The Ford Motor Co is expanding facilities for 

the production of motor cars Dunlop and Goodrich are 
helping to expand tire production. Belgium and Luxem¬ 
bourg are helping with reconstruction of the iron and 

steel industry. ITie firms of Sulzer-Singer, Kennedy, 
Thomson and others are undertaking projects to boost 
the output of electrical products and other manufactures. 
Massey-Hairis and International Harvester are expand¬ 
ing production of farm machinery. Solvay and Ciba will 
aid in raising the chemical output. And production of 
shoes will be expanded by Bata and Bally. 

GREAT BRITAIN 

Industrial expansion in Britain since the war has been 
almost exclusively concentrated in Government-spon¬ 

sored development areas. There are six such areas which 

in the year before the war were known as Special (or 
Depressed) Areas, experiencing heavy and prolonged un¬ 

employment. Under the Distribution of Industry Act, 
1945, the Government was empowered to develop cer¬ 
tain specified areas and secure a balanced distribution of 

industry over the whole country The Government not 

only acquires the land for such development but is 

authorized to prepare sites for factories, to erect build¬ 

ings and to house key workers Factories are leased or 
sold to the occupants 

Since the war it has been compulsory to notify the 
Government of all industrial projects, and permission to 

build factories is granted only after careful consideration 
has been given to possible location in one of the Develop¬ 

ment Areas Accordingly, under this policy many of the 

new projects are being Irxatecl in these areas 

Ofiicial figures given by the Government on June 
19, 1947. covering the pericxl from July SI, 1945, to 
April HO. 1947 revealed that the number of new 

factories and extensions (more than 5,000 $q ft) ap¬ 

proved in Great Britain was 2.48S, of which 770 were 

in the Development Areas It was estimated that when all 
these factories were in full jirocluction they would em¬ 

ploy 289,180 workers, of which more than half (151,700) 

would be in the Development Areas In the Develop¬ 
ment .Areas 138 factories had been completed, and 461 
were in course of erection 

I'he number of Government owned factories (includ¬ 

ing former Royal Ordnance Factories) allocated for 
civilian production totalled 269, of which 56 were in the 

Development Areas In 12 Government-financed, and 26 

privately-financed factories in the North East Develop¬ 
ment Area, actual production has now begun In the 

same area 22 Government-financed and 25 privately- 
financed factory schemes are now under construction 

(Details of location, name of firm, area occupied and 

products arc available from "The Development Areas 
Today.” H M Stationery Office, 1947.) 

One of the most imjxirtant of the Special Areas proj¬ 
ects IS that of Imperial Chemical Industries Ltd. in Tee- 

side in the Northeast Area, for the extension of their 

chemical products capacity. At the end of ten to fifteen 
years they expect to absorb 10,000 workers. One of the 
largest privately-financed schemes completed since the 
war in this Area is the new factory for De La Rue Insula¬ 

tion Ltd, makers of laminated plastic board for heavy 
electrical industries, railway wagons, housing. O. & M. 

Kleeman, Ltd, makers of plastic fancy goods, employ 
1.000 workers; in another factory Smart & Brown (Engi¬ 
neers) Ltd. make household electrical components, em¬ 

ploying 660 workers. Prices Taylors Ltd are expanding 
and expect to employ 1,000 workers at each of ditce new 

factories in the area. Siemens Bros 8c Ca Ltd. aim to 

produce industrial electric U^t fittings and automatic 
telephone exchange equipment in a factory to employ 
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1,450 men, and are transferring the whole of their dry 
battery production at Woolwich to another factory where 

they are already employing 900 workers Pawns and 

Baldwins Ltd intend to center all their knitting wool 

production at Darlington with employment at somewhere 
between the 1,000-2,000 level. 

In general the types of production which will go this 

area include 51 clothing firms, 76 engineering firms, 62 

electrical and metal goods manufacturers, 21 textile 

makers and 15 plastic firms with individual factories for 

tobacco, furniture, chemicals and paper converting 

In the West Cumberland Area 9 factories have been 

completed and production commenced giving employ 

ment for 1,550 workers, and a further 24 projects have 
been approved, work having commenced on 14 The 

largest projects by space occupied are those of The Dis- 
tington Engineering Co Ltd at Workington for the 

manufacture of mining machinery and steel castings, M 

Hackney & Co at Aspatria, for furniture and bedding 

(both occupying 104,800 sq ft) Among the building 

schemes not yet started is one for A S P Chemicals I.td 
at Workington to cover 120,000 sq ft for the manufacture 

of chemicals 

The Distington Engineering Co have taken over a 

former Government munition factory and are making 

iron castings for the steel trade at the rate of 800 tons 
a week They are extending their output in an ingot 

mould factory, a steel factory, a pattern shop and engi¬ 
neering works for the manufacture of mining equipment 

under IJ ,S patents More than 800 men are now em¬ 

ployed The peak employment will be about 1,500 

High Duty Alloys Ltd, new to the Area during war¬ 

time have switched from aircraft components to alu¬ 
minium houses and in the foundry are turning out 550 

tons of alloy billets per week for all purposes They now 

employ 1,200 workers When full production is reached 
employment will total 1,600 workers 

A big undertaking in its early stages is the conversion 

of a Royal Ordnance Factory at Sellafield into a large 

rayon producing unit for Courtaulds Ltd which will 

eventually employ 2,500 workers The British Bata Shoe 
Co. Ltd. employ 400 workers in an ex wartime factory 

at Maryport. 

In South Wales 25 new factories have been completed, 
and 107 new lactones and extensions are under construc¬ 
tion for known occupants In addition, 34 factones are 

under construction for industry Of the Government- 
financed schemes 21 have been completed and employ 

about 2,400 workers in a wide variety of industries 
Similarly 10 privately-financed schemes have been com¬ 

pleted. Of the 259 s^emes approved, work has already 

begun on all except about a dozen of the schemes occupy¬ 
ing more than 30,000 sq ft. 

A large Royal Ordnance Factory at Bridgend and 

Hirwaun have been converted into industrial estates 

The former, one of the largest wartime Royal Ordnance 

Factories (a shell filling factory) is now occupied by 74 
out of the SO firms who have been allotted 7M,000 sq ft 

of space. At the small Royal Ordnance Factory at Hir- 

Waun 26 of the 30 firms allotted space are now in 

^odoctum. 

The chief of the trading estates in the ScoUtsh Area 
IS at Billington covering 370 acres Pre-war there were 90 

factories here Today 60 further projects are being de¬ 

veloped In the whole area, of the 356 major schemes ap¬ 

proved, 61 new factories have been completed and pro¬ 
duction comnieiiced. More than half (181) have been 

financed by the Governmenl Some 36 firms too have 
been allotted space in Government-owned war factories, 

and 19 of them are in production. In the completed 

schemes employment is now being given to about 2,750 

people 

Among the approved schemes are 89 projects which 

will ultimately employ 33,800 people The largest of the 

completed scliemes is the National Cash Register Co. 
occuping an area of approximately 120,000 sq ft at Dun¬ 
dee which has been in production for nearly twelve 

months Employment is now being given to some 600 

workers and it is expected that when further extensions 

are completed (adding another 175,000 sq ft) and pro¬ 

duction IS in full swing some 1,500 people will be em¬ 

ployed 

Among the approved projects there are many much 
larger schemes, wimc of them double the size of the Na¬ 

tional Cash Register C/i These include 300,000 sq ft fac¬ 

tory of Associated British Oil Engines Ltd for the manu¬ 

facture of industrial engines at Winshaw, the 311,000 
sq It factory for Colvilles Ltd at Motherwell for the pro¬ 

duction of steel ingots, the 301,600 sq ft factory for Vac- 
tric Ltd at Newhouse for electrical equipment, the 

270,000 sej ft factory of Boots Pure Drug Co Ltd at 

Airdry for medical supplies and two schemes for cigarette 

manufacture, one covering 482,000 sq ft at Glasgow for 
the Imperial Tobacco Co and the other covering 210,000 

sq ft at Larkhall for the same company In all to date 

there are 22 schemes among the approved projects which 
will occupy more than 100,000 sq ft 

Other large factory and industrial development 

schemes A modernization and development program 
for iron and steel drawn up in 1945 and submitted in 

outline to the Government called for an expenditure of 
675 million dollars at prices then prevailing The scheme 

has now been revalued at something in excess of 800 mil¬ 

lion dollars on the basis of a 20 per cent increase in costs 
in the last three years About two-thirds of the plan has 

been worked out in detail and to date schemes valued at 
500 million dollars have been approved by the Govern¬ 

ment, work having started on schemes totalling about 350 

million dollars The schemes involved were to be started 
over a five-year period and completed in seven and a half 

years Most of the major schemes will take approximately 

three years to complete Among the main schemes al¬ 

ready approved is the new steel works at Margam, South 

Wales, for the Steel Co of Wales at a cost of 200 million 
dollars It will have furnace output sufficient for the new 

continuous strip mill which will produce approximately 

1 million tons a year of mild coiled strip as a basis tot 
continuous cold rolling into tin plate and sheet The 

first new blast furnace in connection with this plant is 
already in operation. Site preparation work is proceed¬ 

ing on the remainder of the scheme. A universal beam 

mill is to be incorporated in the new steel works of Dor- 
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m*n Ijjng for the manufacture of broad flange beams on 
a site between Rcdcar and Cleveland in Durham The 
capacity of the beam mill will be 375,000 ingot tons a 
year Extensions have been approved to the steel melting 

shop of John Lysaght & Co Ltd at Normanby Park, 
Lincolnshire, together with the laying down of a modem 
(ontinuous billet mill with 450,000 tons (billets) capacity 

per annum Considerable progress has already been made 
and expanding prfKluction ready for the new mill 

At the new melting shop at the Appleby-Frodingham 
Works of the United Steel Co in Lincolnshire construc¬ 

tion IS well adv'anced and it will probably be in operation 

by the end of 1947 The Round Oak Steel Works of 

Birniinghani are being rebuilt and enlarged to replace 
two obsolete melting shops by a modern shop by a total 
capacity increased to 250,000 ingot tonnage per annum 

Ihis nioderni/ation. based essentially on strap arising in 

the Birmingham Area has been started. 

Approval has been given but work not yet commenced 
on the expansion of production by Stewarts and IJoyds 

at (kirby, Northamptonshire for the expansion of pro¬ 

duction by more than 700,000 tons of steel (mainly basic 
bessemer quality). 

Tn the blast furnaces, st hemes have been submitted for 

an increased capacity of 2,775,000 tons and those ap¬ 

proved include the extensions in connection with the 

Margam Steel Works, Lysaght & Co of Lincolnshire, 

two new blast furnaces at the Appleby-Frodingham 
Works to replace smaller units, two furnaces at Consett 

on the North East coast, another at the Clyde Iron Works 
in Scotland and developments at Colby 

In lighter rolling mills, schemes have been approved 

for new bar and rod mill integrated with tlie continuous 
billet mill at Lysaghts, Lincolnshire, for further strip 

production at Stewarts & l.loyds, Colby, and a rod mill 
at Richard Johnson & Nephew at Manchester A new 

window section mill at Darlington (for Darlington .Simp¬ 
son Rolling Mills) is coming into production. 

Plans have been announced for the extension of the 
Sheffield works of Firth-Vickers Stainless Steel Ltd., a 
joint subsidiary of Thomas F. and John Brown and the 
English Steel Corporation, including the erection of a 

new cold rolling sheet mill The capital of the Company 

has been increased by 7 7 million dollars to finance this 
development. 

Side by side with these expansion schemes, arrange¬ 
ments have been made to convert approximately one- 
third of British steel furnace capacity at present using 
producer coal to the use of liquid fuel. The changing 

over of this high proportion of plant may save up to 

about 1,800,000 tons of coal per annum, or approxi¬ 
mately 10 per cent of the overall coal required in these 
processes. 

In the glass industry a new sheet glass tank has been 

built at a cost of 2 million dollars by Pilkington Bros., 

Ltd., at St Helens, Lancashire It commenced production 
in January 1947 and is part of the firm’s five-year plan 
which will increase the labour force from 1,800 to 12,400 
workers 

To support the increasing needs of industry and do¬ 

mestic consumers the Central Electricity Board has plans 

for 14 new power stations for the years 1951-52, involving 
an expenditure of nearly 760 million dollars, with an 

output of 3 9 million kwh by the winter of 1952 At 
present work is in progress on earlier extension schemes 

which provide for 17 new generating stations with output 
of 6 million kwh by the winter of 1950. 

North of Scotland Hydro Flettric Power contracts to¬ 
talling more than 50 million dollars have recently been 

plated by the North of .Scotland Hydro Electric Board as 

part of their hydro-eletiiii development program cover¬ 
ing 10 to 15 years, at an original total estimated tost of 

260 million dollais, now likely to be much exceeded The 
capacity of the hydro electric generating plant ordered 

totals more than 374.000 kwh together with diesel gen¬ 

erating sets with a total capacity of 17,500 kwh The main 
projects include Loth Sloy Dam and Generating Station 

(tajiacity 130.000 kwh), the river Frrochty dam and sta¬ 

tion (capacity 75,000 kwh), the Cliinic station (57,000 
kwh), the Pitlochry clam station (16,000 kwh), the 

Fannieli catchment scheme and station with 24,000 kwh 

capacity; and seven distribution schemes serving 141 
towns, villages and hamlets including the connection at 

the Island of Bute to the mainland by submarine cables 
and the linking of Bute with Ciimbrae by a two-mile sub¬ 

marine cable 

There are two developments schemes lor coal m 
progress—short term and long term In the short term 

program iiiaxinium output is being expanded as quickly 
as possible and blanket orders have been placed for new 

coal fate machinery including Meco-Moore cutters, to 

the value of 40 million dollars Since the National Coal 

Board tcxik over the mining industry 13 Meco-Moorc 
machines have been installed in eight months Twelve 
more are to be installed by the end of 1947. bringing the 

number then in use up to 61 The long term re-organiza- 
tion envisages at least one plan for a major reconstruc¬ 
tion project in each of the 49 areas controlled by the 

Board. It is hoped to commence not less than 20 of them 

in 1948 and the remainder in subsequent years. Each of 
these major reconstructions may cost anything up to 12 
million dollars each and may take as long as six years to 

complete New sinkings have been planned and two of 
them, at Rothes in Fife, and Calverton in Nottingham- 

sliire, have begun Drift mining, to develop seams lying 
at shallow depths whicJi ran be quickly brought into pro¬ 
duction. There should be 70 schemes at work within the 

next few years with a total output of 304 million tons per 

annum. In .Scotland 30 or more small mines are under 
such development 

Some of the major projects in the chemical industry 

include Imperial Chemical Industries which in 1946 be¬ 
gan a 40 million dollar expansion of their dyestuffs in¬ 

terest that will eventually give permanent employment to 
2.000 or more workers Of this mount £8 million will be 

allotted for the expansion of manufacturing fadlities at 
Blackley and Trafford Park. Manchester, at Grange¬ 

mouth, Stirlingshire and Huddenfield. The first three are 
mainly concerned with dyestuffs; the Huddersfield fac¬ 
tory—the largest of its type in the Empire—is ocmcerned 

mainly with intermediates. The balance of S mOlien 

dollars will be spent on extending faalities for reseatdi 
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and testing At the Blackley Headquarters of the Dye¬ 

stuffs Division the previous announcement had been for 

a 40 million dollar project in connection with the Wilton 

(Teesidc) works of I C.l for the production of fertilizers 
and heavy chemicals in general I CI will probably com¬ 

plete by the middle of next year their new plant at 

Billingham, Co Durham, for the production of "nylon 

salt," the raw material for the manufacture of nylon 

yarns It will have a capacity of 5,000 tons a year 

Important new projects are being undertaken for the 
manufacture of chemicals from petroleum Work has 

already begun at an 85 acre site at Thorntonle Moor, 

Cheshire for the ahell Petroleum Co Ltd and the plant 

which will cost several millions will have an initial pro¬ 

duction of 24,000 tons annually of a wide range of chem¬ 
ical solvents At Shell s sptciali/cd refinery at Stanlow on 

the Manchester Ship Canal, production has recently been 

increased from 12,000 tons to 24,000 tons An order for 
sodium higher alkyl sulphates, and a further expansion 
in the near year or v) to 50,000 tons is planned The 

existing plant at Shellhaven, Essex, for the manufacture 

of inset ticides and fungicides and other agricultural prod- 

ucts will result in an output of 30,0(M) tons a year The 
output of the new plant at Ihortitonle Moor will partly 
replace products at present imported from USA (equal 

at present price levels to about 15 million dollars a year) 

Owing to Its modern character the operation of (he new 
plant will make only a small demand upon manpower 

(about 200 workers and staff) resulting in an output per 
employee among the highest of Britain's basic industries 

Other Shell developments will permit an expansion in 

exports—virtually a new export trade for Britain 

More recently the Anglo-Iranian Oil Ca> has an¬ 

nounced that 11 has concluded an agreement with the 

Distillers Co (whose main export is whisky) to form 
jointly a new company to engage in the manufacture of 

chemicals from petroleum The capital is estimated to be 

£5 million The Anglo-lranian Oil Co already has two 

refineries in the United Kingdom—one in Wales and one 
in Scotland. 

The main problems connec ted with the resumption of 
civilian production in Britain after the war were (a) 

removing war equipment and re-installing machinery for 

peacetime production, (b) moderniring eqiupment and 

buildings, (c) repairing or reconstructing damaged or 
destroyed factories, (d) preparing new products and de¬ 
signs to meet competition and take advantage of tech¬ 

nical advances; (e) expanding and up-grading the labor 
force, (f) deconcentrating industry which had been con¬ 

centrated for efficient wartime production, (g) securing 
sufficient coal to meet expanded industrial demands; (h) 

meeting increased industrial and domestic demand for 

power and gas, (i) finding capacity to produce capital 

equipment for home and export markets, and (j) regain¬ 

ing and extending export markets 

Owing to the loss of overseas investments and income 
from other services (shipping, banking, insurance, etc), 

there has been a critical decline in income from "in¬ 

visible" exports with a consequent need for greatly ex¬ 

panded commodity exports. A complicating factor in this 

connection has bc^ the dollar shoruge throughout the 

world, in p.irt due to the tremendous industrial pro¬ 

ductivity of the United States, the loss of Europe's pro¬ 

ductive capacity, the loss of Europe's output in foodstuffs 

with consequent iiurcased demands upon the Western 

Hemisphere, and not least in importance, the United 

Stales' measure of self-sufficiency which makes it largely 

independent of imports of tlie type available from Brit¬ 

ain and the Empne Thus, even when Britain balances 

her trade with the rest of the world, her account with the 
U S will, even at present low import levels, still show a 

large deficit Increased industrial output in Britain will 
not alone «>lve the problem, for it is not likely that the 

United States market will be able to absorb enough of 
Britain's export produttion to balance the trade account 

Ihe many reconversion problems that have faced Brit¬ 
ain has forced her to sacrifice much of her production for 

exjjort Immediately after the war it had become ap¬ 

parent that exjKirts had to be stepped up to 175 per cent 
of lO-IS to restore the country's pre-war living standard 

A 20 per cent step-up had been achieved by the end of 
1046, but owing to the severe winter and the breakdown 

of coal and fuel production, this increase was not main¬ 

tained Ihe new plan calls for a 40 per cent increase in 
exports by mul-1948, to be followed by the end of 1948 
with an increase to 160 per rent of pre-war export 

volume 

1 his program compels Britain to sacrifice many of her 

capital investment programs—to the extent of about 50 
million dollars a year Priority, however, is still to be 

given to the coal mining and power generating indus¬ 
tries which are basic to present an expanded industrial 

output In all capital equipment manufacturing indus¬ 
tries definite export targets have to be met even if it 

means retarding re-equipment programs 

Despite severe shortages at home in all kinds of textiles, 
the textile industry, with a labor force which has dropped 
25 j>cr cent over the war years to about 750,000 workers, 

must ncvwheless increase its exports. 

Capital equipment and textiles are among the very few 

British commodities which ran be exported freely to 

most countries of the world Export of less essential prod¬ 
ucts IS being severely restricted by import regulations 

abroad This applies particularly to the motor car in¬ 

dustry which had made substantial progress and whose 
exports (including tommercial vehicles) had been at 

the rate of over $250,000 a week during the eighteen 
months beginning January, 1946 The motor industry 

produced 1.38.000 cars in the first six months of 1947, 

and during the three months May-June, 1947, had 

achieved an export level which was 220 per cent of 1958. 

lu future targets are S61 per cent of 1948 by mid-1948, 
rising to 46.3 per cent by the end of that year. For the 

commercial vehicle industry, which at the end of 1946 

had achieved 4S0 per cent of the 19S8 volume, the mld- 

1948 target is 632 per cent and the target for the end of 

the year is 815 per cent, British car exports set an all-time 

record in July. 1947, with shipment of 13,800 vehicles 
(out of a total production of 25,000). 

The pottery industry, severely "concentrated" during 

the war, is not yet back to its full complement of esub- 

lishments and may never be so, in view of the closing of 
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many small factories and the merging of others The 
problems of this industry have been examined by a 
group of experts chosen by the Board of Trade The 
most important conclusion of the study was that produc¬ 

tion-line methods and semi-automatic machinery should 
be widely adopted Despite manpower difficulties, the 

industry is now believed to be in a leading position as an 
exporter In the peak pre-war export year, 1937, il 
shipped 16,300 tons of pottery monthly In 1946 it had 

reached a monthly export level of 14,300 tons, vnth the 
peak month, December, 1946, marking shipments of 
20,600 tons In the early months of 1947 there was a 

decline, due to fuel scarcities In August, exports had 
risen again to 14,300 tons 

The textile industry, severely handicapped by a short¬ 
age of manpower, is now endeavoring to meet pent-up 

home demand and the insatiable requirements of over¬ 

seas countries Study groups of the Board of Trade, look¬ 
ing into cotton and woolen textile production, have rec¬ 

ommended substantial re-equipment based on the con¬ 
tinuing shortage of workers. 

The number of spindles running in the industry in 

June, 1947, was 20,900,000 (weekly average) compared 
with 39,300,000 in the immediate pre-war years The 

production of woven fabrics for the year 1946 was equal 
to 31,300,000 linear yards (weekly average) compared 

with 70,000,000 linear yards in 1937 On the other hand, 

production of rayon, nylon, and other yarns, averaging 
14,950,000 lbs monthly in 1946, was considerably above 
that level in 1947 In July production amounted to 

18.210,000 lbs This compares with 1939 monthly pro¬ 
duction of 14,500,000 lbs. 

Production of woven wool fabrics, for which com¬ 
plete figures are not available on pre-war production, has 
been stepped up considerably since the end of the war 

For the year 1945 the Uital woven wool fabric production 
was an average of 16,090,000 linear yards per month In 

1946 It was 18,600,000 linear yards per month, and in the 
first SIX months of 1947 the average was 17,750.000 linear 
yards monthly 

To sum up for the cotton industry. Us production is 
still not more than two-thirds of the pre-war volume and 

Its exports are less than one-half It has embarked upon a 
program of re-equippiiig the spinning section of the in¬ 
dustry with the encouragement of the Board of Trade, 

the British Government having offered a 25 per cent 
grant toward re-equipment costs—subject to orders being 
placed within two years and of deliveries being com¬ 

pleted within five years. The labor force of the industry 
has also agreed to more intensive working, with the like¬ 

lihood of double day shifts being introduced. Meanwhile 
the textile machinery industry, which before the war ex¬ 

ported up to 90 per cent of its output, is still expected to 

contribute much of its production for export and at the 
same time to re-cquip home industry TTie problem of 
securing the right balance is one which is teing given 
much attention today. 

The steel industry has made a spectacular recovery and 

Its weekly average production is well up to, and some 
times, in excess of pro-war levels. The June, 1947, output 
of steel ingots and castings, for instance, was at the 

UNITED KINGDOM STATISTICS 

Employed in industry, June, 1947 18.360,000 

(Only manufacturing 7,054,000) 

Industrial establishments’ 70,000 

Average annual income of workers' 
Iron and steel production, 1946 

$1,076 

Pig iron 7,761,000 
(metric tons) 

Steel ingots and casting. 12.693.000 
(metric tons) 

Railroads, mile. 70.000 

Highways, paved 180,000 

Kwh produced. 1946* 41244.000.000 

Telephones, 1947 
Trade. 1946 

4,500,000 

Imports £1.297,682.580 

Exports* £962.054,683 

^ Excluding coal mining and cstxbliahmcnts employing leu than 
ten 

■Based on average weekly earnings. April, 1947. of $20 70 
■Annual rate, first eight months of 1947 45.500,000,000 Kwh 
* Including exports of imported merchandise valued at 

£50.348.445 

weekly average of 254,000 tons compared with 250,000 

tons per week in 1937 The average weekly production 

tor the first seven months of 1947, despite tlie fuel crisis 
earlier in the year and the summer holiday months, has 

been 227.000 tons In steel sheets the industry has done 
still better, having exceeded the 1937 level by a small 

margin 

For the future the steel industry is aiming to reach 
a target ol 16 million tons per year, of which 13 million 

will be used at home and 8 million tons will be for 
export In the week ending October 4, 1947, steel output 

readied an annual rate of 14 2 million tons 

Britain's immediate industrial and export achieve¬ 
ments are governed by its coal production capacity In 

the immediate pre-war period, the peak production was 
239 7 millions tons per year. This had declined to 180 7 

million tons in 1946 The target set for 1947 was 200 
million tons, and official estimates toward the end of the 
year were for an output of 197,000,000 tons. In 1948 it 

IS hoped to improve upon this figure to an extent which 
will enable a small part of production to be set aside for 
export in connection with the European Recovery Pro¬ 

gram (the Marshall Plan). Upon coal production, too, 
will depend the generation of electricity. In 1938 this 
was at the monthly rate of 2,031 million kwh. In 1946, 

industrial and domestic requirements had necessitated a 
great expansion to 4,437 million kwh per month New 

generating capacity is being provided, but in the mean¬ 
time "shedding of the load” is still a threat to domestic 
and industrial consumers at peak hours. Efforts are being 

made, as a temporary measure, to stagger the peak loads 
by spreading out industrial peak consumption. 

Coal, steel, and expons are the factors which will gov¬ 
ern the outlook of British industry for a number of 
years to come. In coal the problem is to produce sisffidem 

tonnage to meet not only horae and industrial demands 
but also to restore Britain’s vanished export tnde ih this 
commodity. Pan of the home demand is mdsffed ihe 
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electrical and gas manufacturing industries Steel, with 

Its short- and long-term development program, is favor¬ 

ably placed for meeting the demands upon it, subject 

to the availability of equipment for the development 

program. There is also a call for metallurgical equipment 

in export which will impair the industry's program of 
modernization and expansion. 

The late-summer crisis in Britain's balance of foreign 

payments revealed that the trade balance with the world 
was unfavorable to the extent of nearly 150 million dol¬ 

lars a year (at the monthly rate reached at mid-year) The 

problem was further aggravated by the much heavier 

Employment in Principal Manufacturing Industries 

Mid Mid 
1917 1939 

Building and Civil Engineering 
Construction 1.136,000 1206,500 

General Engineering (mainly ma- 
chinery, etc) 956.100 704.700 

Textile Manufacture 760,000 987.900 
(includes cotton, woollen, silk. 

rayon, nylon and hosiery in¬ 
dustries also shown sepa- 
rately below) 

Coal Mining 
Road Vehicles and Aircraft Manu 

738,000 761200 

faciure 558,000 473200 
Road Transport Services (passen¬ 

gers and goods) 
Food Manufacture (not agricul- 

486,000 410.900 

ture, excl drink) 
Clothing Manufacture (excl boots 

and shoes) 

396200 428200 

395,200 496,100 
(includes tailoring, and dress- 

making industries shown also 
separately below) 

Shipbuilding ir Marine Engineer- 
ing 279,600 196,900 

Electrical Apparatus, Cables, etc 
(consumer goods) 272,000 195,900 

Chemicals, Paints, Explosives, etc 
(inci Plastics) 

Printing, Publishing & Bookbind¬ 
268200 284200 

ing 265,800 304,300 
Cotton Spinning and Weaving 

(part of Textile Manufacture 
group given above) 

Iron and Steel Manufactures (incl 
257,000 339,900 

tubes) 
Woodworhing Industries (furni¬ 

ture. 114,200) 

241.400 232,300 

236,000 240,000 
Gas, Water and Electricity Supply 
Tailoring (part of Clothing Manu¬ 

226,500 214,800 

facture group already given 
above) 210,000 234200 

Pottery Se earthenware (63,000), 
glass and products; bricks and 
tiles (68,600) 187,300 211200 

Leather goods and tanning, and 
boots and shoes (119,800) 176,700 208.000 

Woolen textiles (Part of mam 
Textile Group) 

Electrical Engineering (mainly 
165.000 207,600 

capital equijiment) 
Silk, Rayon, Nylon, etc, and Ho- 

•iery (81,400) (part of mam 

156,500 133.900 

Textiles Group) . .... 143,100 198200 
Papter and Board Manufactures. 128,900 159200 
Drink ManuCseture. 123,400 120200 
Drestmaking and dress industries 102200 138200 

adverse balance with the dollar and hard-currency coun¬ 

tries (chiefly the United States, Canada, Portugal, Swit¬ 

zerland, Sweden, Argentina, together with certain other 

Latin American countries) This hard currency deficit 

totalled more than the world balance deficit, and was 
between 175 and 200 million dollars Favorable balances 

with the rest of the world reduced the over-all imbalance 

to around 150 million dollars The solution of the dollar 

problem is a world problem, and is being tackled in 

Europe through the agency of the Marshall Plan The 
steps taken in Britain to adjust her balance of payments 

problem include (a) ruts in imports amounting to 57 

million dollars, plus (b) the setting of new export targets 

to make up the 93 million balance of the deficit 

It IS recognized that in the short period of time avail¬ 

able it will not be possible to expand production to pro¬ 
vide additional exports without reducing supplies to the 

home market 1 he only alternative is reduced home con¬ 
sumption of both consumer and capital goods To imple¬ 

ment the new export program it will be necessary, as has 

already been mentioned, to reduce capital investment at 

home by about 50 million dollars The magnitude of this 
cut can best be guaged by the fact that it is about equal 
to half of the steel industry's proposed modernization 

program In pursuing this course, Britain is fully aware 

that it IS sacrificing vitally needed equipment on the 

home front However, the alternative would be to fall 
disastrously short of export targets, since overseas coun¬ 
tries are encountering balance of payments problems of 

their own and arc restricting imports to gcxxls of an 

essential nature Thus, motor car imports are being cur¬ 

tailed. but the import of capital equipment is still rec¬ 
ognized as essential for industrial modernization and de¬ 

velopment The main exceptions to Britain’s expanded 
export program of capital goods is that coal and power 

generating equipment is being retained for home devel¬ 
opment To a lesser extent, equipment for the textile and 

chemical industries has a home priority tag 

Subject only to a solution being found for the imme¬ 

diate balance of payments and dollar shortage problems, 

the short term outlook for British industry in 1948 is 

virtually that of an assured market for all production, at 
first for the requirements of overseas markets, and once 

the trade account has been balanced, for all types of 

products, luxuries included, in home and other markets. 
Without balancing trade accounts, the prospect is dis¬ 

mal in the extreme, starting first with additional import 
cuts—food would be the first, followed by raw materials. 

Once supplies of imported raw materials had been re¬ 

duced, the descending spiral would operate. Materials 

would not be available to make goods for export, thus 
necessitating further import cuts, and so on. 

The problem for Britain in the long run—assuming 

a solution of payments problems and an expanding world 

level of production and trade—svill be that of securing 

greater production with a declining labor force. Two 

wars have had their effect on the birth rate. Britain's 
population is growing older It is now inevitable that 

increased production capacity must be developed 

through more efficient production, better machines, etc, 

and not through the employment of greater numbers of 
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workers to produce the same per capita output as in past 

years. Britain’s dire necessity now to expon capital 
equipment may ultimately be to her advanuge insofar 

as it enables the rest of the world to build up industries 
with present-day equipment, leaving Briuin to re<quip 
at a later stage with the better and more eiiiaent ma¬ 
chines which must emerge in the course of tune through 
research and experimentation. Some machines now 

being exported to secondary industries in other countries 
may be out of date in as little as five years, by which 
time Britain may be in a position to start an all-out drive 
to re-equip old factories with new equipment. 

INDIA AND PAKISTAN 

Although the war directly touched India only in its 
northeastern comer, the Andaman and Nicobar islands, 
and involved several coast cities in minor air raids, the 
country emerged from the war with great damage to itt 
manpower and resources. India’s military casualties were 
about 180,000 killed, wounded and missing. It is esti¬ 

mated that ISO million Indians suffer from undernourish¬ 
ment even under the best of peacetime conditions, so 
that a poor harvest coupled with elimination of rice 
imports from Burma has had tragic results. The famine 
in Bengal resulted in 1,500,000 deaths 

Despite serious food and materials shortages, India 
made great gains during the war which will prove in the 
kmg mn to outweigh losses Many entirely new indus¬ 

tries were started and a few existing industries were ex¬ 

panded. Together, these will form an important nucleus 
to the planned industrialiaation of the nation 

However, in the first post-war years, inflation has af¬ 
fected India more seriously than any other non-dev- 

asuted country 'Wholesale prices, whidi stood at 11$ in 
1940 (19S7 = 100), had risen to 274 by the middle of 
1947. The cost of living in Bombay, which stood at 
106 in 1940 (1987 := 100), was at 256 in April, 1947. 

Industry, after reaching an unprecedented output in 

the war years, declined in 1947 due to a combinauon of 
causes: poor distributioit, shortages, and social disorders. 
Partition of India late in 1947 occasioned extenave un¬ 
rest with serious repercussions upon the national 
economy. 

Despite this, plans for raising the production level and 

living standards of the subcontinent have been drafted 
and will be pursued by the separate'governments. They 

are laid upon a solid basis of industry which has been 
slowly but steadily expanding for many years and re¬ 
ceived a sharp boost during the war. 

Independence has changed the economic pattern in 
India The new Pakistan is less of an industrial state than 

Its partner. The staustical picture resulting from inde¬ 
pendence of the two areas is as follows; 

Pakutan India 

Induttry (in no of plants) 
Cotton mills 9 880 
Jute mills 0 108 
Sugar mills 10 156 
Iron and steel works 0 18 
Paper mills 0 16 
Glass works 2 77 

Agriculture (in lOOO’s of aaes) 
Jute 1,404 984 
Cotton 1,680 18,770 
Tea 97 641 
Rice 5,876 17J829 
Wheat 2.785 4,200 
Sugar 617 2,681 

Railroad mileage 15.542 25,970 
Highway mileage 49.868 246.605 

It IS too early to assess accurately the development 

problems which confront Pakistan and India as separate 

sutes Until now, they have been considered as a unit 
and there will undoubtedly be adjustments in present in¬ 

dustrialization plans required by their separation India’s 
problems stem from the backwardness of agricultural 

and primary industry techniques, and from the fact that 
the populauon is increasing at the rate of 5 million a 
year Thus, the contemplated trebling of the national 
income (envisaged by the Bombay Plan) would result 
in only a doubling of the income per capita by the end 
of the fifteen-year period 

There has been considerable discussion in India on 
planned industrial development and a number of plans 
have been proposed The most widely publicized, and 
the most comprehensive, is the socalled Bombay Plan, 
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Large Indian preducan am Tata SImI Corporation ei Bongol 
and Myaoro Iron and Stool Works. Indio's Iron oro U om^ but 
coal for both fuol and eeUng Is poor. Tho country boa Toat 

chroma, ranadium and tungstan rosoureoi. 

D\7A ON INDUSTRY IN INDIA, 19.19 

No of No of 
Estahhshmfnts Tf'orArew 

I extiles 1.867 946,384 
Engineering 1,024 258548 
Minetals and Metals 183 64326 
Food, Drink, 'loliatco 3,015 264,418 
( hemicals. dyes, cu 659 70,117 
I'aper and Printing 571 57351 
Stone, glass, woodworking 596 92.835 
leather and shoemaking 88 15,874 
Gins and Presses 2.627 208.134 
Miscellaneous 292 71.582 
Total 10.442 2,026,919 

formulated by a group of Indian industrialists in 1944 

The Indian Federation of Labor also published a plan 
on similarly comprehensive lines, but with less detail and 

more ambitious targets Both of these plans were based 
on the idea of increasing the national income over a 
period of years at a pre-detemiined rate During the war 

official schemes for reconstruction and development over 

a five-year period . . covering agriculture, transport, 
education, and public health . . were drawn up by the 

Provinces and the Central Government Recently a re¬ 
port of the Advisory Planning Board of the Interim Gov¬ 

ernment was published It was less specific than some 

earlier plans. The general targets, however, were of 

about die same magnitude as the Bombay Plan. 

The industrialists' plan aims at trebling the national 

income of India within fifteen years, from an estimated 

6.6 billion dollars to about 19.8 billion dollan, aiming at 
a doubling of per capita income and taking into account 

the rise in population mendoned above. 

These increases in income are to be achieved by 

planned investment over the fifteen-year period and 

spread over the main groups of activities as follows. 

CAPITAL INVE.S'I'MENT UNDER THE BOMBAY 

PLAN 

(Mtihons of $) 

Industry 18,468 
Agriculture 8,727 
Communications 2,825 
Education 1,473 

Healtli 1.352 
Housing 6,612 
Miscellaneous 601 

Ihc sources from which funds equal to 100 billion 

rupees are to be obtained a e visualized by the authors 
of the plan as follows. 

Hoarded wealth 3 per cent 
Sterling securities 10 " •' 
Balance of trade 6 " 
Foreign txirrowing 7 '■ " 
Savings 40 “ " 
‘’<reateil money” 34 " " 

100 " " 

A<cording to the plan, investment and its effect upon 

the economy will increase as the fifteen-year period pro¬ 

gresses In the first year of the plan, investment is set for 

642 million dollars, and in the last year at 4.08 billion 
dollars 

Altiiough none of India's integrated long-term post¬ 

war plans are yet under way, new industrial develop¬ 

ments based on short-term plans have been undertaken. 

The textile industry, already one of the most impor¬ 
tant in India, is planning to increase its installed capac¬ 
ity by 80 per tent by 1951 It intends to raise the number 

of (otton spindles from the 1945 figure of 10,288,000 to 
18.096,000 anti the number of looms from 202,400 to 
277,000. 

Ilie cotton division of the textile industry claims a 

leading position as the nation’s largest business It em¬ 

ploys 510,000 workers (with allied industries, the total is 
727,112). compared with 814,000 workers in jute mills, 
44.305 in wcxil mills, and 12,565 in silk mills. One hun¬ 

dred and twenty-five new cotton textile mills with a 

combined number of spindles totalling 2,744,000 are 
called for under industry’s expansion program. 

Although India's electricity has traditionally been ob¬ 
tained from coal, oil, and water-power, post-war develop¬ 

ment plans call for exploitation of the country’s vast, 
untapped hydro-power resources. Before the war, per 

capiu power production was only 5 kwh annually- 

compared with around 2,000 kwh in the United States. 

The hydro potential is estimated at 27,000,000 hp and 

expansion plans call for an investment of several hun¬ 

dred million dollars to increase power capacity by about 

65 per cent. 12 new hydro-electric projects started since 

1989 will be completed within the next 9 years, and 

3 others have been approved by the government. To¬ 
gether, these will cost about 236 million dollars. 



44 INTERNATIONAL INDUSTRY YEARBOOK 

INDUSTRIAL PRODUCTION IN INDIA* 

Cotton 
Piece Goods 

(million 
yards) 

Cement 
(thousand 

Steel Ingots 
(thousand 

tons) 

Pig Iron 
(thousand 

tons) 

Coal 
(thousand 

tons) 

(milltonkwh) 
Electricity 
(monthly 
average) 

1940/41 45694 1.727 15854 1,9610 26,005 204 

1941/42 4.493 4 2547 1,363.1 2,015 0 24,463 214 

1942/43 4,109 3 2.183 15991 1,804 2 25,470 225 

1943/44 4,870,6 2,112 1,365 5 1,686 4 22,483 227 

1944/45 4,726 4 2,075 15539 1,300 4 24,154 279 

^United Nationi, Dept of Econotntc Aifaira» Survey of Current Inflationary and DefiaHonary Ten¬ 
dencies, September, 1947 

The government has approved plans for the doubling 

of cement production by 1952, but it is questionable 

whether the target can be met Capacity of the industry 
in 1947 was estimated officially at 3 million tons, but 

production was only about ^rds of this figure Under 

the government plans, 19 new plants are to be erected 
and 15 of the old ones are to be expanded. Work is pro¬ 

gressing on the construction of plant sites, and licenses 

have been granted for the import of 27 cement processing 

units from the United Kingdom, Denmark and the 

United States India is itself making parts for some units 

Toward the end of 1947, economic activity in India 
was estimated to have fallen to a level a few points below 

ITALY 

Italy has made steady progress toward recovery in the 

first two years following the end of the war. But polit¬ 

ical difficulties with their effects on the morale of the 

people, which became intensified at the close of 1947, 
hampered seriously the rate of reconstruction achieved 
in 1947 

In 1946 the level of industry in Italy reached only 25 

per cent of 1938 By the middle of the year 1947 it had 
risen to 70 per cent of 1938 but a number of unfavorable 

circumstances, such as the scanty supply of raw materials, 

electric power, and coal, then began to retard recovery. 

1945 marked the depth of the depression for lulian 

agriculture Production was reduced to 64 per cent of the 
1938 level. This rose to 80 per cent in 1946, but in 1947 

agriculture again declined as a result of scarcities of 
fertilizer, machinery, and the loss of livestock. 

The Italian economic situation is characterized by a 
serious imbalance between the population, which is 

rapidly increasing, and inadequate natural resources and 
capital investments. A higher standard of living for the 
Italian people depends upon the solution of the prob¬ 

lems of emigration and increase of production, accumula¬ 
tion of foreign capital, and the redistribution of savings. 

At present, Italian economic life is conditioned by the 

State in a great variety of ways. These range from direct 
or indirect concessions granted to private enterprise in 
many forms to participation by the State in private busi¬ 

ness, and to direct government operation of public 
services and business concerns. 

that of 1939-40 At the wartime peak, it had exceeded 
the 1939 level by 18 per cent. 

Iron and Steel production, 1946 

Pig iron 

Steel ingots and castings 

Coal production. 1946 

Textile production, 1946 

Cotton piece goods 

Cotton hand loom 

Kwh prtxluted, 1946 

Telephones, 1946 

1,326,000 tons 

1,229,000 tons 

26,370.000 tons 

4.009.000,000 yds 

1,300.000,000 yds 

3,464,000,000 

120,000 

In the field of transport and communications, the 

railways, posts and telegraph, and interurban telephone 
services are run by gosernment. I'he government is a 
shareholder in radio, telephone, air and sea navigation 

companies Government, through the Instituto per la 

Riconstruzione Indiistriale, controls 23 per cent of elec¬ 
tric power production, and another 7 per cent is state- 

owned The A C.A I (Italian coal company), whose 

capital was largely subscribed by the government, pro¬ 
duces almost all the coal mined in Italy 80 per cent of 

the steel industry was controlled by the Finsider Holding 
Co, and 90 per cent of the shipyards by the I R.I. Social 
insurances arc managed by public corporations, and the 

I N A. (National Life Insurance Institute) occupies a pre¬ 
eminent place in the field of private insurance. In bank¬ 

ing, 34 per cent of all savings were held directly by the 
state (at the end of 1946), 39 per cent by public or state- 

controlled institutes, 9 per cent by cooperative banks, and 

only 18 per cent by private banks. 

Under these condiuons, it is regarded as essential that 
the government take the initiative and draw up an 

economic plan for Italy desi{pied to meet intemauonal 

commitments and raise the standard of living of the 

people. Such a plan is being prepared by the National 

Economic Council. The first and most difficult task has 
been the collection of information and appraisal of the 

status of various segments in the national economy. 

Industrial capacity was not serioudy reduced by war 
damage. Only establidiments located in central and 
southern luly suffered extensiTely. Most of the etfuip*' 

ment in northern Italy emerged from the wv unsbathed, 

to that h has been estimated that per ee« of the 
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country’s 1942 capacity was intact at the end of the war. 

Power plants in central and southern Italy suffered a 

loss of about 50 per cent of capacity This has been re¬ 
placed in part by supplies moved from northern areas. 

The damaged high-tension network has already been 

repaired. Electrical production for the country in 1947, 
which is estimated to be 20 6 million kwh, is about 20 
per rent above the 1939 level 

The pig-iron industry suffered severe damage, causing 

almost a 70 per rent reduction in capacity. The steel in¬ 
dustry suffered only about 20 per cent loss of capacity, 

but the loss consisted mainly of electric-furnace equip¬ 

ment removed by the Germans As a result, only coal 

furnaces remained With the extreme scarcity of coal, 
the effect on production was out of proportion to the 

capacity lost With heavy emphasis being placed on 

electro-furnace reconstruction, steel output in the first 

half of 1947 rose steacLly The full year’s output was ex¬ 
pected to approach 2 million metric tons, with 1948 
production scheduled to reach 2 5 millions — a figure 

nearly 10 per cent above the 1938 level 

The engineering industries, which are mostly centered 
in the north (80 per cent in the Po valley), suffered little 

damage Many of these have attained between 60 per 
cent and 70 per cent of the pre-war level The electro¬ 

mechanical industry is working at a rate which is only 
retarded by shortages of raw materials 

The severe damage to shipyards has made it unlikely 
that they will regain the pre-war level for some time 

The textile industry was not seriously affected by the 
war Shortages of materials, however, have retarded re¬ 

covery lINRRA cotton, spun for UNRRA account, as¬ 

sisted m raising production The United States provided 

a 25 million dollar cotton loan to purchase additional 

equipment and materials so that Italy might earn funds 

by export Barter agreements with Egypt and Palestine 
made additional cotton available While production in 

1946 barely exceeded half the 1938 level, the trend has 

continued upward The natural silk industry, which be¬ 

fore the war was of considerable importance, has been 
largely superseded by expanded rayon and other syn¬ 

thetic fiber production Lack of coal and sulphuric acid, 
however, is keeping production at a low level 

Italian transport was heavily damaged by the war 
About 35 per cent of the steam locomotives and 45 per 

cent of the freight cars were lost The merchant marine 
was decimated, and cannot be restored to the pre-war 
level for some years. 

Italy has been making desperate efforts to export, and 
has actually succeeded in nearly balancing its imports and 

exports if trade with the United States is excepted With 
the U. S., however, the country has a serious debit 
balance. 

Italy’s cash requirements for reconstruction were esti¬ 

mated In 1946 to be 4 billion dollars over a four-year 

period. Although such a vast amount of aid cannot be 
expected to materialixe, considerable sums have become 

available to the government and more will be provided 
under the Mardiall Plan. 

Since die middle of 1945, Italy has obtained the 

eqilival^ of 462 million dollars from hard-currency 

countries Early in 1947, the Export-Import Bank granted 

a 100 million dollar credit, which by the end of the year 

had been almost completely earmarked for industrial re¬ 

construction In August, 1947, 23 million dollars was 

allocated to Fiat, Montecatini, and Pirelli In October, 
5 8 million dollars was spent on shipyard facilities. In the 
same month 32 million dollars was earmarked for equip¬ 

ment destined for 60 medium and small firms in the 
chemical, rubber, electro-mechanical, and metallurgical 

industries Finally, 14 2 million dollars was allotted to the 
five leading steel mills, and 22 3 million dollars to another 

group of medium-sized chemical and metallurgical firms. 

'1 he following list summarizes the foreign credits Italy 

had arranged by the middle of 1947 

MID-1947 (-RED1TS GRANTED ITALY 

r S Surplus I’lopertv Credit $160 million 
I' S Maritime Commission Credit 37 
Export-Import Bank of Washington 150 " 
Aigentine Government 122 " 
French (,overiiment* 3 “ 
Danish Oovcrmncnl* 5 " 
Belgium Government* 9 “ 
Netherlands f»overiimcnt* 1 “ 

1 he future course of the Italian economy will depend 
heavily upon the amount of assistance made available 

through the European Recovery Program On its own, 

the Italian government submitted proposals to the Com- 

mittcc for European Economic Cooperation outlining a 

course of reconstruction for the nation General scaling 
down of the probable funds to be made available by the 

United States will undoubtedly make full realization of 
these taigets impossible 

The esumates for agriculture, 1947-48 to 1950-51, are 

based upon logical expectations of climatic conditions, 
raw material and mechanical supplies They also consider 

plans for imgaiioii and reclamation which have been 

approved by the government. The area to be sown to 

wheat, and the anticipated subsequent production, are 
somewhat below the 19.34-38 level (when efforts tosvard 

self-sufficiency were being pursued) but estimates for 

other crops are higher 'I'he end effect-the level of con- 
sumption-would be lower than the 1934-38 period. 

The total output ol electric power is projected as 
follows. 

. Millions 
of kwh 

1947 20,600 

1948 28310 

1949 26,380 

1950 .. 28,710 

1951   81J260 

These estimates leave no power surplus for export, 

but considerable export maigins are foreseen for the 

output of Italian industries manufacturing parts for the 
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clcctncil field as est.m.itcd at 15 million dollars in 1947 NUMBER OF INDUSTRIAL ESTABLISHMENTS, 

.iiid SS million dollnis in 1951 1937-39 

Kwli protliiceil, 1946 47 (Sept-Aug) 17576,000.000 

Dm mg the lirst eight months of 1947, 
prodiirliuii was at the rate of 20,676 
million kwh aimiialh 

Iron and Steel prodnrtion, Jiily-Jiinc, 
1940-47 

Steel ingots and (.aslings 1,469,000 metric tons 
Pig non 26«0(X) " 

In the tjsc ol coal, Italian needs, home production, 
and the deficit to be met by iinjKirts are calculated as 
follows (in thousands of metric tons) 

Total Italian 
hear Demand Output Imports 

1947 
I94K 

1919 
1950 

1951 

12,430 
16,626 

1R.S65 
20,300 

22,500 

1,800 
2523 

2.765 
3.300 

3.300 

10,620 

14,400 
15,600 

17,000 

19500 

In view of the probable continuation of a worldwide 

sliortag'c of coal, these figures arc undoubtedly optimistic 
The country's total demand for liquid fuels is expected 

to rise from 4 4 million metric tons in 1947 (at a cost of 

85 million dollars) to 6 3 million metric tons in 1951 
(estimated to cost 115 million dollars) 

Since the Italian steel industry has been, and will con¬ 
tinue to be, heavily dependent upon foreign coal and 

iron, expansion is planned at a conservative rate Esti¬ 

mates place Italian steel requirements at 3 2 million 

metric tons in 1948 and at 4 3 million metric tons in 

1951. Domestic output should provide not less than 25 
million tons in 1948 and 3 million tons in 1951 

The reconstruction of the Italian merchant marine will 

increase its capacity from 2 4 million deadweight tons 

in 1947 to 3 2 million in 1951 Construction in lulian 

yards is estimated to reach 230 thousand tons in 1949, 
259 thousand in 1950, and 318 thousand in 1951. 

RELATIVF IMPORTANCE OF INDUSTRY 
BY NUMBER OF EMPLOYEES’ 

Per Cent 

Textiles 145 
Mechanical Engineering 144 
Building 110 
Food Processing 103 
Stone, Clay, etc 41 
Mines and Quarries .... SI 
Timber . .. 23 
Chemicals 2.3 
Other Industrv . . .. 41.1 
Total Industry. 74.4 
Handicraft .. .. „ . . .. 25-6 
Grand Total. . 100.0 

> UKRRA Mutton Rqwrt on Itelr, 1947 

No of 
Establish- £wi- 

Size of Plants ments playees 

Employing 2 to 10 workers 278,865 879512 
Employing 11 to 50 workers 25,376 569.561 

Employing 51 or more workers 10,107 1,172,422 

Total 314,.348 2,621.495 

1947 INDICES OF INDUSTRIAL PRODUCTION 
(1938 = 100) 

Textiles’ 56 
Mining' 47 
Metal industries' 70 
Building materials’ 50 
Fleclrical industry' 122 
Chemical industry'' 70 
General Index' 68 

’Januar), 1947 
•June, 1947 
'Unofficial Mfimatc, June, 1947 



MEXICO 

Since 1940 hundreds of new plants have sprung up 
throughout Mexico Today's problem involves not only 
maintaining these new industries, but in further pur¬ 
suing the plans formulated in 1944 for the country's 
oicrall plan of jndustriali/ation In 194(>. Mexico passed 
an industrial law defining the new and necettory indus¬ 
tries and providing financial incentives for industries 
essential to the basic economy of the nation The United 
States and Mexico have cooperated closely for the long- 
range development of the latter's primary industries 
United States capital has increasingly been moving south 
of the Rio Grande despite tlie idea long prevalent among 
United Slates businessmen dial the country possesses an 
unhealthy climate for foreign business investment 

Mexico's economy is still predominantly agricultural, 
with .ilwiit I)’} per rent of ilie total |xipulation engaged 
111 agricultural jiastoral activities The most significant 
deielopmeiit, which has directly stimulated industrial 
giowth, IS the atlentiou which is being paid by the gov¬ 
ernment to the expansion and improvement of irrigated 
farms ,\pproximaiely 4 million acres are under new im- 
gation. with about 2.800.000 of this total placed under 
irrigation sinrc 1940 -\n adequate supply of foodstuffs is 
indispensable lo any pnigrani ol industrialization Mex¬ 
ico recognizes this in the federal allocations which are 
being assigned to irrigation .ind hydro developments 
During the last years of Wot Id War II the Banco National 
dc Gredito Kpclal, S \ , ordered well over 82 million dol¬ 
lars worth of agricultural machinery lo be utilized in its 
agiiciiltural program (.losely associated with the irriga¬ 
tion pio|r<ts will he the expansion of electric power 
facilities which will in part compensate for the scarcity 
of high-grade coal 

Mexico's program of industriali/ation stems from her 
1949 Ley de Indusiiias de Tranhformatton passed to en¬ 
courage the establishment of new idustnes New plants 
and companies receive favorable concessions and certain 
excmpiions from import duties on new machinery and 
raw materials A benevolent attitude was also adapted 
regarding federal, excess profits, and stamp taxes Many 
of the new companies which sprang up in and after 1940 
operated for a market where any significant volume or 
variety of products from the United Slates or Europe 
could not be imported For the large part, they lacked 
any local competition However, they did acquire certain 
technological skills which arc now proving advantageous 
in lowering prices and improving the quality of Mexican 
products. 

In 1944 Mexico defined a long-term program of indus¬ 
trialization which, over a period of 10 years, would ex¬ 
pand the iron-steel industry, modernize the textile in¬ 
dustry, increase power facilities through an expenditure 
of 50 million dollars, expand the irrigation system at a 
cost of 158 million dollars, rehabilitate the railroad sys¬ 
tem, make the country self-sufficient in cement and estab¬ 
lish the beginning of a much needed chemical industry. 
There haw been a number of cutbacks in the original 
plans of the Mexican-Amencan Industrial Commission 
which fostered this systematic development of various 
industries. However, a large share of the 383 million 
doUan vriiich was allocated has already been spent in the 
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United States for the purchase of the industrial and con¬ 
struction machinery required by the program 

About 35 per cent of the country’s industrial produc¬ 

tion IS centered in or around the Federal district The 
principal manufacturing industries and the percentage 

each contributed to the total national production in 
1944 is as follows. 

Cotton textiles 29 per cent 
Wheat mills 12 " " 
Breweries 10 " 
Soap 6 " " 
Vegetable oils 6 “ “ 
Tobacco 6 “ " 
Iron and steel 5 " 
Rayon textiles 4 " 

Modernization in industry is a foremost objective in 
improving the productive capacity of the majority of 
Mexican plants This may be illustrated in the textile 

industry where the Mexican weaver operates 4 looms as 
compared to 80 looms per operator in England and 100 

looms per operator in the United States 

Mexico City has experienced a phenomenal growth in 

recent years. Profitable commercial and manufacturing 
investments during the war years provided investors with 

excess capital which has been used for real csute de¬ 
velopment. Since 1940 there have been over 4,000 build¬ 

ing permits issued annually, with construction expendi¬ 
tures for industrial and home buildings estimated at 
about 40 million dollars in 1947. 

The Federal District, which represents about 84 per 

cent of the country's industrial production, faces grow¬ 

ing competition.from the northern cities of Monterrey, 
Saltillo and Durango. The Federal District, however, still 

occupies first place in industrial importance, followed 
by Veracruz, Nuevo Leon, Puebla, Coahuila and Jalisco 

Electric power, as in any other country with a program 
of industrialization, is receiving particular government 
attention, with present hydroelectric power estimated at 
only 440,000 kwa The undeveloped potential of the 
country is estimated at over 7,000,000 kw. Since 1987, 

htapaaloaffe. 100 milM nartbwwl of NMOee Cllr. wlU doubla 
power for r«ldlr lodnaMcdlibm ewtnil UsdUcmdi, 

when the Federal Electricity Commission was aeated, 28 
generating plants have been built. The largest is the 
Ixtapantongo station which will eventually have a capac¬ 

ity of 85,000 kw It is expected that by 1949 a total of 
827,340 kw in new capacity will be added to the present 
440,000 kw 

Mining continues to exercise an enormous influence on 
the country's economy Although only 6 per cent of the 
population IS engaged in mining, it accounts for 17 per 
cent of total value of production The Index of Produc¬ 
tion reached a new high of 104 during war years (1937= 

100) and dropped to a low of 72 in 1946 

President Aleman’s visit to the United States in 1947 

aimed to enlist the assistance of American government 
and private capital for the further industrialization of 
Mexico Mexican law now specifies that the controlling 
share in any business be Mexican, a regulation that may 
sometimes be waived in the country's interests The bulk 

of foreign investment in Mexico texlay is United States 
capiial Profits on manufacturing investments have been 

exceptionally high in recent years, reaching an average 
of 18 y>er cent Various statements in the press seem to 

indicate that the present administration is principally 
interested in accelerating the program of industrializa¬ 
tion and that it does not particularly care whether 

needed industrial plants are built with public or private, 
foreign or national money 

The Mexican Federal Budget for 1948 amounts to 475 
million dollars and is the biggest in the history of the 

country The Government plans to obtain 410 million 
by regular taxation and the rest by the sale of bonds; 

50 million of which will be road bonds, 7 4 million for 
electrification and 4 million for ports. 

THE BUDGET IS DIVIDED AS FOLLOWS 

Legislature S 8 1 million 
Executive Office 0 35 " 
Juridical 15 " 
Interior . . 26 " 
Foreign Relations 53 “ 
Treasury 41. " 
National Defense   495 “ 
Agriculture 85 " 
Communications and Public Works 85 5 
National Economy 95. “ 
Public Education . .   50. " 
Public Health ... ... 24. 
Navy 145 " 
Labor ... 1.1 
Agrarian   2.7 
Hydraulic Resources . 485 “ 
F^ral Attorney’s Office ..05 " 
National Monuments   1.8 " 
Military Industry. 85 “ 
Investments .—. 195 " 
Additional Expenditures. 475 “ 
Public Debt. 725 " 

The biggett item is thkt asilgyted to the Department 
of Communications and Public Works, which this year 

has a budget of 86 million dollars as against 6 mOlipto 
in 1947. Of die amount allotted to ^ OeparweM, 56 



million will be spent on roads, construction, conserva¬ 
tion, etc 

In the amount assigned to the Department of Economy 

the 6 2 million dollars that the National Commission of 

Elettricity will spend on electrification are included 
'I he Federal District's Budget for 1948 amounts to 85 

million dollars In 1947 the Federal District had a budget 
of 31 million dollars 

With an increase in industrial production of more 

than 50 per cent during the last seven years, and an 
immeasurably improved standard of living, the country 
occupies a strong position to continue its industrial de¬ 

velopment. Inflation continues to threaten the security 

of new developments Despite the shortage of equipment 

and constructioti equipment, over 400 new projects have 
been undertaken, including the important new steel 

plant of Altos Hornos de Mexico, Celanese Mexicans, 

Viscosa Mexicans, Compania Industrial de Atenquique, 

Compania Elcctrica de Mexico, "Mexican Fertilizers,” 
Cobres de Mexico and some sugar mills. Cananaa Copper 
(a subsidiary of Anaconda) has recently invested another 
12 million dollars in enlarging its present refinery and 

the Mexican Monterrey Steel Works has doubled its pre¬ 

war capacity International Harvester, Westinghouse, 
Crosley, |ohnson & Johnson, Goodyear, and Worthington 
Pump and Machinery (>orp are only a few of the United 

States companies which are establishing, or studying the 

possibilities for developing, plants in Mexico. 

INDUSTRIAL CENSUS OF MEXICO FOR 1944’ 

Salaries Capital Value of 
Number of Paid Invested Production 

Establishments Personnel (In 1000’s of V. S. Dollars) 

Textiles . 2.499 105,810 41,471 82,899 197,260 

Foundries and Metallurgical Industries 4,871 40,084 16.794 30,224 59,924 

Wearing Apparel and Toilet Preparations 6,S72 28,717 9,675 15319 35,537 

Food Products 8,169 7SJ283 25,346 59337 10,539 

Wood and Furniture 4,765 30,606 9,391 16,143 34,349 

Glass and Porcelain 146 7,490 3370 6,971 12357 

Hides and Leather e 1,174 6,628 2,437 5,811 16,765 

Electrical Appliances 229 927 342 619 1,111 

Chemicals and Pharmaceuticals . . . 444 14,049 8297 28,934 42,458 

Vegetable Oils, Paints and Varnishes 212 U13 578 1255 3,348 

Rubber 176 2,141 915 5,148 17213 

Soap .. 34 3jeo 1305 6,374 19,788 

Paper and Paper Products 168 6,722 3,068 10266 21218 

Graphic Arts ... . 1,830 13,875 6,875 10364 20204 

Tobacco. 74 ifflO 1370 12260 14,460 

JtwOry . 678 U94 482 794 1318 

Optics ... .... 31 175 93 305 441 

■ Compeadia de Siudistioi, 1M7: Seerettnt dc U Eeonomis Nadonal, Mexico, D. F. 
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Gaman ouloa an tn ptodneilea oi RummUwIdi wlwrt Um Om- 
tral Molon owaad Opel pknl manuiaelniM a tour-erUndar 

THE NETHERLANDS 

The Netherlands' economy was seriously affected by 
the war in two ways Physical damage to industry, agri¬ 
culture, and transport, and disruption of the close eco¬ 
nomic ties with German industry 

Material damage has been officially estimated at 6 3 
billion dollars Nearly 500,000 acres of farm land were 
inundated, and it is believed that production on the re¬ 
claimed land will not reach pre-war levels for at least 
five years At least 200,000 acres were flooded with salt 

water Dutch railroads were practically demolished, and 
the important ports of Amsterdam and Rotterdam were 

seriously damaged The Dutch merchant marine lost 
more than 40 per rent of its pre-war tonnage of 2,800,000 
gross tons 

Destruction of dwellings was particularly acute over 
350,000 were slightly damaged, 4^000 were severely dam¬ 

aged. and about 92,000 homes were destroyed 

Considerable progress has been made in overcoming 
most of the direct consequences of the war Much of the 
flooded areas have been returned to cultivation, although 
the productivity of land flooded with salt water remains 
low Mine fields have been cleared, transport restored, 

and nearly all bridges repaired The railroads are carry¬ 
ing more passengers and goods than before the war Road 

repairs are progressing rapidly Shipping has reached 85 
per cent of pre war, By the middle of 1947, the level of 

industrial production had climbed to 94 per cent of 
pre-war. 

Although The Netherlands has traditionally been a 
creditor nation on international account, the loss of 

la aaaapUflaJ br tba apaad with which 
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German trade and difficulties in the Netherlands East 

Indies have combined with the requirements of capital 
reconstruction to place a heavy drain on finances As a 

result, overseas assets — estimated at about 600 million 
dollars — are being liquidated and credits have been ob¬ 
tained to assist reconstruction 

Since the end of war in 1945, The Netherlands has ob¬ 
tained the equivalent of 898 million dollars in credits 
from the following sources: 

POST-WAR CREDITS 

U S Surplus Property Credit $ 30 million 
IJ S Lend-Lease credit 48 
Export-Import Bank of Washington 205 
11 S Commercial Bank credit 93 " 
II S private Iiond ivsiic 20 
Canadian Government credit 125 
Swedish Government credit 28 
Swiss Government credit 21 
International Bank loan 195 “ 
British Surplus Property credit 8 '* 
Belgium Government credit 69 
french Government cicdit 2 " 
Swedish Government (short-term loan) 4 *' 
LIniled Kingdom credit’ 50 " 

* As a result uf monetary and luyments aareement 

The tliiei factors lirmtiiig industrial recovery are two- 
lold first, the vanity ol raw materials and fuel, which 
has limited output in almost every field of economic 

activity Lack of fertilizer has seriously retarded the 

restoration uf agricultural productivity Second, the loss 

of the German market which before the war was so im¬ 
portant to the Netherlands' economy Dutch industry 
has long been geared to the use of German raw materials 

and semi-manufactured products, and a large part of its 
industrial equipment is of German origin and must rely 
upon German industry for replacement In addition, 

Germany was a principal customer of the Rhine fleet, 

and German goods moved through Dutch seaports The 

Anglo-American Zone of Germany has recently taken 
steps to alleviate tlys situation. Among other measures, 
trade agreements have been signed between The Nether¬ 

lands and the U $ -U K. Zone, and at least a million 
tons of German exports are slated to move through 

Dutch ports to overseas destinations 

THE NETHERLANDS’ STATISTICS 

No of People Employed (1st Quarter, 1947) 694,610 

No of Industrial Workers (June, 1947) 599,600 
ToUl Numlicr of Industrial Establishments 9,788 
Average Annual Income of Industrial Work¬ 

men (IJ 5 Cy) $8-900 
Total f-apital Invested in All Industry (II $ 

Cv) $28 billion 
Railroads, miles, 1947 2,020 
Highways, miles, 1947 1566 

Anothci obstacle to recovery has been the disturbed 
conditions in the Netherlands Indies At least 1/6 of 

pre-war trade was with the Indies. 

Netherlands' reconstruction has been planned to only 
a limned degree No specific pniduction goals have been 

set I he government, however, has indicated that indus- 
tnali/ation will proceed along two general lines. One 
includes the production of more capital equipment, for 

which there will apparently be a considerable world de¬ 

mand for many years The second involves increased 

output of high-quality consumer goods The program is 
being assisted by a research effort to determine what 
types of capital equipment and consumer goods can be 

most efficiently produced by The Netherlands' economy, 
Foi the most part, further industrialization of The Neth¬ 
erlands will be in the hands of private enterprise Gov¬ 
ernment’s role IS chiefly that of sanctioning new develop¬ 

ments and assisting the execution of plans. 

Mechanization of agriculture is high on the list of 
Dutch post-war projects New machinery is being ob¬ 
tained, particularly tractors and tractor-drawn imple¬ 

ments The size of the average farm is being increased 
through a government-sponsored re-alIcKation of land 
between farmers and the relocation of farmers in new 
areas of production The government is also fostering 

the cooperative use of farm machinery, since the in¬ 
dividual farmer is generally unable to afford modem 
equipment 

The Dutch Central Planning Office has made a fore¬ 
cast of the balance of payments for the period 1947-52 

In making these estimates, many uncertainties have been 
admitted, so that they should be regarded only as a 

STATISTICS ON SELECTED INDUSTRIES 

No of 
Establish¬ 

ments 
No of 

Employed 

Value of Value of 
Export^ Import^ 

(Millions oft) 

Chemical and Allied Industries 401 39555 49 8 110 3 
Cement Mills and Rock Product In¬ 

dustries , 625 32,834 39 22.5 
Food Processing Industries , 1.489 85,816 79.6 685 
Metellurgical and Metal Working In¬ 

dustries ... lOI 17,767 945 354 6 
Electric Power Generation. 178 — • _» 
Pulp and Paper Industries . . . 219 17570 11.9 19.5 
Textiles ... . 578 74,427 606 638 
Odiera _____ » . m .. 6575 154.4 5035 

> jru.-S«jit., !»47 * Not svsiUble. 
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rough guide to the future These plans envisage a deficit 
on international account until 1950, with favorable bal¬ 
ances of rising magnitude thereafter. Income from ship¬ 

ping. for instance, is scheduled to rise more than three¬ 
fold above 1938 by the end of 1948, and to continue at 

that level Exports are to follow a generally rising curve, 
doubling between 1947 and 1948, and increasing an addi¬ 
tional 50 per cent more by 1952 Imports, which today 

are at a high level, are due to rise about 40 per cent by 

1950 

During the next few years no income is expected from 
the capital invested in the Indies before the war, due 

to the reconstruction effort still required there. Trade 

with the Indies is gradually getting under way, having 
until recently been almost entirely halted 

A clue to the pattern of Dutch reconstruction may be 

gained from the allocation of funds obtained from the 

International Bank for Reconstruction and Develop¬ 

ment The 195 million dollar credit will be expended 

as follows machinery and tools, with a small part for 

steelworkers’ housing, 93 million dollars; transportation 

and commerce (trucks, shipyard and railway equipment), 

56 5 million dollars—of which 45 million dollars will be 
for purchase of U S ships, agricultural projects, chiefly 

machinery, 29 million dollars, and public works projects 

(timber, steel, and cement), 16 5 million dollars 

NOR WAY 

For centuries Norway has been heavily dependent 

upon the outside world With heavy export surpluses in 
some fields of production, it has placed equally heavy 

reliance upon compensating imports There are large 

export surpluses from the fishing and whaling industries, 
paper and pulp, certain ores and minerals, and in a 

limited degree from the electro-chemical and electro¬ 

metallurgical industries Besides, shipping services to the 

rest of the world play a crucial role in Norwegian 

economy. The merchant fleet before the war was the 
world’s fourth largest, and Norway’s merchant tonnage 

was much larger per capita than that of any other 
country Only about 15 per cent of its tonnage, which 

amounted to about five millibn tons, was engaged in 

ti'ansport services for the home country, the rest was 
engaged in carrying the goods of other nations. 

In other fields, Norway had a considerable deficit, 
requiring imports of machinery and equipment of many 

kinds, oil, coal, iron and steel products, chemicals and 
other raw materials Norvray also imported about 80 per 

cent of the cereals required for human consumption and 
much of the fodder needed for farm animals It im¬ 

ported pho^hates and potash fertilizers. 

’The pre-war balance of trade showed a constant de¬ 
ficit which was made up by “invisible” exports, chiefly 

shipping services Sweden, the United Kingdom, and 
Germany were Norway's leading trade partners. Between 

them they supplied 46 per cent of imports and took 49 
per cent of exports in 1938. 

The Norwepan economy suffered severe dislocations as 

a result of the German occupation 'The country was 

isolated from its normal foreign suppliers and an effort 
was made to orient the economy to a German-dominated 

Europe Economic activity was maintained at a high 
level, but productivity decreased in all fields. 

Some Norwegian industrial installations were de¬ 
stroyed during the war by sabotage and by Allied bomb¬ 

ings Some were destroyed during the German invasion, 

and most of the northern industries (chiefly fish conserv¬ 
ing plants) were wrecked before the German withdrawal 

in 1944 Although Norway cannot be said to have lost 
heavily from destruction, the total depreciation of indus¬ 

trial plants in the war years is estimated at 35 per cent. 
Coupled with losses of livestock, personal effects, com- 

munuations, and other assets, the total cost has been 

set at about 1 333 billion dollars of the 1939 value. 

Norway lost more than half its ship tonnage during 

the war In 1939 the merchant fleet amounted to 4,- 

846.000 gross tons In May. 1945, the fleet had only 2,- 
727,000 tons Toward the end of 1947, newly built or 

acquired tonnage raised the total to 3,700,000 tons At 

least 2 million tons more are under construction or on 

order in Norwegian yards, in Sweden, Denmark, and the 

United Kingdom By 1950 the fleet is expected to reach 

or pass Its pre-war level 

Industrial production in Norway has recovered rapidly, 

reaching the 1938 level of activity in the spring of 1946 

However, the present economy is beset with problems 
arising from a shortage of manpower, particularly skilled 

workers, and an inability to obtain adequate supplies 

of imported goods, both manufactured and primary 

products The general goal for country, as set forth by 
the government, is to raise the national income to the 

pre-war level by 1950 Large capital investments will be 

required to compensate for war losses An official esti¬ 
mate of the amount and distribution of investments to 

be made by 1950 follows, based upon the value of the 

crovm in 1939 Conversions to dollars are made in the 

following table according to the exchange value of 4 3 

crowns to the dollars. 

Merchant shipping . . |200 million 
Whaling . .. 17.5 “ 
Land transport ... 46 " 
Fishing boats and equipment 30 
Construction and machinery in 

manufacturing industries 115 ” 
Stockpiling for industry 90 ” 
Stodipiiing for distribution. ... 75 " 
Increasing agricultural stocks 30 " 

Detailed industrial development plans have not been 
formulated, but a further increase in industrial capac¬ 

ity is generally planned where new undertakings can be 
established on a sound ecoiumaic basis. Most of the 

planning for new industries remains in private hands, 

but the government can influence development by (a) 

supervision of import licenses; (b) rationing of buUding 

materials; and (c) granting of federal loans and guar¬ 
antees to new industties requiring sudh assuttnoe. ‘The 

government has the power to control investment, hut 

hu so far restricted its use to directing investaaent «o 

jwojectt of fin enential and noo-dupliditiifg mttnre. the 
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most imponant industrial developments planned to date 
include: 

(a) An iron and steel mill, which will be based on 

domestic ore and electricity, and which is planned 

to cover most of the country’s needs for iron and 
steel products At present, all such goods must be 

imported. The new mill is being financed by the 
Norwegian government but will operate as a 
commeraal corporation. 

(b) A large aluminum plant, started during the war, 
IS being completed in western Norway 

(c) The capacity of Norwegian shipyards is being ex¬ 

panded to reduce the country’s reliance upon 

Paper mill oi the Bwiewrard Coipwallaa ol Sambeif. Nerwar. 
FoMl«B*n or* aol paimMed to held ihaim la this eoacara 
whUh tdao ewaa paper aiUla la Aaslria Eaglaad oad Bwadea, 

Power tlollea el the Neiak Hydro CetpoialleB's ehoia ea 
SklaB Blvor. Oae el 94 hydro ploali oleag river, U produces 

IIAOO hw for ehomleal oad aMtoUiirqloal ladaslrlae. 

foreign builders This expansion will not com¬ 

pletely satisfy the country’s needs, however Gov¬ 
ernment assistance will be extended to finance the 

new yards. 

(d) The spinning capacity of the Norwegian textile 
industry is being expanded to enable the spin¬ 
ning section to more nearly meet the needs of 
the weaving mills At present a large part of the 

industry’s yarn requirements are imported. 

Hydroelectric power will also be further developed 
to support the expanded needs of industry and home 

consumers 

Norway is unable to meet all of the demands for 
capital from its own resources and will depend upon 
foreign loans to achieve the goal set for 1950 But the 
country is considered a good risk, and has already ob¬ 

tained Urge credits from abroad and is less concerned 
with Its adverse balance of payments than most other 

European countries. 

Foreign trade has been resumed on a wide pattern, 

chiefly through bilateral agreements with European 
countries In 1945 Norwegian imports were valued at 392 

million dollars, and exports at 242 million dollars At 

about mid-year the value of 1947 imports was officially 
estimated at 494 million, and exports at 815 million 

dollars 

Norway obtained a 50 million dollar loan from the 
Export-Import Bank, of which less than 10 million dol¬ 

lars had been expended by the end of 1947. Other credits 
obtained by Norway included 10 million dollan from 

the U S for the purchase of war surpluses, 16 million 
dollars from the Maritime Commission to buy ships; 
15 million dollars from commeraal banks in the U S,; 

and a private bond issue of 10 million dollars floated 
in the United States The Canadian government granted 
a credit of SO million dollars, still only partly used The 

Netherlands, Swiuerland, and Sweden have also supplied 
funds to Norway The Swedish credit is valued at about 
80 million dollars 

NORWEGIAN STATISTICS 

1947 

Number of people employed in 
try*, 1945 

Kwh produced* 
Trade, 1946 

Imports 

Industrial Produrtion, May, 1946' 
(Index: 1938 = 100) 

General Index . 
Export Industries 

Mining and Electro-metallurgy 
Chemical and Electro-chemicals 
Paper and Pulp 

Mechanical and Metallurgical 

indus- 
280,000 

9852,000,000 

$393,000,000 
$242,000,000 

1945 1946* 
69 104 
45 68 
20 so 
77 99 

.38 63 
.102 149 

* Incindet mining and construction 
* PowerhooMs with cspseitjr of more than 1,000 Kw, and lo- 
clnding production of establuiunents generating their own 

* Latest month, May. 
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SOVIET UNION 

War Damage to the Soviet Union was officially set at 

more than 128 billion dollars Dollar value is actually of 

little importance in evaluating the significance of war 
destruction in the Soviet Union The rate of Soviet 

economic recovery and development must be measured 

against the physical losses sustained during the war and 
the long occupation of productive industrial and farming 

areas by Germany. 

More than 1,700 cities and 70,000 villages and hamlets 

were partially or completely destroyed .Six million build¬ 

ings were razed, depriving 25 million persons of a plate 

to live The major industrial centers of Stalingrad, Lenin¬ 
grad, Sevastopol, Kiev, Minsk, Odessa, Smolensk, Nov¬ 

gorod, Pskov, Orel, Kharkov, Rostov, and Vornezh were 

wrecked. Some of them, like Stalingrad, were almost com¬ 

pletely leveled About .81,000 industrial enterprises were 

damaged or destroyed It has been estimated that the Ger¬ 
mans wrecked or removed 289,000 electric motors and 

175,000 lathes Sixty large power stations, which pro¬ 

duced 5 million kwh annually before the war, were 
wrecked 

Communications in the area held by Germany were 

virtually eliminated It has been claimed that more than 

40,000 miles of railroad right of way were wrecked The 

Germans used a machine to np up ties and rails as they 

retreated Some 4,100 stations, 36,000 telegraph offices, 

telephone exchanges and other communication facilities 
were destroyed 50,000 miles of roads were blasted by 

mines and 90,000 bridges, large and small, were removed 

or damaged Farmers lost 7 million horses, 17 million 
head of cattle. 20 million hogs, 27 million sheep and 
goats, and over 100 million farm fowl. 

These figures do not include the loss of manpower, 
which has been variously estimated at between 8 and 7 

million (not counting civilian deaths and the effect of a 

lowered birth rate on the population) Soviet industry 
and workers emerged from the war much weakened 

Reconstruction followed the retreating Germany army, 
but at the end of the war the immensity of the task had 
only been partially begun. Consequently, the Fourth 

Five-Year Plan has been outlined "for the restoration 

and development of the national economy, 1946-50.” 

The aim of the plan is to bring agriculture and in¬ 

dustry to the pre-war level by about 1949 and then to 
surpass it by a substantial margin Output in 1950 is to 

be 48 per cent above the 1940 level. This will mean 

restoring the industry of devastated areas to or near the 

pre-war level and continuing the expansion of produc¬ 

tion in the Urals, the Kuznetsk area, and on the Volga. 

The present plan replaces the Fifteen-Year Plan, which 

was being prepared when the war in Europe diverted all 
Soviet resources to war production Long-term goals, now 

set for 1960, have been specified by Soviet planners as 
follows; 50 million tons of pig iron; 60 million tons of 

steel; 500 million tons of coal; and up to 60 million tons 
of oil. 

The majw goals of the present plan are given in the 
following table: 

PRODUCTION PLAN FOR 1950 

Item Unit Volume 

Pig iron million metric tons 19.5 
Steel million metric tons 254 
Machinery and steel 

manufactures billion 1926-7 rubles 97.0 
Coal million metric tons 2500 
Petroleum million metric tons 35 4 
Aluminum thousand metric tons 100 
Copper thousand metric tons 266 
Autos and trucks thousands 500 
Tractors thousands 112 
Paper thousand metric tons 1,340 
Cotton (raw) million metric tons 31 

Source State Planning CommiMion 

More detailed figures on the 1950 goals for .Soviet in¬ 
dustry and pre-war production aib included in one of 

the tables below 
At the enti ol the first year of the Fourth Five-Year 

Plan, It was announced that targets had been reached 

and surpassed in some branches of industry, but that 
several tritital seitors had fallen short of the goal 

Heavy industry in general, and chemicals, textiles, and 

coal and oil production surpassed the goals The worst 

showing was made by agricultural machine building 

plants and transport equipment producers 

Towanl the end of 1947 it was apparent that excellent 

harvests, an increase in foreign tracle, the movement of 

reparations from Germany, and better organization of 

the reconstruction effort were contributing to a rapid 

achievement of goals It has been reported that the 

famous slogan of the first Five-Year Plan, “Five Years in 
Four,” may be revived in an attempt to complete the 

present plan by 1949, instead of 1950. 

Some measure of the progress achieved in 1946 may be 
gained from official reports that six blast furnaces, 18 

open-hearth furnaces, nine rolling mills, one blooming 

mill, 11 coking batteries, and 117 power station turbines 

(including two of 100,000 kva capacity) were built, or 

restored, and put into production. The White Sea-Baltic 

Canal was reopened to traffic Some 300,000 spindles were 

added to textile mills Daily capacity of sugar mills was 

raised 10,000 tons. With rapid demobilization, 8 million 

workers were added to employment rolls. 

In 1947 the country reached and passed the 166 mil¬ 

lion ton level of coal production which was set in 1940. 
Steel production is scheduled to increase by nearly 3 mil¬ 

lion tons, and pig iron by more than 2 million tons. New 

power stations will add 2,000,000 kva capacity. 

Expansion of consumer goods production and good 
harvesu resulted in a lowering of retail prices several 

umes during 1947, and rationing was abandoned by the 
end of the year. An indication of the favorable food 

position was provided by a doubling of the amount of 

grain to be supplied to Gaechoslovidua under a bilateral 

agreement (from 200.600 to 400,000 tons) and the agree* 

ment to su{^y the United Kingdom wifo 750fi00> tons of ' 

cattle feed. The Czedu riso obtained 200,000 fow of 
autle feed. 

FoUoadng tbe defeat o| ^Hfeaajtty ki dte fithfen... 
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STATISTICS ON THE SOVIET UNION 

GOALS OF THE FOURTH HVE-YEAR PLAN, 
1947-50 

(Alt tons are metnr) 

I9S0 

Latest Reported 
Production 

mo 

Iron (tons) 19500,000 14,900,000 
Steel (tons) 25,400.000 18,400,000 
Rolled steel (tons) 17,800.000 12,800,000 

Coal (tons) 250,000,000 164,600,000 
Oil (tons) 
Gas (from coal and shale) (cu ft) 

35,400,0001 
67,096500,0001 34,300,000 tons* 

Natural gas (cu ft) 
Electric energy (kwh) 

296,637.600,00oj 
82,000,000,000 47,000,000,000* 

Locomotives, trunkline zm 1,626" 
Diesel locomotives 300 n a. 
Electric locomotives 220 n a. 
Freight cars (two axle) 146,000 49,000" 
Passenger cars 2,600 n a 

Trucks 428,000 184,400 
Passenger cars 65500 n a 
Busses 6.400 n a 

Metallurgical equipment (tons) 102,000 n a 
Turbines, steam (kw) 2,906,000 n a 
Hydro turbines, large (kw) 372,000 n a 
Hydro turbines, medium (kw) 150,000 
Hydro turbines, small (kw) 500,000 n a. 
Motors, 100 kw and less 624,000 n a 
Motors, more than 100 kw 9,000 n a 
Machine tools, metal cutting 74,000 53,900 
Spinning machines (spindles) 1,400,000 
Weaving looms 25,000 n a 
Tractors 112,000 80,300* 
Tractor plows 110,000 n a 
Tractor cultivators 82,300 n a 
Tractor-drawn seeders 83,300 n a 
Threshers, multiplex 18,300 n a 

Caustic soda (tons) 390,000 n a 
Calcium soda (tons) 800,000 
FertiliKrs (tons) 5,100,000 n a 
Ssnthetic dyes 43,000 n a. 

Felled timber (cu ft) 9587,920,000 n a. 

Sawed lumber (cu ft) 1,377,246,000 n. a 
Cement (tons) . . 10,500,000 n.a 
Slate (sheets) . „ . . 410,000,000 
Window panes (sq ft) 861.120,000 n. a 

C«tton cloth (linear meters) . . 4586,000.000 3,491500.000* 
Wool cloth (linear meters) .... 159.400,000 114,000500" 
Leather shoes (pairs) . . . 240,000,000 164500.000" 
Rubber shoes (pairs) . 88500,000 n.a. 
Hosiery (pairs) 580,000.000 440,000,000" 

Meat (tons) . 1,300,000 3507500,000" 
Butter, dairy (tons) 275500 n.a. 
Vegetable fats (tons) . 880,000 495500" 
Fish (tons) . 2500,000 1,560.000" 
Sugar (tons) .. 2.400500 n.a. 
Flour (tons) ..... 19,000,000 n.a. 
Alcohol spiriu (gal) . 266583,440 n.a. 
Soap (tons) .. mm n.a. 

n. ft.—Not ftvftilftUc. 'ISW 
* Fre-w»r date combined oil and Cftft produetioD. fh* latUr bar- ■ 1938 

ing been eoneened to tonnage Sgum • 1*37. 
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Union resumed trade in Europe through the medium of 
bilateral agreements, usually specifying the exact type 
and quantity of goods to be exchanged. Trade with some 

24 countries is covered by these agreements, which are 
of varying duration The latest arrangement with Czecho¬ 

slovakia, for instance, concluded in December, 1947, 
covers a five-year period and trade amounting annually 
to about 100 million dollars in each direction From tbe 

details available on agreements with eastern European 
countries, it is apparent that the Soviet Union, normally 

an unimportant factor in the trade of that area, has as¬ 
sumed a role quantitatively more important than that 

played by Germany before the war. 

Because the Soviet government exercises absolute con¬ 
trol over its foreign trade, it is impossible to estimate the 
seriousness of its balance of payments problem The 

country settles adverse balances in gold and regulates m 
commerce in keeping with its exporting ability Never¬ 
theless. the USSR has obtained foreign credits from 

the United States, Canada, and Sweden since the end 
of the war The Lend-Lease settlement rredit from the 

U S. amounted to 242 million dollars Canada granted 

a 3 million dollar rredit The Government of Sweden 
advanced 278 million dollars The Soviet Union is a 
creditor nation in relation to some of its neighbors as a 
result of a 29 million dollars gold loan (to Poland), 

relief shipments of food over and above trade agree¬ 
ment commitments, and through waiving or postponing 
of reparations deliveries 

Number of workers employed, 1947* 31,600,000 

Aveiage annual income of industrial 
workers 

1937 (rubles)' 3,057 

Plan, 1950 (rubles)* 6,000 

Iron and steel production. 1940 

Fig iron (metric tons) 14,900,000 

Steel (metric tons) 18,400,000 

Railroads fmiles), 1940 62,150 

Waterways, 1937 (miles) 63,480 

Airlines. 1940 (miles) 87.600 

Kwh produced, 1946* 47,000.000,000 

‘ Including wngc nrners and Mlancd employees 
• ‘'Coniiderably ibove tbe 1940 leeel," according to the Plan 

decree 
'Reconstruction had restored production nearly to the 1940 

level of 48 billion Kwh 

SWEDEN 

Sweden's industry at the end of 1947 was in a strong 
position, but it was also faced with difficult problems 
arising from the threat of inflation in the country and 

from inability to obtain adequate supplies of essential 

materials. As a neutral during the war, Sweden had been 

cut off from normal sources of supply and entered the 
post-war wotld with a large backlog of demand for im¬ 
pests of all kinds. After years of curtailment, domestic 

indnsiry was ready tor a rapid expansion of activity that 

hat been hampered by continuing shoruges. 

During the first years after the war, capital invest¬ 
ments rose to a higher level than ever before. Many new 
industrial plants were built, and housing construction 

reached record figures While many foodstuffs remained 

strictly rationed, the consumption of such goods as iron 

and steel, lumber and pajier attained new highs Imports 
increased rapidly, and while the bulk was made up of 
vitally needed commodities, less essential articles were 
also imported m large quantities Sweden needs about 

10 million tons of coal and coke annually, but during 
the first post-war years was able to fill only about one- 
half of Its requirements The export siutation, on the 
other hand, was even more unfavorable. Such Swedish 

staples as cellulose, lumber, paper, and quality steels 
were in great demand, but Sweden’s export capacity in 
these fields was smaller than it had been before the war. 

One reason was the increase in domestic consumption, 
and another the shortage of fuel, certain important raw 

materials and manpower In the fall of 1947, it was esti¬ 
mated that the Swedish industry needed about 50,000 

more workers. 

While Sweden had entered the post-war era in an 

optimistic mcKid. the country was confronted with a 
serious crisis two years later The lack of balance in its 

foreign trade had grown steadily, and the most critical 
aspect was an imbalance in trade with the United States, 

which in 1947 resulted in Swedish import surplus of 
nearly 300 million dollars Sweden simply was not able 
to continue to import American goods on such a scale, 

and in the fall of 1947 severe import restrictions were 

being enforced Sweden’s reserves of dollars, which in 
1946 had been very satisfactory, are practically exhausted. 

The necessity for drastic curtailment in imports natu¬ 
rally has made the inflation problem seem more compli¬ 

cated than before It is true that price increases during 

the last year have been smaller in Sweden than in the 

U S, but the threat of inflation obviously has not yet 

been staved off Not only will the supply of goods de¬ 

crease this year, but the supply of money or the pur¬ 

chasing power will increase, a result of increased old age 

pensions, newly established rash allowances for children 

of school age. tax reduction for the majority of the 

people, etc 

The government has tried to meet the crisis not only 

by enforcing severe import restrictions, but also by other 

regulations, destined to reduce capital investments or 

domestic consumption, and to increase Sweden’s export 

rapacity The construction of factories as well as hous¬ 

ing. will be considerably lower this year than in 1947 and 

1946 Motor traific has been severely restricted in order 

to conserve gasoline, oil, tires, and other accessories. 

Paper has been drastically rationed, and the quantities 

thus saved will be exported. The vital importance of 

increasing production, and especially the production of 

exportable goods, has been stres.sed in Sweden recently, 

but It seems uncertain whether total industrial output 

can be maintained at the present relatively high level. 

In August, 1947, the Swedish industrial production in¬ 

dex, which is based on 1935 as 100, stood at 129. This 
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was 2 points lower than the record high reached in July, 
1947, and 3 points more than in August, 1939, just before 

the outbreak of war. 

The granting of further credits has been definitely 

ruled out by Swedish authorities Most of the credits 
granted have been used, the only important exception 
being the credit to Russia It was in the fall of 1946 
that the Swedish government granted Russia a credit 
of about 280 million dollars, to be used during a period 

of 5-6 years When the agreement was signed, it was 
foreseen that Swedish deliveries would be concentrated 

at the end of the period, in 1947 they had only started on 
a very small scale Sweden's industrial difficulties, the full 

scope of which was revealed in the fall of 1947, made it 
seem very doubtful whether the country would be able 
to effectuate the shipments even according to this sched¬ 
ule The Swedish Prime Minister declared that it was 

obvious that the deliveries, to an even greater extent 

than was at first anticipated, would have to be con 
centrated at the end of the 5-6-year period He added, 

"Should the present difficulties remain or increase, or 

new difficulties arise which make it impossible to effec¬ 

tuate deliveries to the extent foreseen in the agreement, 
then Russia's utilization of the credits will automatically 
be reduced to a corresponding degree " The agreement, 

in other words, is so constructed that the size of the 
credits will depend on the ability of Swedish industry to 
deliver goods 

Sweden's industrial difficulties, which are closely con¬ 
nected with the international dollar shortage, should be 

temporary They do not affect the foundation of iw 
industry For a small country, Swedish natural resources 

are varied and comparatively well balanced. They have 
been adequate to make Sweden one of the most highly 

industrialized countries in the world, with about 40 per 

cent of the population earning its living from industry 
and another M per cent from commerce and trans¬ 
portation. 

From an industrial point of view, Sweden's most im¬ 
portant natural resources are its forests, iron mines and 
water jxiwer The country's total supply of timber is 

estimated at 50,000 million cubic feet, mostly of a high 
quality The spruce and pine trees grow slowly, forming 

a firm, long-fibred wood which is ideally suited for the 
cellulose industry. Vast saw mill and cellulose industries 

are based on Sweden's forest wealth. Chemical research 
is opening up new perspectives for the industrial ex¬ 
ploitation of wood. 

Calculated by the actual iron content, the mining dis¬ 

trict in the extreme north of Sweden ranks .as the third 

largest iron-ore producing region in the world. Up to 10 
million tons have been extracted yearly. There are also 

some high-grade mines in the centrid part of the country. 

The total amount of available water power is esu- 

mated at a minimum of 6.5 million kw, corresponding 

to a potential annual production of 82.500 kwh. For a 
decade and a half new planu have been built and put 

into use almost every year, to that production capacity 

has now been raised to about 14.000 minitm kwh. About 

80 per cent it used for industrial purposes. The import¬ 

ance of electricity to Swedish industry was tiever more 

Employed in industry, 1945 758,456 

Industrial establishmenu, 1945 22.071 

Average annual income of industrial work 
men, 1946 $1,166‘ 

Iron and steel production, 1946 
Ingots .. 1,323,000 

(tons) 

Rolled 937,000 
(tons) 

Railroads. 1946 (miles) 10,383 

Paved and surfaced highways, 1944 (miles). 65,000 

Kwh produced, 1946 14 billion 

Telephones, 1946 1340,000 

Irade, 1946 
Imports $195 million 

Exports 260 

PRINCIPAL MANUFACTURES AND VALUE OF 

PRODUCTION-1945 

(In Millions oit) 

Machine shops and foundries $372 

Dames 245 

Iron and steel works 150 

Meat packing 140 

Confectionery 114 

Power stations 107 

Pulp mills 103 

Saw mills 103 

dearly demonstrated than during the Second World War 

and the past several years, when a shortage of coal con¬ 
stituted one of the country’s major worries. In 1947, how¬ 

ever, a prolonged drought resulted in a shortage of water 

power, and electricity had to be strictly rationed This 
year and in 1949, the annual capacity will be increased 

by a total of nearly 9,000 million kwh. 

In comparison with its size and population, as well as 
Its natural resources, Sweden has a remarkably large in¬ 

dustrial activity based primarily on technical ability and 

intelligent organization. Both coal and most grades of 

ordinary iron and steel are more expensive in Sweden 
than in the large industrial countries. Yet Sweden has a 

vast number of industries making tools, machines and 

apparatus of various kinds which have been able to hold 
their own in world competition. Swedish telephones, 

cream separators, ball bearings, vacuum cleaners, beacons 
and light-buoys, kerosene stoves, measuring instruments, 

etc, are internationally known. All of them are the 
work of Swedish inventors, or owe at least part of their 

development to them. Other producu of the Swedish 

engineering industry rai^ from watdi-springs to ocean 
liners, and from surgical instrumenu to laig^ale elec¬ 
tric generators. 

The Swedish diijidiuilding industry has an annual pro¬ 
duction capacity of about SOQXlOb gross tmu, and in 1^ 

Sweden built more ships thstn any edMe eonnary except 

Great Britain. Most Siseditli sMpyi^ are booi^ 

to at least 1950, wfiidi is typical «f ^ filOM 4 ^ 
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DATA ON SELECTED INDUSTRIES 

1945 

Number of Number Value of Production* 
Eslabltshments Employed (Millions of f) 

Chemical and allied industries 893 22,857 203 

C.einent mills and stone products’ 857 16,443 48 

Food processing 4.883 66,865 857 

Metallurgical industries 5,517 292,593 859 

Electric power generation 876 12,070 107 

Pulp and paper industries-’ U80 75335 320 

Textiles* 1.347 98,966 341 

Others* 6,418 165,826 492 

country’s whole metalworking industry Norwegian own¬ 

ers have ordered a total of about 750,000 grow tons from 
Swedish yards, which largely depend on imports for their 

supply of iron While Sweden exports high-grade steels, 
it imports about 300-400 thousand tons of mass-produced 

iron a year Before the war most of it came from Ger¬ 

many, but Sweden now looks to the United States for 

an important part of this quantity 
In the field of industry, as in many other spheres, 

Sweden represents an interesting combination of ancient 

and modern The country boasts, for example, "the oldest 
incor|)orated company in the world," Stora Kopparberg 

It was founded in the 13th century tor the exploitation 

of the famous Falun topper mine, and today it is one of 
Sweden's leading steel and forestry concerns During the 

18th century, Sweden was the world's largest producer 
and exporter of iroir According to international stand¬ 

ards, Its production capacity today is small, but Swediidi 
iron and steel is still sold all over the world 

In the Swedish manufacturing industry, the average 

number of employees per establishment is only SO, ow- 
pared with 40 in 1913 Production efficiency in small in¬ 

dustries, as measured by output per worker, compares 
favorably with larger organirations In many paits of 

Sweden small industry forms the economic backbone of 
small population centers It predominates in seseral lines, 

such as furniture manufacture, tools, and cutlery Lately, 

small industrial firms have grown in importance as sub¬ 
contractors The Volvo Company in Gothenburg, for 

instance, Sweden's largest automobile manufacturer, is 

essentially an assembly plant, obtaining its parts from 
about 250 small manufacturers and workshops all over 

the country. 
Approximately 95 per cent of the Swedish manufac¬ 

turing industry is privately owned, the rest being about 

equally divided between the government and the co¬ 

operative movement. The most imporunt recent govern¬ 
ment venture in this field is an iron works in the north 

of Sweden, which was built during the war and whose 

capacity is now being expanded. It wUl increase Sweden’s 

output of ccmunercial iron considerably. Most of the 
country’s public utilities are public in every sense of 

the word. 

SWITZERLAND 

Switrerland escaped the worst effects of the war despite 

Its being completely surrounded by belligerent nations 
With a stable government, industry undamaged, effective 

rationing and price controls, a sound currency and great 

wealth, .Switzerland is a phenomenal island in a sea of 
instability and chaos. 

In the first years of peace, the major economic prob¬ 
lems have been symptomatic of Swiss industrial progress. 

With full employment, an acute shortage of skilled labor 

(estimated recently at 100,000 workers) resulted in the 
importation of some 50,000 workers in 1946 and even 
more in 1947 lake most European countries, Switzerland 
frequently felt the pinch of irregular and insufficient 

impiorts of raw materials and coal for industry. 

Switzerland lacks food, coal, ml, iron and other ma¬ 
terials to sustain itself and must rely upon imports for 

these goods It is, therefore, a major trading nation; as 
much as 90 per cent of many Swiss products is ex¬ 

ported Principal industrial products are watches, pre¬ 

cision instruments, machine tools, machinery, chemicals 
and textiles The emphasis in manufacturing is on work¬ 
manship and superior quality. 

Because of its internal economic and political stability, 
Switzerland has encountered few of the dislocations 
affecting most other countries in the early post-war 

years Strikes are rare, although the cost of living is nearly 
60 per cent above pre-war with about 40 per cent of the 

rise occurring before 1942. Oimpensating wage increases 
have pushed the index of wages and salaries even higher. 
The index stood at 164 at the end of 1946, when the coat 

of living index was at 154 as based on 1939 = 100. 

Shortly after the termination of hostilities, Swiuerland 

opened its borders to tourists and the revival of this im¬ 
portant industry has been rapid. More than 200,000 

United Sutes Army personnel visited Switzerland after 
the war. In 1946, the number of ordinary tourists sur¬ 

passed 100,000 and this figure wa« paralleled in 1947, 

The rapid resumption of trade was made possible by 
Switzerland’s central location in Europe, and by the 
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premium placed upon Swiss products by war-devasuted 

neighbors. By a cautious lending policy and strict regu¬ 
lation of trade, the impact of foreign demand has been 
controlled successfully. Swiss credits have amounted to 

about 250 million dollars and have stimulated and 
guided trade expansion More than 20 bilateral trade 

agreements are in operation governing Swiss trade in 
Europe. 

The principal foreign credits granted since the war 
include* 

France $700 million 

United Kingdom 60 0 " 

Netherlands 27 0 " 

Poland 10 5 “ 

Bclgo-Luxembourg 47 " 

CzechosUvakia 23 •• 

Noiway 12 " 

The volume of trade since the war has gradually ap¬ 
proached, and in 1946 and 1947 surpassed, the level of 
1938 The United States ranks first among Switrerland's 
trading partners 

The neutral position held by Switzerland during the 

war permitted a level of economic activity which was 
limited only by scarcities of raw materials. The shortage 
of coal resulted in an expansion of hydro-electric facil- 

UNION OF S< 

South Africa, cut off from normal imports, experienced 
a very substantial indusmal expansion during the war 

years. Production of war materials provided the needed 
impetus to industrial growth and advanced both the skill 
of the work force and the technical know-how of man- 
agcxncnt 

Most important developments occurred in the ma¬ 
chinery, food-processing, chemical, lumber, cement, and 

leather industries Two new rolling mills were imported 
from the United States to further the growth of the 

steel industry Steel capacity more than doubled De¬ 
pendent upon domestic production for many goods 

previously imported. South Africa reported that 364 new 
products were made for the first time at home. New 

plants were erected to make lactic acid, wax from sugar 
cane, cellulose adhesives, lacquer, acetone substitutes, 
glue, gelatin, and chrome salu. 

However. South Africa remains dependent upon for¬ 

eign suppliers for production equipment, and is com¬ 
peting in world markets to obtain the means of expand¬ 
ing its industrial capacity. 

During the war the government created the Indus¬ 

trial Development Corporation of South Africa, Ltd,, 
with a capital of 20 million dollars, "to give assistance 

and guidance in reorganizing, expanding and moderniz¬ 
ing existing industries ” By the end of 1945 the Corpora¬ 

tion had approved 12 industrial pro|ectt and had con¬ 
tributed funds totalling 4.75 million dollaia. 

Toward the end of the war, the goveranem embaAed 

SWITZERLAND STATISTICS 

Number of people employed In indus¬ 
try, 1945 . . 435,603 

Total number of industrial establish¬ 
ments, 1945 . 9336 

Railroads, 1945, miles 4,864 

Highways (miles), 1945 10200 

Telegraph System (miles of line), 1945 1.954,133 

Telephones, 1946 645,425 

Kwh produced, 1946* 8,352,000,000 

Foreign Trade (francs) 
Imports. 1945 1225,400.000 

1946 3,428200,000 

Exports, 1945 1,473,700,000 

1946 2.676,000,000 

■ties, and throughout the war production of power rose 
steadily — from 5,375 million kwh in 1938 to an estimated 
8,040 million kwh in 1947. 

< Gold reserves of Switzerland have risen so steadily that 
the government will no longer accept payment for ex¬ 

ports in gfild, except under rare and special circum¬ 
stances In 1938 the gold reserve amounted to 701 million 

dollars At the end of 1946 the total was I 430 billion 
dollars A decline of about 50 million dollars occurred 
during the first ten months of 1947 

JTH AFRICA 

upon a program of transport improvement, allocating 120 
million dollars for railway and harbor works in 1945 
alone Railway machine shops, nqs^ stations, improve¬ 
ment of track and telecommunications, and electrifica¬ 
tion of 266 miles of trade were undertaken The Post 
Office Department embarked upon a five-year extension 

of the country’s telephone system, at a cost of 7 million 
doRm. 

South Africa's steel industry will be enhanced by a 
new mill being built by Iscor near Pretoria. The new 

plant will boost annual output to at least 1 8 million 
tons. 

Housing has been neglected in the Union for some 
years Intensive plans for building include the construc¬ 
tion, over the next decade, of 180,000 homes for Euro¬ 

peans and 260,000 for non-Europeans. 

United States industry has recognized the importance 
of South African economy through extensive plans for 
branch-plant operations The Ford Motor Co is building 
a I 6 million itollar assembly plant on a 44-aae site near 

Port Elizabeth. General Motors has announced the in¬ 
tention of erecting a 4 million dollar plant. Goodyear 

has a new 1.3 million dollar plant. Firestone » expand¬ 
ing its present fadlities. Studebaker intends to build an 

as^bly plant capable of turning out 5,000 units an¬ 
nually. The Pepti-Cola Co. has announced plana fmr the 

construction of nx plants in the Union of StmA Africa, 
at a total cost of 1.2 aiillKH) dtdlan. One ot tbe$e i$ id- 

ready being conitrucied at Cape Tmro. 
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INDUSTRIAL CENSUS OF THE UNION OF 

SOUTH AFRICA - 19S8-89' 

No of Value of No, of 
Induetry Establishments Production Workers 

(Milium £SAf 

Food, dnnk, elc 2,191 
Metals, engineering 1,156 
Building and con 

tracting 990 
Chemicals, etc 31 
Clothing, textiles 1,080 
Heat, light, and 

power . 138 
Vehicles, etc 1,723 
Books, printing 476 
Stone, clay, etc 556 
Leather and lealher- 

47 7 47,400 
30 6 66,151 

15 7 88,677 
120 13,364 
113 31,005 

100 9309 
100 17,873 
8 0 13,872 
7.4 11,065 

59 14,107 



66 INTERNATIONAL INDUSTRY YEARBOOK 

UNITED STATES 

The war years witnessed an unprecedented expansion 
in the industrial capacity of the United States. American 

war plants provided munitions for allies in Europe and 

Asia, and for their own tremendous combat forces 
mobilized to fight two wars simultaneously at opposite 

ends of the world. The cost of the war to the United 
States exceeded 300 billion dollars World reconstruction 

IS dependent upon continued credits running to billions 

of dollars, and upon the production of American farms, 
mines, and factories. 

The gross national production rose from 97 billion dol¬ 

lars in 1940 to a peak of 199 billion dollars in 1946, 

government expenditures reached 97 billion dollars in 
1944: total compensation of employees more than 
doubled —from 52 billion dollars in 1940 to 116 billion 

dollars in 1944. 

The end of war prompted many predictions of eco¬ 

nomic depression arising from the task of adjusting out¬ 

put to peacetime levels In general, it can be reported 

that the adjustment was made more easily than ex¬ 

pected, partly because of the role which the United 
States has assumed in providing reconstruction aid to 

many parts of the world. 

The first full year of adjustment, 1946, witnessed only 
a slight drop in total national output: from 199 billion 
to 194 billion dollars. After a sharp drop in production, 

the trend moved steadily upward throughout the year 

Withdrawals of both a permanent and temporary nature 

shrank the labor force from abnormally high wartime 
levels so that unemployment was not a major problem 

The hig^ rate of personal savings accumulated in war¬ 

time enabled the flow of consumer goods to increase as 

output was expanded, despite the fact that abandonment 
of controls encouraged a steady rise in prices. With 
the ending of most controls in 1946, market forces had 

returned to their traditional role of guiding output and 

distributing both the factors of production and the prod¬ 
ucts of industry. 

At the beginning of 1946, businessmen proceeded upon 

the assumption that rising sales to the enlarged avslian 

population and increasing profits were ahead. This was 
evidenced equally by the aggressiveness with which 
capital exjienditure plans were pudied and the eagerness 

with which bidding proceeded for available goods. These 

expecutions, with only few exceptions, were realized. In 

the final months of the year, the culmination of the 

sellers* market was reached, with the sharpest mark-up of 
prices for any similar jieriod in history. 

Throughout the year, as earlier during the all-out war 

effort, underlying economic jsressures were on the side 
of demand. These pressures continued to find their 

source in the current and pent-up requirements of the 

civilian economy, but the pressures gradually lessened as 
they were no longer reinforced by the urgent needs of 
the fighting forces. Thus, die major problem of tnnsi- 

Uon continued to be one of production, but within the 

special setting and requirementt of reconversion. Tho in¬ 
sistent nature of demand gradually diministied as die in¬ 

creased flow of goods at higher prices quidtly cut the rate 

of savings from current incomes and caused a reappraisal 
by consumers of both their needs and ability to buy. 

When this point was reached, the impetus of the price 
advance was in large part lost. 

The year 1946 saw the reorganization of resources and 
the refilling of pipe lines to permit the resumption of 

production in industries formerly turning out munitions. 
The steady uptrend in this area was accompanied by the 

already high and, in many instances, still rising rates of 

output in other economic sectors less directly involved in 
reconversion tasks The result was an annual aggregate of 
production which, while considerably lower in physical 

terms than the production of war years, was nevertheless 

well above the output in the pre-war year 1941. 
While It is difficult to make any exact comparison with 

pre-war, the United States Department of Commerce esti¬ 

mated that the approximate increase in total real output 
was about 20 j>er cent above 1941. Production was better 

balanced in relation to consumer needs in 1941 Price 

increases raised the 1946 value of output to within 3 per 

cent of the 1945 total and 61 per cent more than in 1941 

After the sudden end of war in 1945, and the unex¬ 
pectedly sharp reduction in military procurement orders, 
the high level of consumer goods demand served to offset 

the sharp contraction of production on giivernment ac¬ 

count. By early 1946 it was jxissible for the expansionary 
forces to assume a dominant role in the economy Fur¬ 

ther cutbacks in government procurement after that date 
were more than offset by continued advances in other 

sectors. 
Non-agricultural employment advanced steadily and 

by the end of 1946 was 5 million larger than at the end 

of 1945 and 4 million above the 1945 war peak Monthly 
income payments also moved upward during 1946, ex¬ 

ceeding earlier highs. The rise in unemployment during 

the reconversion period was limited by the strength of 
the recuperative forces in the national economy and by 

the large-scale withdrawal from the labor force of war- 

inducted entrants, mostly women, but including a sub- 

stential number of veterans taking advantage of edu¬ 
cational benefits under the government’s aid program. In 

early 1946, for insunce, a toul of 2 5 to 3 million per¬ 

sons were reported without jobs and seeking work. At 
the same time the number of veterans temporarily delay¬ 

ing their return to work was about 1.5 million 
The fact that the economy was in a transitional stage 

was evidenced in production by the imbalance between 

output of finished goods and input of labor and raw 

materials in the durable goods industries. This imbalance 
was particularly marked while supply lines were being 

made ready for a steady flow of pans and sub-assemblies. 

Unu'l such preliminary activities had been completed, 
there could be only a trickle of finished goods from planu 
formerly engaged in war production. 

Hie input-output problem was not solved at the end of 

1946, and conunued to be an influence on the rhythm of 
production in 1947. Plant operaUom were interrupted by 

temporary dunt^es materiats or die uneven 'fibw nl 

conqsonentt. Auto p^its, lor, escampk, qlMd 

motors to the poUk became motor output tun idiead ik 

body production. , ‘ ^ 
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In 1946, the wave of labor-management dispute* was a 
repetition of the national scene after World War 1. 

Trouble began soon after V-J Day when cuts in ws^ 

earnings, following reduction in hours and shifts in 
employment, occasioned a widespread demand for gen¬ 

eral wage increases At this time the cost of lising was 
comparatively stabilized. Later, when prices were free to 

rise, a second wave of wage demands occurred. In 1946 

the stoppages in production affected wide areas of in¬ 
dustry Settlements resulted in a general upward adjust¬ 
ment of wages The outcome of the 1946 difficulties was a 
rise in average hourly earnings to 11 per cent above the 

war peak, reached in 1945, and a 4 per cent increase in 
average weekly earnings. 

The sweeping rise in prices after the end of controls 
outstripped the advance in wages Throughout 1947 the 

dangers of a rising wage-price spiral became of increasing 
concern to industry and government, with the return of 
controls being advocated in some quarters this year. 

The rate of business buying during the reconversion 

period was aggravated by a need for re-establishing inven¬ 

tories at all stages of production and distribution This 
need was not merely a consequence of bare shelves, 

empty stock bins and unhlled pipelines, which were a 
legacy of wartime shortages Large-scale inventory re¬ 

building was necessary by the reconverted industries 
whose stocks had become exhausted By the end of 1946 

the total book value of business inventories—in the hands 
of manufacturers, wholesalers and retailers—had risen to 

34 9 billion dollars, as compared with 26 4 billion dollars 
a year earlier Of course, a part of this increase reflected 

higher prices The market prop afforded by inventory 
building continued well into 1M7. 

The rate of business buying in 1946 was augmented 
by expanded outlays for plant and equipment purchases 
Pent-up demands were heavy in this field because of re¬ 

strictions on construction during the war and the diffi¬ 
culty in securing machinery not essential to munitions 

production Thus, business spending for these purposes 

climbed from an annual rate of 6 billion dollars in the 
second quarter of 1945 to 14 billion dollars in the final 

quarter of 1946. 

Clearest evidence of the combined strength of the de¬ 

mand forces in the economy was provided by the rapid 
rise in prices during 1946, particularly after the end of 
price controls. The full-year rise amounted to SO per cent 

at wholesale and 18 per cent in the consumers’ goods 

price index 

After a downturn in industrial activity during the first 
quarter of 1947, production began an uptrend. Toward 

the end of the year it was still rising even beyond the ex¬ 

pected increases resulting from seasonal factors. Freight 
traffic was above the seasonal level. Records of sales 
showed a steady rise after the summer slump. Production 

advances were widespread, although some p^uction was 

going into inventories which showed an accelerated rise 

after mid-tiitnmer. 

It seemed probable that the figure for gross national 

prodhct wohld reach a new high by the year’s aid; na¬ 
tional income was sure to top previons hij^ at a figure 

komtmhore arOtmd 300 bilQoa doUari. Covermnent ex¬ 

penditures continued to drop throughout 1947 toward a 
level only slightly above that of 1941 The index of in¬ 

dustrial production averaged 190 over the period of the 

first nine months (1935-39 = 100); coal production 

seemed likely to return to near its wartime peak As the 
year drew to an end the Department of Commerce pre¬ 
dicted boom conditions ahead in 1948, with the nation 
entering the new year with production at the rate of 225 

billion dollars a year The consensus of economists is 
that the boom will spend its force before the third quar¬ 
ter of 1948, although a leveling may begin during the 

second quarter 

During the second and third quarters of 1947 theliberal 

buying policies of business showed in inventory accumu¬ 
lations Department store buying rose in the third quar¬ 
ter and September was the largest order month in the 

year for manufai turers Prices were rising toward the end 
of the year, but more slowly Higher farm prices were 
reflected in rising farm income Urban income was rising 
with increased employment, and the cashing of terminal 

leave bonds by ex-seivice personnel reached its peak in 
September Residential construction was rising, although 

seasonally it should have started down before the end of 
the third quarter The trend of net foreign investment 

was downward The gross national product in the third 

quarter was down 3 billion dollars on an annual basis, 
but showed signs of rising toward the year’s end. Foreign 

needs for relief and rehabilitation continued high, and 
the European Recovery Program had not yet been ac¬ 

cepted as a part of the country’s program for European 
aid 

Unemployment dropped to 1,700,000 in October, in¬ 
dicating the advance in business activity This was the 

lowest unemployment figure in two years The number of 
persons on unemployment rolls dropped steadily from 

mid-ycar on Veteran and state programs registered a 
drop of 300,000 in mid-October from the previous month. 

The rise in the number of persons employed in civilian 
work to a figure in excess of 59 million in October, 1947, 

was a contra-seasonal development centered in non- 

agncultural industries This figure was 2.2 millions above 
the level at the same date in 1946 Agricultural employ¬ 

ment was unchanged from the year before The largest 

increment to the work force was in manufacturing, 
amounting to 160,000 between August and September. 

Toward the end of the year, wholesale prices were 
rising and food pricey continued strong. Commodities 
other than food and farm products moved up from week 

to week. Raw materials prices were strong, with in¬ 
creases in hides, raw cotton, wool tops, rubber, and steel 

scrap. In the period between May and October, com¬ 

modity indices surveyed by the Government showed a 

rise in 34 categories, a slump in 11 categories, with one 
remaining stable 

One of the few counta-expansionary developments 
late in the year was the trend in U. S. foreign trade. 

Recorded exports in September were about one-sixth 

below the average for the second quarter of 1947. The 

combined ^ect of a further decline in exportt and a 

rise of more than 10 million dollars in die value of im- 

pmrts in September reduced the excess of expora over 
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general imports to about 650 million dollars, the lowest 
figure since January, 1947 The excess had been between 
800 and 900 million dollars earlier in the year. 

The production pattern in 1947 was less uniform than 

in the earlier post-war period when the reconversion in¬ 
dustries were expanding output at a rapid rate and other 

industries were operating at near capacity During 1947 
major heavy goods industries—which still carry a sizeable 

backlog of unfilled orders—had often been hampered in 

expanding their operations by relative shortages of sup¬ 
ply at various points in the industrial process At the 
same time, output was reduced in some industries 

'Ihe explanation for the decline varies for different 
products In the case of shoes, textiles, wearing apparel, 

and alcoholic beverages, a reduction in the volume of 
consumption and the filling up of pipelines may be 

mentioned With respect to non-ferrous metals, the cur¬ 

tailment in deliveries of semi-finished products to fabri¬ 
cators reflects the heavy concentration of deliveries in 
late 1946 and early 1947, rather than a fall in consump¬ 

tion by fabricators In building materials, the flow has 
been at a very high level 

There were also periodic declines in 1947 in such 
manufacturing areas as autos, refrigerators, and railway 

equipment—where demand was high—as a result of sup¬ 

ply difficulties, particularly in raw materials. 

The shortages in raw materials is believed to reflect a 

characteristic of the peacetime consumption pattern In 
war the high input of labor and more extensive process¬ 

ing caused the index of total industrial production to 

outstrip the index of raw materials by a wide margin. 
Now these factors are about parallel since more materials, 
in relation to labor and prcKessing, are going into pro¬ 

duction Thus raw materials are a bottleneck, and it ap¬ 

pears that the post-war economy of the United States 
may require a greater quantity of raw materials than in 
wartime. 

Although steel output is just below the war peak, and 

at a record peacetime level, demand exceeds supply 

Total deliveries of finished steel products (47 million 
tons in the first nine months of 1947) indicate an annual 
total only a fraction below 1944 The full year total for 

1946 was 49 million tons 

Production in reconverted industries (durable con¬ 

sumer goods) declined in the second and third quarters 
of 1947 to produce the first reversal of the post-war up¬ 
trend Autos, refrigerators, radios (in decline for four 

quarters), auto tires, washing machines, water beaters, 
vacuum cleaners, and cooking stoves and ranges began 
to fall off in the last half of 1947 The tire industry was 

the first to satiate backlogs of consumer demand 

Transportation equipment production was still high 

- above pre-war levels - with the total number of freight 
cars being produced at a record level. The backlog of 

freight car export orders, however, was down from 50,000 

to 5,000 in the January to October period. The backlog 
of orders for the domestic market was 116,000 or equiva¬ 

lent to 15 months’ production at the September, 1947, 
rate. The industry produced 620 passenger railway can 

in the lint nine months of the year and with 5,000 can 

on order as of October 1. had a backlog aufficimt to keep 

going for more than three years at the present rate. 

In the first three quarters of 1947 capital invested in 
new plant and equipment was running ahead of esti¬ 

mates made by business In the second and third quarters 

investment was at the rate of 4 billion dollars a quarter. 

The anticipated total for the year was in excess of 15 
billion dollars, distributed as follows: 

(In Millions of $) 

Industry 
1946 

Investment 
1947 

(Estimated) 

Manufacturing 5,910 6.960 
Mining 560 650 
Railroads 570 1,040 
Other 1 ransportation 660 880 
Electricity and Gas Utilities 1.040 1.790 
Commercial and Misc 5,500 5,870 

Total 12,040 15,180 

During the first nine months of 1947, investment was 
actually 210 million dollars above business predictions, 

410 million dollars above in the second and third quar¬ 
ters, but 200 million dollars below in the first How much 

of the rise was due to increasing prices and costs is 

difficult to detennine, but must be considered a factor in 

the equation New machinery and equipment has ac¬ 

counted for 70 per cent of the total new investment, or 
10 6 billion dollars 

This high rate of capital expenditure is likely to con¬ 

tinue well into 1948. Analysis of the capital needs of the 
country runs contrary to the widely held belief of the 

1950’8 that the United States had reached economic ma¬ 
turity No estimates are available on the amount of capi¬ 

tal required to modernize the American industrial sys¬ 

tem, which IS valued at about 200 billion dollars at pre¬ 
war prices The Twentieth Century Fund has suggested 

that if as much as one-third of the plant should be 

replaced or at least rehabilitated, 100 billion dollars (at 

current prices) would be required. 

Other capital will be required to provide adequate and 
improved housing and to maintain public works By 

19M, It has been estimated, housing may require 115 

billion dollars. To modernize city streets and rural high¬ 
ways would cost 40 billion dollars over a 15-year period. 
With these estimates at hand, economists see little chance 

that needs will not be found for all the capital which 

may become available 

Capita] requirements for industry are greater today 

than at any previous time, and tlie backlog at the end 

of the war was set at 50 billion dollars At least 27 

billion dollars had been liquidated during 1946 and 1947, 
but new needs have arisen and new plans have been 

formulated. 

There is also a huge foreign demand for U. S. capital. 

The European Recovery Program sett the needs at more 
than 16 billion dollars, to be met by government. If 

foreign investment foUoim the proportion of die late 

1920's, the rate would be about IJ billion ctoDm a 

year. United States tmdpf inii«stowRts abroad wete epti- 

mated at about 14 bitUon dtdlanht " 
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A rising volume of foreign trade which will permit 

foreign nations to earn sufficient dollars to pay interest 
on American development funds constitutes a prere¬ 

quisite to a healthy rate of foreign investment The 

United States government has granted more than 10 
billion dollars in repayable loans since the end of the 
war to provide the basis for recovery and modernization 
of foreign economics, with a view to obtaining repay¬ 

ment in the years following 1950 or 1951 Some of the 
loans will be repaid over 30 or more years Repayment 

will be a constant sizeable drain on foreign dollar earn¬ 
ings to which will be added the transfer requirements of 

current and future private investments By 1947 the 
volume of world trade had grown rapidly toward the 
pre-war level, and should attain that level in most areas 
this year, surpassing it in some Continued high levels of 

industrial activity in the United States will raise its re¬ 

quirements for foreign raw materials and manufactures 
and be the most effective stimulant to an expanding 
world trade 

A further incentive to capital investment in the United 

States now and in the future will be the new methods, 

materials and products developed during the war or 
postponed as a result of wartime concentration on muni¬ 

tions production Some of the most important war de¬ 

velopments with peacetime applications include new 
chemical processes and products, including synthetic rub¬ 
ber, plastics, synthetic fibers and fabrics, new food prod¬ 
ucts and new methods of food processing, new uses for 

glass, plywood, and light metals, advances in aviation, 

and new industrial applications for atomic energy New 
industries will evolve from the further use and exploita¬ 
tion of these developments 

Business expenditures for plant and equipment con¬ 
tinue high, and this trend promises to continue through 
1948 .According to figures issued jointly by SEC and the 

Commerce Dept., it is antit ipated that American business 

will spend 4 1 billion dollars in plant and equipment the 
first quarter of this year. This is almost a billion more 
than during the corresponding quarter of 1947, and only 

340 million dollars less than for the fourth quarter of 

1947. 

DISTRIBUTION OF NON-AGRICULTURAL 

EMPLOYMENT 

1946 1947 

Manufacturing 15,035 15396 
Mining 884 893 
Construction 1.747 1.924 
Transportation and Public Util¬ 

ities 4,064 4,141 
1 rade 8,523 8,700 
Financial, Services, etc 5.990 6318 
Covet nmeiu 5,605 5,425 

Total 41,848 42,997 

V S Drpt of l,Ahor, Bur of Labor Statiatics 

UNI FED STA l ES STATISTICS 

Number of people employed in indus¬ 
try. 1947 15316,000 
Manufttctumg onl\, Mining tgi/m. Construction tjf3,ooo. 

Total non-agneullural employment 43-^Sf.o»o 
total niimlier of industrial establish¬ 

ments. 1939 1B43S0 
Tout capital invested in all industry, 

1947. (estimated) 
70,763 employed five or fewer workers 

Average annual income of industrial 
workers, Oct 1947 rate 

Iron and .Steel production, 1946 
Steel ingot and castings 

Railroads, 1944 (miles) 
.Surfaced Highways, 1941 (miles) 

streets and allt Ineludes 
the total 

Kwh produced, 1946 
Telephones, 1946 
Foreign Trade. 1946 

Exports, including re-exports 
Value of Lend-lease, included 

Imports, general 

$2,650 

66.364,000 tons 
227,335 

1,607,000 
for eit.noo mm of 

269344,000.000 
27,867,000 

The raw materials required by an expanding United 
States economy will encourage expanded domestic out¬ 
put and increase the volume of imported primary prod¬ 

ucts It has been estimated that the demand for raw ma- 

EXPENDITURES FOR PI,ANT AND EQUIPMENT 

(Figures in MiUians. 4lh quarter of 1947 and fsl quarter of 1948 are antinpalea expenditures ) 

Year Total Mfg 

Commer¬ 
cial Mtsc Mining 

Oasif 
Elec. 

Rail- Other 
Transp 

'46 1 2200 1100 580 no 180 100 130 
•46-2 2800 1400 740 130 230 130 170 

■46-3 3310 1650 890 160 280 160 170 
•46-4 3730 1760 1070 160' 300 180 200 
•47-1 3160 1450 900 150 330 160 180 
•47-2 3940 1850 1030 160 450 220 230 
•47-3 4140 1870 1160 180 500 230 200 
*47-4 4440 2040 1100 190 550 370 200 
*48-1 4100 1810 1080 170 490 360 190 

, Creiitii V. a. Osiiit. of C<«wi«re« and SeeutMea and Ezehaac* Comnriatitw. 
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teriiils will be one-third above the ]940 level by 1950, 
and 50 j>er cent greater by I960. Using 1940 as the base 
year (KMl), the Twentieth Century Fund* compiled the 
following estimates of U S requirements for these two 
dates, and compares them with the wartime peak; 

Warttme 
Peak 19f0 1960 

All Minerals 
Metals 
Fuels 
Other 

Lumber 
Electric Power 
Manufactured Gas 

158 13S 151 
157 117 126 
ISO 141 164 
141 128 142 
126 9S 76 
159 17S 224 
120 94 75 

In summary, it can be asserted that the post-war boom 

in industrial activity in the United States had not been 
spent as the year 1947 ended, and there were few indi¬ 
cations that a general decline could be expected before 
the middle of 1948. The degree of the anucipated reces¬ 

sion will depend upon many complex factors affecting 
business activity and consumer buying, but since most 
pessimistic predictions for an earlier and deeper depres¬ 

sion have l^en inaccurate it is likely that the 1948 dip 
will be shallow and of short duration. The continuing 

high level of investment and the insatiable demands of 
the foreign market are signs that point to strength in 

the economy this year. 

* America's Needs and Resources," Twentieth Century Fund, 
1947, New York 

ECONOMIC INDICES 

1919 1946 
1947 

(Estimated) 

Gross National Production (billions of dollars) 
Government Expenditures for goods and services 

88 6 194 0 230 0 

(billions of dollars) 160 34 7 28£ 

National Income (billions of dollars) 708 1650 200 

Farm Marketings (volume, 1935-39=100) 109 138 140 

Industrial Production (1935-39 = 100) 109 170 192 

Bituminous Coal (millions of tons) 395 532 600 

Electric Power (billions of kwh) 161 269 isn 
Steel Ingots and castings (millions tons) 53 66 84 

ACKNOWLEDGMENTS 

In eompiling this body of data and industrial information, 
particular appreciation must be expressed to those cooperative 
government and semi-govemment agencies which have given 
so unstintiiigly of their time and labor Several public re¬ 
lations firms have also assisted in the preparation of this 
ms issue of the INTERNATIONAL INDUSTRY YEAR¬ 
BOOK by arranging for the collection and presentation of data 
by the governments which they represent The text for a 
large part is the product and research of individuals who hmte 
furnished the requested information to us on their countries' 
industrial economy 

Particular thanks are expressed to Mr. Harold P. Breen, 
Direetoi of Australia's Commonwealth Secondary Industries 
Division, Department of Post-War Reconstruction; Mr. H W. 
Eather, New York Office of the Government of the Com¬ 
monwealth of Australia, Dr. V. Fleischer of the Csechoslovak 
Embassy, Mr Viggo Jensen, Consul, and Mr. Torkild 
Albertson, Secretary, of the Danish Consulate General; Com¬ 
missariat General du Plan (France) and Miss Yvonne Dau- 
marie, Assistant Director of the French Embassy; Mr J A. 
Stiles. Canadiim Trade Commission of the Canadian Con¬ 
sulate in New York; Mr X. F, Drexler of the Swiss Con¬ 
sulate General; Dr. W. Van Censwenberg, Consul, Belgian 
Consulate General; Mr. Herman Holm, Secretary of Indus- 
triens Utredningiinstitut (The SsuedMi Institute for Indus¬ 
trial Research), Stockhoimt Mr. C. Raphael and Mr. H, D. 
Davis of the Economic Section, British Information Sendees; 

the personnel of the British Board of Trade, London; British 
Information Services, Mr. Ivan A. Jacobsen of the Royal 
Norwegian Information Services; Mr L Smilde of The Nether¬ 
lands Chamber of Commerce in New York, and The Hamilton 
Wnght Orzanization, Inc. 

All statistical data and other materials have been obtained 
from offiaal sources and insofar as possible directly from the 
governments themselves. 

Illustrations for this chapter were obtained through the 
courtesy of McGraw-Hill World News, Administraeion Gen¬ 
eral de Viahdad Nacional (Argentina), Standard Oil Co 
fN. /), South Australian Government Photos, Australian Com¬ 
monwealth Department of Commerce and Agriculture, Allis- 
Chalmers Manufacturing Co., Brazilian Business, Braulian 
National Steel Co., Oscar Kohom b Co., Ltd., American & 
Foreign Power Co., Cia Paulista de Forca e Lux, Nicaro 
Nickel Co., National Film Board (Canada), Polymer Corp., 
Monetary Times, Cxeehoslovak Embassy, French Press & 
Information Service, Tata Iren it Steel Co., Amenean Iren 
and Steel Institute, Caterpillar Tractor Co., Westinghousa 
Electric Manufacturing Co., Royal Norwegian Information 
Services, Commonwealth Secondary AldiisMej DIvIsiM (4ui- 
tralia). Brown Moveri Carp., Sudser Brut., IM» So«fM» 
(Russia), Amerieass Swedirii New Msi^iange, Me., Soaertf 
ment Information Oftee j|w mtau of SewHi Swfk 
African RoRways WUa Wm < 'T ... 



CHAPTER II 

INDUSTRIAL RESEARCH 

by Jesse E. Hobson 

The application ol basic scientific knowledge, through 

applied research, to the problems of government and 

industry was given great impetus during the war when 

the research laboratories were so successful in meeung 
a situation of national emeigency The post-war needs 

for technological developments are only a degree less 
urgent, and we find both industry and government en¬ 

gaged in a large-scale program of srientific activity Re¬ 

search, both basic and applied, has become a major 
resource in all phases of our economic development 

Viewed in any light-expenditures, manpower, contribu¬ 

tion to the nation’s industrialization, a guarantee of 
national security, or promotion of general welfare—re¬ 
search has become big business, and research has be¬ 

come a major profession (1,2). 

RESEARCH IN INDUSTRY 

A situation of increased labor costs and higher taxes, 

as well as a more difficult competitive situation between 
industries and between companies within an industry, 

IS causing more emphasis to be placed on the applica¬ 

tion of saentific knowledge for the development of new 
products and processes, for the reduction of production 

and service costs, and for the improvement in quality 

of existing products. The past year has seen a marked 
expansion of investment by industry in industnal re¬ 
search in existing laboratories (S), in the development 

of new laboratories and in research “fanned out" to in¬ 

dependent laboratones and to univeniues (4). 

The National Research Giunal reports 133,515 per¬ 

sons now employed in more than 2450 laboratories of 
industry, an increase of almost 100 per cent over the 

total personnel ol 70,000 reported in 1940 (5). The 
rapid increase in number of laboratones and in labo- 

raiory personnel since 1915 is of interest and indicates 
a long term trend In 1915 there were only 100 such 

laboratories Five years later there were 300, employing 
9300 persons By 1930, 34,000 jiersons were employed 

in 1625 laboratories. 

Included m the present total of 133,515 there are 

55,000 professional personnel as compared with 35,000 

total in 1940 A smaller percentage increase of profes¬ 
sional personnel ihan total personnel is an idBication 

of the growing shortage of scientists and engineers, par- 
uculariy those with advanced training 

According to the National Research Council, the dis¬ 
tribution of professional personnel in the laboratories 

of industry among the branches of science, is: 

Chemtsts .21fi9f 

Biologists . ljS93 

Engineers.20jS37 

Doctors of Medicine. 236 

Physicists . 2j660 
Metallurgists . 2^64 

Pryckologists . 22 
Geolopsts . SI 

Not classified . 3J6? 

Although John R. Steelman in his report to the 
President, Science and Public Policy, estimates the an¬ 

nual industrial expenditures for research at 9450,000,- 
000, others are inclined to place the probable expendi¬ 
tures nearer 9000,000,000 or 9700,000,000 (6). In any 

event, the expenditures have increased approximately 
100 per cent since 1940 A recent survey by the Patents 

and Research Committee of the National Association 
of Manufacturers disclosed that expenditures by the 

Assoaation’s members for 1947 will have been 270 per 

cent above 1939 and 14 per cent above 1946. Several 
companies rejiorted that their 1947 research and devel¬ 

opment budgeu were mote than 10 times their ex¬ 
penditures in 1939 Research pnqprams are carried on 

by 750 of the 983 companies covered by the NAM sur¬ 

vey. The replies further indicated an average ratio of 
research investment to gross sales for 1947 of 1.6 per 
cent compared with 1R6 per cent for 1939. 

Business Record, a publication of the Industrial Con¬ 

ference Board, New York, for March, 1947, reporu in 

A Surxtey of Business Practices that the median per¬ 

centage of the sales dollar spent on reaeatdi falls be¬ 

tween lA and 2 per cent, with some companies spend¬ 

ing as much u 5 per cent, and a very small minority 
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allocating little or nothing to research and develop¬ 
ment. This survey also shows that most companies re¬ 
port a higher percentage of the sales dollar spent on 
research and development than before the war. It fur¬ 
ther points out that where the ratio may be below the 
pre-war rate, or at the same level, aggregate research 
expenditures in many instances sliow a sharp rise over 
1939 or 1940 This point is illustrated by the record 
of a railroad equipment company which showed 1,1 
per cent of sales spent on research both in 1946 and 
1939, but with total expenditures in 1946 amounting 
to $852,000 as compared with $273,000 in 1939, a gain 
of 212 per cent 

A survey, Reseanh Rrquiiements of American Indus¬ 
try, made recently by the Evans Research and Develop¬ 
ment Corporation, concludes that 87 1 per cent of indus¬ 
try as a whole is spending more for research than pre¬ 
war, 10 6 per cent the same as pre-war, and only 2 3 
per cent spends less than pre-war Further, 86 1 per 
cent of all industries benefited from their wartime re¬ 
search activities It IS significant that 72 5 per cent ex¬ 
pect to increase their research activities in the future 
and that 60 per cent expect to expand their facilities. 
At least two years are needed before industrial research 
can be brought to the desired level, according to 45 per 
cent of the reporting industries 

llie same survey reveals that 47 (> per cent of indus¬ 
try invests funds in research to improve present prod¬ 
ucts and processes, 42 3 per rent to develop new prod¬ 
ucts and processes in their own fields, and 14 7 per cent 
to develop products and processes in other fields 

Barron’s National Business and Financial Weekly, in 
an article by Robert M Bleibcrg appearing February 
17, 1947, states as examples of current expenditures for 
research; 

"The American Cyanamid Company, for example, 
spent almost $7 million in 1945, six years before it 
spent less than $2 million The Bendix Aviation Corpo¬ 
ration presents an even more striking picture Its re¬ 
search and engineering expenses for 1945 were approxi¬ 
mately $18 million as contrasted with a 1939 figure of 
$2 5 million InternaUonal Business Machines Corpora¬ 
tion more than doubled its pre-war budget of $1 mil¬ 
lion. Addressograph-Multigraph, Monsanto Chemical, 
Westvaco Products, American Smelting and Refining, 
Allis-Chalmers and a host of others had like stones to 
tell. The figures vary, but the principle remains the 
same—these corporations all regard money spent for re¬ 
search as a definite investment and are pouring more 
funds into it, as they would into any investment that 
has proved lU profitability.” 

No one can accurately predict the future budgets for 
research by industry (7,8,9). One thing, however, is 
certain—industrial budgets for research not only wOl in¬ 
crease but must increase if American industry is to keep 
in place as the leading industrial tuition of the world 
and if it it to maintain itt podtioa in world tnde (10), 
Several leaders in the retearrir field have predicted that 
research expenditures will he doubled within die nent 
ten years, so that teseart^ by industry aloite w^'finoeed 

one billkm doUan. 

Genaio bsMm iieidiibl|^ 
industrial leteui^ and 
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of the rapid growth witnessed during the past several 

years The shortage of trained scientists and engineers 

created by war-time reduction of college training will 
lertainiy increase research salaries Many scietuifii prob¬ 

lems can now be solved only with the use of intri¬ 
cate and expensive scientific equipment and through 

the cooperative efforts of research teams spectaliced in 
several fields Furthermore, the costs of pnxiuttise re¬ 

search developments increase as the scientihc froiiiicrs 
are rolled bark In spue of increasing tosts, industiy is 

well aware of the benefits of research, and, to an in¬ 

creasing extent, considers its research e\pcMiclitures as a 
vital and necessary investment lor future security (13, 
14) 

Only a few examples of returns on lesearch invest¬ 
ment, as reported by industry, will serve to illusliate 
the recognition being given to lesults of scientific re¬ 

search, 

A major oil company icports a return of iri,40{l to 

Its stockholders lor every .^1(1(10 insestcd in research 
over a 1 (1-year period 

A pharmaceutical company, reviewing its rccoids of 

research investment lot the past 20 yeais, finds a return 
of 100 per cent on research iniestnienis 

One third to one-half <>t the products of one of the 

largest elettrital inanu fat Hirers had their beginning in 

the research laboratoiy 
A large chemical company states that 30 j»er tent ol 

tts sales constst of products dtvelojied through research 

since 1936 
An industrial machinery torporaiion reports a ten¬ 

fold sales increase since 1937, and credits 80 jjcr cent 

of tlie increase to new products 
Surveys have indicated that fiO jicr cent ol the total 

employment in the United Slates is based on prcxiucts 
coming from the research lalioratories-ihus one re¬ 

search man has treated employment for almost 200 

persons, 
A, W, Robertson, Chairman of the Hoard of Wesung- 

liuusc Electric Corporation, has emphasized that manu¬ 

facturing research has reduced die tost of countless 
products He cites as an example the HM)-wait incan¬ 

descent lamp which once sold for ?2 00 and now costs 

just 15 cents; and die present product is a far better 
lamp, giVing twice as much light for the current it con¬ 

sumes. In a project to improve electric motors, researih 

engineers developed a motor 35 per cent smaller than 

Us predecessor, but which prcxluced 134 j>er cent more 

power for each pound of weight. 
Mr. C. G. Worthington, Executive Secretary of the 

Industrial Research Institute, an organizauon com¬ 

prised of many leading industrial concerns ol the 

United Sutes, writes: 

"Over the past twenty years American industry has come 
to lecognise the need for research as indispensable to lU 
progress and security. A large number of industrial research 
laboratoties has been established and the numlier and use 
are increning rapidly. 

"The volume ttf work done, the number of dulled per- 
smHel engaged, and the amount of money expended have 
Itveit rise to tninv managerial problems which are common 
to ail Msearob oiganiiiiUom '1 heae include such questions 
at osganisatton ana fnnctioaal operation of the itoeardi de- 
(pattoMiUi fcwsind seiection, Mining, oompenaation, and 

maintenance of inoraic; sefcriion and control of projects; 
biidgcung and accounting, cvalualuni of research results; 
patent policies and practices, the fitting of research into the 
corporate stmttuie, and relations with government, univer¬ 
sities, and outside organizations Industrial Research Inili- 
lute was founded in 1438 to provide industrial research 
cxctiilncs with an urgariizalioii fur the cooperative study of 
lliese problems and thereby to promote improved manage- 
inrnl ol industrial research. 

I he liistiiutr was originally organized under the auspices 
of Nalioiial Reseanh faiunril with fourteen companies form¬ 
ing the nutlciis of incinlK-rship ll was incorporated in 194'> 
as an independent non profit nieniliersliip organization '1 he 
inciiilRrship has increased roughly sevenfold in ten years 

‘ I he instiinte has found that one of the best means of 
accoinplishing its objectives is tlirutigh jiericidir meetings al 
nhith information and luunsel on research management 
problems are exchanged by inciiiljer c-xeculives 'I he general 
piaciicc IS lo keep the proceedings confidential m onler lo 
Jironioit fnx. and frank disiiission However, papers and re- 
(Miiis uliich arc fell lo lie of general interest and value are 
J> ililished in outside journals 

‘Kvunded studies on subjects of special interest are made 
and rejMirteil lo the Institute by member company repre- 
seiitalivcs committees, or staff nieniliers An exchange ll- 
biacv of forms and manuals used by memliers in their ad- 
iiiiiiistralivc loiitine is niainiaiiied by the headquarters office. 

V medal cstalilislied by the Institute as a high honor 
for oiiisiandiiig contributions to the held of industrial re 
search is unique in that it is given primarily for manage 
iiieiu Icacleisliqi in industrial resrarih II has been awarded 
III 4\illis R Whitney of (x.iicTal Mcxtric (aimjiany and to 
(hailes A I hoinas of Monsanto Chemical Company 

I'icnnptccI by the mcagernt&s cif published information on 
the urgaiuzation and iiianagemeni of research In industry, 
the liistiiuii undertook the preparation of a rom|>rehensive 
monograph, Kes<-auh in /iidustiv, Its Orgauitatioti and Man- 
agfiiicnt, which will Im. published by D Van Noslrand Com¬ 
pany of New York early in 1!MH It is hojivd that it will 
serve Iwiih as a useful reference for research directors and 
their administraiivc staffs and as a textbook for graduate 
courses in research laboratory management 

"Ihere is a growing trend in industry to promote lo top 
management positions those in an organization who are 
chiefly res|>oiisihle for its technological progress Interest 
III research management is not reileited alone in the growth 
ol the Instiiiiic as a national oigani/ation Local groups of 
rcsearcli directors have organized inforinally in several im¬ 
portant research centers of the country (notably Boston, 
New York, and I’hiladclphia) tor continuing discussion of 
tlicir special problems Regional conferences on the man¬ 
agement of research also arc beginning to be held alx>ut 
the cniiniry ” 
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Numeroui corporation* are building new research 
laboratories to extend present faalities or to replace 
obsolete faalities It has been estimated that more than 
200 new laboratories were constructed between 1940 
and 1946. In the reference cited above to Barron's 
Weekly, Bleibeig points out that almost a dozen multi- 
milhon dollar projects have been built or are in the 
planning stage. These include a |2 million laboratory 
built by Firestone Tire and Rubber Company and put 

into ojseration in 1945 The Radio Corporation of 
America will double its existing laboratories at Prince¬ 
ton, New Jersey. General Electric Company has an¬ 
nounced a $10 million project for electronics labora- 
tones. The General Motors Corporation is planning a 

research and technical center, estimated to cost more 
than $20 million and intended to bnng together the 
product research and experimental faciliues of the com¬ 

pany. 
The F W Dodge Corporation reports that contracts 

were awarded for 289 projects classified as “laboratories, 
— science buildings — educational and commercial labora¬ 
tories, observatories and planataria,” during the first 

eleven months of 1947 in the 37 states East of the Rocky 
Mounuins Contracts for these laboratories call for tlie 
expenditure of $61,882,000. These figures compare with 
contract awards for 301 projects costing $58,351,000 dur¬ 
ing the corresponding period of 1946. 

The H K Ferguson Company has designed and 
built three major research laboratories during the year 
Allied Chemical and Dye Corporation at Morristown, 

New Jersey, to centralize that firm's research activities; 
Bristol Laboratories at Syracuse, New York, for the pro¬ 
duction of penicillin and the study of new anti-btotia, 
and, Parke-Davis and Company at Detroit, Michigan, 
for the production of streptomycin and the study of 
new anti-btotics. Saentuts and researchen in the field 
of anti-biotia are confident that they have only touched 
the surface, and tliat penicillin and streptomycin are 
merely spearheads in the fight against disease, Bristol 
poinu out, in announcing the new laboratory, a pdicy 
common to many progressive oiganizauons-a long-range 
factor that had to be considered was that faaiiues and 
jdans must be ready to capitalize on future disoovciies 
made in the research department. Not to have luth 
facilities ready at the proper time would undoubtedly 
be more costly than present building cosu in terms of 
a competitive position in their industry. 

The Johns-Manville Corporation, on October 16. 
1947, unveiled its research center and pilot jdant, and 

EtqwdasMrtal manhauaa ert the Mdwool Baaomreli laati- 
tula lat toattag osiieultaicd tangleidaa. 

laid the cornerstone of the second unit, of a new re¬ 
search center group This group will ultimately include 
five or six units, providing 337,000 sq ft of laboratory 
space, and is located on a 93-acre tract 40 miles from 
New York City. Modular design is used to give an 
assembly of standard work space units for maximum 
flexibility This laboratory center is said to be the 
largest in the world devoted to building materials, in¬ 
sulations, and allied industrial products. 

Merck and Company has considered research a most 
essential part of its activities. In 1933 the company 
completed its first building devoted exclusively to this 
function Laboratories now occupy almost 100,000 sq ft 
of spare in 5 modern buildings Work on a large new 
addition to the laboratories was started in 1946, and it 
will probably be occupied in 1948 Emphasizing a 
trend in new laboratory construction, the new building 

will be extremely flexible, with the basic unit of its 
facilities comprising a small, complete laboratory unit 
with all necessary facilities. All partitions, except ex¬ 
terior and corridor walls, will be easily movable panels 
])ermitting the grouping of a number of units to form 
a laboratory of almost any size and shape It is of fur¬ 
ther interest that the laboratory staff now numbers 510 
persons, with a technical staff of 250, and that the re¬ 

search cxjsenditures were $3,438,279 in 1945 and $3,216,- 
845 in 1946, dose to 6 per cent of the tales dollar 

Greatly increased research activity by trade associa¬ 
tions and organizations alto demonstrates the growth of 
industrial research by all companies both large and 
small. More than 125 assoaations were conducting re¬ 
search for their member companies before the war, and 
that number has steadily increased. A jiending publica¬ 
tion of the Department of Commerce, Scientific and 
Technical Research Activities of Trade Assoaations, 
edited by Gusuv £ Larson, summarizes work done by 
trade assoaations in their laboratories and in the labo¬ 
ratories of consulting, independent, non-profit, and 
umversity organizations (17). Associations, such as the 
American Institute of Laundering and the Structural 
Clay Products Insutute, are considering subsuntial in- 
creates in their research programs. Well established re¬ 
search activities such as those maintained by the Litho¬ 
graphic Technical Foundation recently have been re¬ 
vitalized and expanded. Larson's report states that at 

least 35 tnde associationt now maintain or operate 
their own laboratories, and these laboratories employ 
800 to 1000 personnel, exclusive of fruit grower and 
processing groups. Among the larger laboratories are; 

NaUwial Board of Fire Underwriters 171 Persons 
American Gu Association . 120 persons 
National Canners Association . 44 persons 

Portland Cement Association. $7 persons 
American Meat Institute. 91 persons 
American Institute of Laundering __ 30 person! 
Tanners’ Council Labotatodes , — 25 persons 

Many associations use fovermaent labmieiies. nich 
as the Bureau of Standards and the Pants Pmduas 
Laboiatory, university IsAnsraMtiet, or ssmfinBt'le- 

search inatUnte labontatici 
Mtu^. jqI dn tetiaMdi,4atie Isy inde aiwtiniioai Js • 
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[or small companies, although association activity is by 

no means confined to the smaller industrial oiganiia- 
uons. Small companies are becoming increasingly con¬ 

scious of their dependence on research to maintain a 

competitive position within an industry and to meet 

the technical developments made by competitive indus¬ 

tries which can, and frequently do, threaten an entire 
industry with obsolescence and decay The Nauonal 

Research Council m 1940 surveyed 50 small companies 

having assets ranging from |150,000 to f2,500,(K)0 

Twelve companies stated “if we should immediately 
cease all forms of organized fact-finding in which we 

are now engaged, we would be forced out of business 
within a year" Six stated they would be liquidated in 
three years and seventeen would at once experiente a 
serious loss of competitive position 

The American Gas /Association recently stated that 

$250,000 a year most be spent on research if the gas 

industry is to keep its services in line with that of com¬ 

petitors. 

The National Lumber Manufacturers' Association has 

prepared a master list of 250 tccliiiical problems which 

must be solved through association research if the lum¬ 

ber industry is to hold most of its present markets 

The National Canners' Asscuiation will continue to 

spend $200,000 to $500,000 annually in work in lU own 

laboraioriM and in other research agencies 

Contrary to the pattern established in England where 

trade association research is substantially subsidized by 

the government and where association research forms a 

major part of research activity by industry, tlie Govern¬ 

ment of the United States has assisted asscKiauon re¬ 
search only to a very limited extent There has been 

recently, however, a derided tendency on the part of 

government to assume a much greater role in finanang 

and organizing association research (18) This tendency, 

supported in some quarters, has been vigorously op¬ 

posed by some sectors of industry for reasons of patent 

pohaes, paternalism, alleged inefficiency of government 

supervision, etc. 

Scientific and industrial research by both laige and 

small companies is definitely on the ascent. It is being 
recognized generally as a necessary part of business 

operation, and is assuming an ever expanding position 
as a part of the corporate structure (20,21). 

RESEARCH IN COLLEGES AND UNIVERSITIES 

Today, as has always been the case, the basic source 

of progress in fundamental sciences resides in the 
laboratories of colleges and universities. Pushing back 
the bamers that cloak and obscure the trails of scien¬ 

tific advancement are, and should be, the main consid¬ 

erations of research in the university graduate schools 

To a considerable extent many sources of basic scien¬ 
tific knowledge were located in Europe prior to the 

List war, although several colleges and universities in 

the United States had made notable contributions The 
disruption of foreign sources of fundamental scientific 

work, the drain on the stock-piles of scientific knowledge 

.Kcclerated by wartime applied research, and the in¬ 

creased pressure for pushing back the frontiers of 

knowledge to provide basic information for post-war 

developmenu, have greatly increased the demand for 
lumlamental scientific activity in university labotauwies. 

riic increased demand for scienufic research by the 
universities has come at a time when increased student 

entollmenis have taxed tlie teaching staffs to such an 

extent that much less time is available for research in¬ 
vestigations Funds from endowments are lest plentiful 

because of lowering interest rates. It is exceedingly dif¬ 

ficult to attract and maintain an adequate staff because 

of the shortage of qualified scientists and the competi¬ 
tion with liigher salaries in industry 

Universities have been quick to recognize the need 

lor furtlicr basic Kicntific research and to meet the 

challenge offered to an accelerated research program by 
difficult post-war conditions. Most educators, and re¬ 

search men feel, however, that financial assistance from 

industry and government is uigendy needed if their 

obligations are to be met. They emphasize that finan- 
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cul aniaunce must be given without restraints as to 
publication, patent protection or supervision if research 

in fundamental science is to be effective. 
Industry is recognizing to a greater extent its obliga- 

uon to finance scientific training and basic research, as 
evidenced by the increased number of industrially spon¬ 
sored fellowships and grants. Research fellowships and 
scliolarships supported by industry now total 1800, com¬ 
pared with a total of 90 during 1929 The number of 
hrms supporting such grants has grown from 56 to 
more than 302 and a number of other companies re¬ 
port tlieir intention to provide such support and assist¬ 
ance as soon as facilities and personnel are available 

rhe Federal Government also recognizes its responsi¬ 
bility to give additional assistance to the universities 
Although the legislation for a National Science Founda¬ 

tion, as passed by a large majority of the 80th Con¬ 
gress of the United States, was vetoed by the President, 
Caingrcss seems to be united in feeling that financial 

assisiante must be given for scientific training and re- 
seartii It appears probable that assistant e in some form 
will receive the early attention of Congress. 

Several government agencies have placed research con¬ 
tracts with (ullcges and universities The majority of 
such conir.icts have not contributed greatly to the fur- 
tlierancc of basic rescardi, but rather have been directed 
toward the application of existing scientific knowledge 
An outstanding cxcc|>tiun has been the Office of Naval 

Researth which has maintained a broad program of 
basic research in the physical sciences and in mcdiane 
Approximately 80 per cent of this program is conducted 
by the colleges and universities, and about 50 million 
dollars was obligated by the end of 1947 

The universities went from a wartime total of about 
20 million dollars annually to a present rate of annual 
research expenditure of about 80 million dollars. Some 
300 or more universities are now engaged in either basic 

or applied rescarcii. More than 75 members of the £n- 
gineciing College Research Council offer to accept 
projetu from industrial sponsors. 

The 1947 Directory of the Engineering College Re¬ 
scarcii Countil lists the facilities, major fields of inves¬ 
tigation and volume of sponsored research of the lead¬ 
ing engineering educational institutions (22). 

Several colleges, universities, and technological insti¬ 

tutes have established research foundations or insti¬ 
tutes. Some of these oigani/ations are integral parts of 
the educational institution, some are closely affiliated 
with It but exist as separate corporations and others 
arc independent non-profit corporations with a more- 

or-less close affiliation (23). Contractual relations, pat¬ 
ent policies, publication policies, and charges for indus¬ 

trially sponsored pnijerts vary widely between organi¬ 

zations (24). it IS evident that economic pressure has 
been a dominant factor in causing many universities to 
seek applied research pnijects supported by industry. 

Many individual saenlisu, research leaders and edu¬ 
cators have pointed out that invest^ations in the field 

of applied research do not often ooiitHjbute mdntahtlelly 
to the primary university ftmetkm of tefendfie. educa¬ 

tion, graduate study and bittiit resemch. "HVJlwn 
industry tuppoiti bctic ittonitth, die effiset 
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university is a salutory one,” states David Gordon of 
David Gordon and Co Dr. Jacques Errera, speaking at 
a recent meeting of Consulung Chemists and Engtneers, 

cautioned that the role of the university is two-fold' 

First, it must educate; it must supply the bachelors, 

masters and doctors who will carry on tlie nauon’s re¬ 
search and development program This activity must 

be self-supporting on a lugh level For tins support we 

must look to both private and public funds Second, 

the research function must involve basic researcti 

Certainly there is a trend toward increased scientific 

activity in the universiucs and colleges increased col¬ 
lege enrolments at all levels in saentific education, ad¬ 

ditional emphasis on graduate research and basic saen¬ 
tific research, and increased desire on die part of the 
colleges to seek industrially sponsored research, a part 

of which will contribute to the primary functions of 

scientific education and research 

PUBLIC SERVICE RESEARCH ORGANIZATIONS 

Several types of organizations have been established 

to render a service of saentific and engineering research 

to industry and government on a fee basis These or¬ 

ganizations include the consulting laboratories of 

such firms as Arthur D Little, Carl Miner, Foster D 

Snell, and others; engineering research and develop¬ 

ment laboratories such as Dames and Reinecke, Buehler 

and Company, Mast Engineering Company, Engineering 
Research Associates, etc; and the non-profit research 

foundations and insututes such as Frankltn Institute, 

Mellon Institute of Industrial Research, Battelle Me¬ 
morial Institute, Armour Research Foundation of Ilh- 

nois Institute of Technology, Midw«t Research Insti¬ 

tute, Southern Research Institute and others Some of 
the latter institutes have a more-or-less dose affiliation 

with an educational institution. 

It is of parucular interest to survey the activities of 

the leading non-profit research institutes, since they re¬ 
flect the diversity of scientific activity undertaken by 
government and industry, since they work simulu- 

neously in several industrial and scientific fields, and 

since their growth and activity roughly parallels that 

of all industrial research in the United States Further, 

these institutions form a pattern unique among research 
organizations which is being studied and copied through¬ 
out the world. The primary objective of such institu¬ 

tions is to tender a confidential research and engineer- 
service to industry and government on a cost basis. 

They have, moreover, important secondary functions of 
promoting and furthering fundamental reseatch and of 

supplying men, trained in the approach and techniques 

of applied research, to the laboratories of industry and 

government. 

The non-profit researdi institutes do not intend to 

conqsete with existing commercial laboratories, testing 

labontories, or consulting engineering firms since they 

are established on a basis of tax exemption. They make 
every effort to accept ptojecu which do not compete 
with researdi servkes available elsevdiete. Projects are 

aeo^ted on a amfidential basis, with full patent and 

fMfbikatioii protection given to the i^onior. 

The Battelle Memorial Institute, in Columbus, Ohio, 

is such a non-profit, privately endowed institution 

founded in 1929 by a bequest from Gordon Battelle (27). 

Income from the bequest has been used to provide 

buildings and equipment and to support an active 
program of fundamental research. The volume of in- 
dustnal and scientific research conducted at Battelle 

Institute in the calendar year 1947 will amount to ap¬ 
proximately $4,250,000, an increase of 24 per cent over 

the volume for 1946 which amounted to $3,425,000. 

The research activities cover diverse fields. A rough 
division of this activity in broad fields during the first 

SIX months of 1947 was. 

Metallurgy . 25 per cent 
Chemistry . 20 " " 

Physics . 17 " " 

Fuels Technology . 12 " " 

Ceramics . 6 “ “ 
Mineral Processing . 4 " " 
Welding . 4 " " 

Production Research . 4 " “ 

Graphic Aru . 4 " " 

Miscellaneous . 4 " " 

More than 250 investigations were in progress during 

the year, 60 per cent of which were for industrial spon¬ 
sors and 40 per cent under sponsorship of government 

agenues The suil of the Institute numbered 860 on 

January I, 1947. By December 1, 1947, the staff had 
grown to 1,028, of which 60 per cent are trained sden- 

tisis, engineen and technicians, and 40 per cent an 
administrative and service personnel. 

The Mellon Institute of Industrial Research is the 
outgrowth of a plan originally conceived in 1906 by 

Dr Robert Kennedy Duncan. The fellowship system 

was designed to provide scientific research facilities and 
personnel for public use. Evolved to give manufacturers 

the privilege of establishing a temporary fellowship in 

a university for the investigation of a particular prob- 

Extanaiv* paper work is required to eecrelate data gath¬ 
ered bjr expesta in petroleum reeeareh. 
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lem, U was expeited that the solution would benefit the 
manufacturer and ultimately the public (28) 

In 1910, Andrew W Mellon and Richard B Mellon 
asked Dr Duncan to pul his plan into active operation 

at the University of Pittsburgh (29) Fostered by the 
generous Mellon endowment, the plan was successful 
and was placed on a permanent basts in 1913 Until 
1927 the Institute remained a part of the University 
of Pittsburgh, at which time it was separately incor¬ 
porated. Since then it has been managed by an execu¬ 
tive staff responsible through the Director to its own 
board of trustees. The Institute cooperates with the 
University of Pittsburgh, and members of its staff may 
take graduate work in the university. However, the 
Fellows in Mellon Insutute have the status of salaried 

worken. 
During the fiscal year ending March I, 1947, the ex¬ 

penditures for pure and applied research at Mellon 
Institute totalled $2,697,982. The staff consisted of 295 
Fellows and their 280 Aids, 34 more Fellows and 16 

more Aids than in the preceding year 

R«M«reh*n obtcda data to datanaiaa th« affaets ai aorl- 

Ihe Institute was active on 80 industrially sponsored 
projects, of which six have been in progress for 30 years 
or more, 2 for 25 years or mure, 9 lor 15 years and 19 
lor 10 years It conducts research in the fields of pure 
chemistry and in chemical physics The Industrial Hy¬ 
giene Foundation, a non-profit national as.suciation for 
advancing health in technology, operates under the 
liivutute’s auspices 

Armour Research Foundation of Illinois Institute of 

lechnology. located in Chicago, was founded m 1936 
without endowment (30) It is a separate corjioratioii 
although It reports to the President and the Board of 

trustees ol Illinois Institute of Technology Since its 
conception. Armour h.is been an entirely self-support¬ 
ing oiganizalion, maintaining its own staff and facilities. 

During the fiscal year ending August 31, 1947, the 
volume of sjxmsorecl research lor industry and govern¬ 

ment at Armour Research Foundation amounted to 
$2,551,854, an increase of 34 b per cent over the pre¬ 
vious fiscal year Ol the 105 active research projects on 
September 1. 1947, 39 were projects under government 

sponsorsitip and bb were sponsored by industry 'Ihe 
Foundation is oigani/eil in three operating divisions. 

(a) Ihe Research Division 
(b) Magnetic Recording Division 
(r) International Research Division 

Ihe latter division, recently oigani/ed lo render re¬ 
search service to foreign governments and industries in 
foreign countries, has its headquarters in Mexico City 

The Research Division has departments of Physics, 
Chemistry and Chemical hiigincering, Metals, Ceramics 
and Minerals, Llectrical Engineering, Applied Me¬ 
chanics, Mechanical Engineering and Research Service 

On September 1, 1947 the staff ol Armour Re.searih 

Foundation numbered 488, with 322 on the teclinical 
staff and Ibb on the service staff A further analysis of 
the 322 memliers of the technical staff shows tliat 12 5 
per cent were occupied with scientific and technical su¬ 
pervision, 59 per cent were research scientists and engi¬ 
neers and 28 5 jier rent were classified as technical and 
scientific assistants 

Midwest Research Institute in Kansas City was or- 
gani/ed early in 1945 and recently completed its third 

year of operation at a non-profit, independent, research 
institution serving both industry and government (31) 
In addition to functioning as a research institute serving 

the industries of the United States, the Institute has a 
unique function as a regional research laboratory work¬ 

ing toward the development of the natural resources 
of the central mid-westem states. Although an inde¬ 

pendent organization. Midwest cooperates with educa¬ 
tional and research groups, particularly in the region 
from the Mississippi River to the Rocky Mountains. Con¬ 
ducting industrial research for mid-continental industry, 
developing new uses for existing agricultural produce, 
and developing the resources of {arm, forest, mines, and 
wells of the region are primary objectives. 

lire total researdi expenditures during the last foed 
year amounted to $450,000, deanmutratiiq; a retnarloUdc 

growth in the three years of Midwest's existence, At dte 
end of the fiscal year the staff numbered 100, Of vMA 
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60 were leihnical personnel and 40 were non-technical. 
Midwest Research Institute is now conducting research 
in agricultural chemistry, organic chemistry, inoiganic 

chemistry, physics and engineering mechanics At the 

present time Uierc are 30 major research projects aruve, 

not including short-term investigations and advisory 
services to industry 

The Southern Research Institute at Birmingham, Ala¬ 

bama, IS a non-proht oigantzation, founded in 1045, 
supported by private capital subscriptions and endow¬ 

ments, and making its services and fatilities available 
to industry on a fee basis fully protecting the sponsor’s 

interests The Institute is doing industrial research in 
plastics, applied ihemistry, physics, metallurgy, engineer¬ 

ing, food technology, biochemistry and organic chem¬ 
istry 

Research expenditures for the year of 1047 will ex¬ 

ceed $300,000, an increase of almut SIOO.OtM) over the 
previous year riicre aic at present 40 active researcJi 
investigations During October, l‘)47, the research ef¬ 
forts were distributed as follows (i!) per leiit in indus¬ 

trial contracts, 15 percent lor government agencies, 14 
per rent in the biochemistry of disease and 2 per cent 
on Institute sponsored research 

The organi/ation of hoiithcrn Roseateh Institute now 

consists of about 80 persons, of whom 48 are on the 

technical staff and 32 are on the service staff 

The Southwest Research Institute, an endowed or- 
ganuation for sciciuifu study founded by 'loin Slick, 

was dedicated Scptcmbci II, I‘i17. on the Fssar Ranch, 

7 miles from .San Antonio 

I he new laboratory includes clieiiiical and biological 
units, engineering departments, and a complete niachine 

shop Further cxp,insion of f.iciluies is expected as soon 

as materials are available Ihe second laboratory of the 

Institute, devoted to pctioleum chemistry and technol¬ 
ogy, IS expected to be located in Houston 

Although barely started. Southwest already has 

enough business to keep its present laboratories oper¬ 
ating at near capacity This expanding organization cur¬ 

rently has a staff of 40 

The Southwest Research Institute is the third and 

final part of a research organization which also em¬ 

braces the Foundation of Applied Research, now work¬ 
ing on agricultural and medical studies, and the Insti¬ 

tute of Inventive Research, whidi aids inventors in de¬ 

veloping their ideas. 

Leading industrialists of California and the Pacific 

Northwest recently cooperated in the establishment of 
Stenford Research Insutute, which is a non-profit or¬ 

ganization designed to undertake any type of investi¬ 

gation needed by industry or government (32) It is 
equipped to study problems in business organization, 
industrial relations, personnel procedures and market¬ 

ing, as well as to do technical research in physics, chem¬ 

istry, engineering and biology. 

Under the plan of the Stanford Research Institute, 

aU companies, both large and small, may use the serv¬ 

ices of experu in a wide variety of fields to carry on 

independent research or to supplement their own ac- 

deities. 

While the organization is entirely separate from the 

University, it will, nevertheless, draw upon the Uni¬ 

versity faculty in its work, in addition to having its 
own staff of technicians and scientists. 

As one example of the engineering research and de- 
velopmc-nt oiganizauons recently organized. Engineer¬ 

ing Reseanh Assexiates, Inc, in Minneapolis, might be 

cited At the close of the war, a group of scientists and 

engineers who had worked together in the Navy re¬ 
solved to continue their research and development as a 
private enterprise Engineering Research Associates was 

incorporated January 8, 1940, supplementing the tech¬ 

nical skills and training of the group with the man- 
ageiiieiii, fiscal oiganization. and facilities of the North- 

vv’cstein .Aeronautical Corporation 
At the present time. Engineering Research AsscKiates, 

with offices in Washington, D C., as well as in Mmne- 

apohs has a suff numbering 450, and is carrying out 

rtseaidi and development work under contracts amount¬ 
ing to more tlian 3 million dollars annually 

The primary objectives of Engineering Research As¬ 

sociates .ire III the fields of research and development. 
However, in order to insure that research and develop¬ 
ment will lead as far as jxissible toward public benefits, 

ilie oigani/atiun undertakes certain limited production 

(>l equipment tliat gives a strong impetus to the prac- 
tiial solution of reseanh and development problems 

More than at any time in the past years, Iwth indus¬ 

try and government arc "farming out” their research 

piobicms to organizations of the type discussed above. 

It IS betoming increasingly evident that the role of 

Elvctron microscop* te a rMsarch tool of gzaul iasportemea 
to many brauehM ei madam induatzy. 



the independent research oi^gfanization will be a re¬ 
sponsible one indeed To them industry looks for a 
substantial part o( future industrial progress, a greater 

pruduttiun of better and more products at reduced 
cost, opening new avenues of better living to all people 

THE GOVERNMENT IN RESEARCH 

Before World War II the United States Government 
paid about one-fifth of the nation’s research costs, 
while industry, research organizations, universities and 
colleges financed the remainder. 'Ihe war brought about 
a complete reversal of this situation as industry concen¬ 
trated on production and the government spent greatly 

increased sums lor the development of existing weapons 
and the discovery of new ones (34) 

Since the war, governmental expenditures for re¬ 
search liavc dropped less than one-third while industry 
has increased from lU 80 million dollars annual outlay 
for research during the war to a figure 6 to 8 umes 
that amount. According to tlie Report of John R Steel¬ 
man to the President, the government spent approxi¬ 
mately 625 million dollars lor research in the fiscal year 
1947, exclusive of the atomic energy budget. Today 
there is little difference between the annual expendi¬ 
tures for research by government and by industry 
Steelman esumated research expenditures by industry 
at 450 million dollars, but others feel that the toul is 
probably higher and might reach 600 million or pos¬ 
sibly even 700 million dollars. Whatever the relative 
expenditures may be, it is evident that the Federal gov¬ 
ernment has greaUy increased its expenditures for basic 
Bcienuiic knowledge and the application of that knowl¬ 
edge, and that these expenditures are likely to continue 
high. 

The government owns and operates research facilities 
valued at approximately 1.5 billion dollars, not indud- 
ing atomic energy development and production projecu 
which probably double that figure. Thirty thousand 
sdendsts are now employed direedy hy the gervemmem 
and there are tonw 60 agendes which have diMribated 
piojecu thronglh tOi fc«ty«i|^t states 56}^ ' 

Mr Steelman, in Vol II of Scierue and Public Pol¬ 
ity, gives the Federal research expenditures, by agency, 

for the fiscal year 1947 as follows: 

Navy Department .$262,000,000 
War Department .. . . .. 237,000,000 
Agriculture Department .. . 31,328,000 
Interior Department . .. 50,358,000 
Natl Advisory Ckimm for Aeronautics 27,000,000 
Federal Security Agency. 13,236,000 
Commerce Department. 10,494,000 

Federal Loan Agency (RFC) .. 4,699,000 
'I ennessee Valley Authority . ... 3,654,000 
Veteran’s Adniimstrauon. 2,523,000 
Federal Works Agency . 822,000 
Smithsonian Institution . 309,000 
Treasury Department. 220,000 
Federal Communications Commission . 200,000 
Maritime Commission . 87,000 

It IS estimated that, over-all, 570 million of the 625 
million dollars spent by government was used for ap¬ 
plied research and development. Further, it is cstimat^ 
that 465 million out of 500 million dollars spent by 
military agencies was for applied research and develop¬ 
ment. 

Of the 625 million dollars spent on research, govern¬ 
ment owned lalwratories did only about 200 million 
dollars of the work. The remainder was done by in¬ 
dustrial laboratories, by research organizations and by 

universities and colleges Merely directing the program 
of government research has become a major operation, 
yet It is expected that the federal budget for research 
will be increased by at least two-thirds and possibly 
doubled within the next ten years. 

Whenever private industry is unlikely or unable to 
pursue research utgently required in the nation’s in¬ 
terest on an adequate scale, the Federal govrnnment 

and the State govemmentt nnwt ttke the nipontt- 

bility. For example, prior to the war. teseatch ai^ de¬ 
velopment in aj^twlture oomiumed a taige part at 4he 

research budget situ* indliddUai fldjUMMr IMKwl 
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to do research, yet the improvement of their methods 

and the search for new and basic scicnufit informauon 

in agriculture is vital to the nation's interest In the 
1946 report of the Administrator of Agritultural Re¬ 
search It IS staled that from a total investment of 10 
million dollars in research on hybrid corn, tlie nation 

is now collecting annual dividends ot at least three- 
quarters of a billion dollars Research on small grams 
by Federal and Stale laboratories is believed to have 
added half a billion dollars each year to the national 
wealth An investment of less than 1 million dollars in 
sugar cane researih has increased the annual value of 
the sugar cane crop by more than 20 million dollars 

In addition to research for the development of the na¬ 
tion’s basic industries, for public health, for public safe¬ 
ty, for the maintenance of adequate and reliable indus¬ 

trial technical standaids, and for the development of pre¬ 
cision scientific standards, the government now has the 

responsibility ot supporting basic and applied research 
necessary to maintain our military security The inter¬ 

national situation since the (lose of the war has neces¬ 
sitated the continuation ot research in this clirccuon 

It IS generally agreed that authority granted by Con¬ 

gress to the various departments and agencies is suffi¬ 

cient for the establishment of a sound research and de¬ 

velopment program A large part of the funds granted 

under this authority are now used to sponsor research 

in industrial or university laboratories, and such su])- 
port will likely be expanded in the future. 

Of Government research and development outlays 
during the war 83 per tent were for the military agen¬ 
cies 'The percentage remains about the same since the 
war During the war an emotional factor welded science 

and the armed fortes into a victorious team Now the 

emotional factor, although not gone, is considerably 

lessened even though die percentage of government 
funds being spent for military rcsearcti and develop 

mem has remained about the same Hits is the problem 

with which the military agencies, much more enlight¬ 
ened and recogni/ing for die first time the absolute 

necessity for scientific research, are fared 

Research and development units in the Army, Navy, 
and Air Force arc not new things, but they are new, btg 
things. Branches of the military have a new awareness 
of the necessity for research and development Such an 

awareness is made evident by their research programs 
and their determination to push those programs to 

completion Examples of this attitude may be seen in 

talks delivered before the Engineering College Research 
Council meeting in Washington in November, 1947, by 

Admiral Paul P. Lee, Chief of the Office of Naval Re¬ 
search; General H S Aurand, Research and Develop¬ 

ment Director of the Army: General L. C. Cratgie, Re¬ 

search and Development Director of the Air Force; and. 

Dr. L, R. Hafsted, Executive Secretary of the Research 

and Development Board, National Military Establish¬ 

ment. In the words of Admiral Lee: 

"The war demonstrated most forcefully that the secur¬ 
ity of the United Sutes is, to a very Urge degree, de¬ 
pendent upon our national scientific strength It is demon- 
ttttibed that horn putely basic reseanh stucUes comes knowl¬ 

edge which can have a profound effect upon the conduct of 
war It IS demoiistnitecl that the civilian scientist and the 
nun in uniform must work together if they are to apply our 
stienlihi knowledge to problems of national security " 

.Admiral I-ee stated that the Navy has under contract 

"something over 600 researcJi projects m about 100 uni¬ 
versities and non profit laboratories By the end of this 

listal year we will have obligated over 50 million dol- 

lais lot the support of this program We have planned 
to stabilire it at an annual expenditure level of 22 

million dollars" 
General Aurand stated that, under the direction of 

die Researcli and Development Division of the Army, 
"the Tc<hnical Services have at present contracted for 
605 basH rcstarcli investigations, roughly 10 per cent 

ol which arc being tamed on by universities and col¬ 

leges" 

(•eiieral (.raigie said "At present, there arc 54 uiii- 
scrsiues engaged in research and development work 

for die Air Forces, working under 242 contracts These 
contracts cover research projeiis ftir the 12 different 

laUiratories of the Air Materiel (aiinmand, and repre¬ 
sent more than 10 )>ei tent of the 1947 research and 

development funds". 
Iht National Research and Development Btiard, rep- 

leseiiicd by Dr Hafsted at the Engineering College Re¬ 

search Council tonfereme, is a new organization, but 
It is .ictually an outgrowth of die Joint Research and 

Development Board, chartered during the war, estab- 

lislied to avoid rluplicatinn ol efforts 
John R Steelman states in his Report to the Pres¬ 

ident 

"II IS vital thai the funds for liasir support of research be 
administered with the advice of an imaginative group of 
srieniists" Here Steelman is alluding to the National Science 
Foundation CamgKss passed, but President Iruman disap¬ 
proved. a kill for the esiablishmeni of such a foundation 
during the 80th Congress Tbetc was. and is, controversy on 
the advisability of creating such an organization In his 
Memorandum of Disapproval, dated August 6, 1947. the 
President gave as his reason for disapproval die fact that 
the representative group of scientists was given full responsi¬ 
bility for the administration of the Foiinuatioii In his mes- 

Baductien gear oi cudal flew 1*1 engine in ntudied hy tub- 
icctlng it to aimuloled epererting eendiUena. 
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«age the I'rcudent said the role of the tcientisM should be 
"more appropriately one ot advisory nature rather than one 
of full rcsjxnisiliility " 

'Jo quote tlie Steelman report on the matter of the 

Foundation. 

"It IS . recoinmcmlcd that the Congress be urged to estab¬ 
lish at Its next session a National Srienre Joiindation within 
the Executive Office of the President and that the Founda¬ 
tion he aiitliorized to spend S'lU million in support of liasic 
research iLs hrst year, with increasing amounts thereafter 
rising to an annual rate of at least 2'i0 million dollars hy 
I9»7 No restriction should he placed on the Helds of inquiry 
eligible fur support 

"Jhe National Srienre Foinulatiun should lie headed by a 
Director appointed hy the I'rcsideni and assisted hy a part 
time board of distinguished sticnlisls anil educators similarly 
appointed It is recommended that this advisory hoard be 
appointed half within the government and half without 
1 he Federal Government's share in the national science pro¬ 
gram makes it imperative tlul the (.overnnient's scienuhc 
agencies lie represented in the planning of the liasic research 
program 

"Moreover, a portion of the monies ex|>ciidcd in support 
of Imsic research should lake the forni of grants from the 
Guverniiicnt's scientihc bureaus and agencies themselves 
I his IS an iiiiportanl means of strengthening contacts lie- 
tween the govcrnniciit anti private scientists, of keeping both 
groups informed of work in progress and of strengthening 
our total scientiHc effort 

"It IS clear that a portion of the funds expended hy the 
National Science Foundaliuti should he used to strengthen 
the weaker, hut promising, colleges and universities, and thus 
to inciease our total scientihc potential" 

Later in his report Steelman states. 

"While the large role contemplated by the Federal Gov¬ 
ernment will not necessarily lie reherted in a comparable in¬ 
crease in federally-owned and operated facilities, considerable 
incKase is desirable 

"Except in event of military emergency, it is unlikely that 
the Jeiteral (aivernment will have to hiiance the necessary 
expansion in industrial research facilities We should have 
a favorable climate fur such expansion through tax incen¬ 
tives and other established methods, without making direct 
grants to industry ” 

When the bill for the National Saence Foundation 

came up for debate in the 80th session of Congress it 

met some opposition from research men m industry and 

in private organizations (S9, 40). The opposition was 
directed against the government's engaging tn researdi 

and was based on the tenet that basic research could 

best be promoted by tax incentives to industry to in¬ 

duce them to finance fundamental scienufic research. 

Opposition to the passage of the bill was also based 
on the belief that greater diversity in research activibes 

and freedom from political influence can be obtained 

only by encouraging private enterprise to furnish funds 
(41). 

A bill introduced into the SOtli Congress on Feb¬ 

ruary 5, 1947, would have made the Department of 
Commerce a clearing house for scientific and technical 

information 'Fhis bill died in committee (42) It was 
not icvived although certain portions of it reappeared 

in the National Science Foundation bill (43, 44) 
It IS very likely tliat legislation will be introduced in 

the next Congress to create a National Science Founda- 
uon, and it is not unlikely that necessary legislation to 

make die Foundation a reality will be enacted (45). It 
IS also not unlikely that legislation will be re-introduced 
to create more extensive authority for the Department 

ot Commerce to provide a technical service to industry. 

RESEARCH IN THE INTERNATIONAL FIELD 

Although United States firms have studied the prod¬ 
ucts and resources of foreign countries in their own 

lalioratories, w-eking new sources of supply for raw ma¬ 

terials and seeking new products for development, few 

of them have conducted sucntific investigations in the 

foreign field It is true, of course, that many private 
companies have provided engineering and technical as¬ 

sistance on a consulting basis to foreign governments 
and industries, and in this manner a considerable 

amount of American technology has been exported 

In 1942 the Corporacion para la Promocion del In- 

tercambio of Argentina commissioned Armour Re¬ 

search Foundation, m Chicago, to conduct a study of 
Aigcntine industries for the purpose of. 

(a) Discovering ways m which scientific researdi can 

best be applied to the improvement of Argentine 
products already in production. 

(b) Discovering ways tn which scientific research can 

be undertaken to increase or create a demand for 
Argentine raw materials 

(t) Discovering ways m which certain Argentine raw 

matciials can be used to alleviate shortages within 
the country. 

(d) Calling attention, where possible, to opportunities 
for applying known technology which might have 

been overlooked in the conduct of some Argentine 

industrial and agricultural operations (46). 

Specifically studied were jute, hides and leather, min¬ 

erals, dairy products, grains, chemicals, forest products, 
vegetable oils and fuel industries. The survey in many 
respects formed a pattern for similar studies vdiich 

may be made for Argentina and other foreign coun- 
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tries and has led to the dc\clupincnt of a number of 

helpful procedures 

To help develop an ordcily pnigrjin of industrial¬ 

ization in certain fields ot Mexican endeavoi, and to 

promote the development ol industrial technology in 

Mexico, Banco de Mexico undertcxik in 1945 a co¬ 

ordinated series of studies in fields associated with its 

diversified responsibilities and the national interest At 

the instigation of its Director General. Banco de Mex¬ 
ico requested Armour Research Foundation to make 

a technological audit of major areas of Mexican in¬ 

dustrial activity, including coal, coke and other solid 

fuels and by-products, hides, leather, hard fibres and 
forest producu in general, together with related indus¬ 

tries and associated activities in agriculture, technical 

education, and research (47). 
The bask survey was completed and published at the 

end of 1945, but numerous special research projects and 

laboratory investigations were continued well into 1946. 

In April of 1947, Banco de Mexico arranged for a new 

and expanded program. Projects now in progress in¬ 

clude: evaluation of a packing house by-products indus¬ 

try in Mexico, a comprehensive study of fats and oils 

native to Mexico as raw materials for both new and 
industries, evaluation of fluortpar depmits 

with a view toward their beneficiation, and the subiliza- 

tion and nutritional improvement of the tortilla masa. 

(amntnes of this hemisphere in Central and South 

America are becoming more conscious of the essential 

role that technology and research can play in the im¬ 

provement of living standards for their peoples, in the 
stimulation of industrialization, and in the furthering 

of the national economy (48) Fortunately, this view is 
lieginning to lie shared by leaders of govcTnment, indus¬ 

try and banking everywhere 

Financial and government leaders in the United 

States arc also recognizing ,hat scientific knowledge, re¬ 
search skills, and tcrhnolngical know-how form an im¬ 

portant export commodity to assure a continued supply 
of raw materials for our indusriy, to maintain an active 

foreign trade, to provide for hemispherical security and 

to increase the standard of living for our country 

THE MANAGEMENT OF RESEARCH 

Researtn management and organization have their 

own peculiar and characteristic problems (50, 51). That 

this field of management is attracting great interest at 

this time IS verified by the several conferences on re¬ 

search management held during the year, and by the 

great interest in graduate courses and seminan on the 
subject. 
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The Engineering College Research Council held a 
well attended thiee-day meeting in Minneapolis in 

June of 1947 (52) Great interest was shown by a 
laige attendance of industrial, university and gov¬ 
ernment representatives. Proceedings of this conference, 

as well as the previous one held under the same aus¬ 

pices in 1946, are available in booklet form. 
Pennsylvania State College conducted a conference 

on Research Management in October of 1947, again 

very well attended by numerous representatives of in¬ 
dustrial laboratories, universiues and government re¬ 

search agencies Proceedings of the Conference will be 

available early this year. 
The Industrial Research Institute regularly holds two 

or more conferences each year to consider the many 

problems ainnected with operation of research labora- 

tones in industry. 
Well-attended and interest-filled graduate courses and 

seminars on research management, pioneered by New 
York University, have been continued at that institu¬ 
tion, and have been conducted at Illinois Institute of 

Technology and at Pennsylvania Sute College. 
Such conferences have emphasized the fact that man¬ 

agement of research cannot be fitted into a definite pat¬ 

tern even to the extent possible in most fields of man¬ 
agement Each laborat(U7 with iu peculiar cmaditioni 

of personnel, objectives and background presents a 
unique situation taxing the utmost skill, ingenuity and 

understanding on the part of its management to secure 
maximum creative productiveness. The growing short¬ 
age of technical manpower will make even more difficult 

the problems of management, since the skills, abilities, 
experience and know-how of able scientisu must be 
spread even thinner over the rapidly multiplying and in¬ 

creasingly complex problems brought to the laboratory 
for solution. 

RESEARCH IN MANAGEMENT 

The plate of research in management is receiving an 
increasing amount of attention and interest Dr Ray¬ 

mond Stevens, Vue President of Arthur D Little, Inc, 
pointed out before the June, 1947, meeting of the In¬ 
dustrial Research Institute that it was not uncommon 

a short time ago for management to be divided into 
three parts prcxluction, sales, and finance, with the 
head of the organization cither a production, sales or 

financial man, dejiending upon his force of personality 

or family inheritance The three parts were the com¬ 

plete tritiinvirate of management 
"Research is now being accepted as a portion of this 

policy-and-decision-making group". Dr. Stevens contin¬ 

ues “Today’s research director may have the same title 

as that of thirty years ago, but he has much greater 
responsibility”. 

There is a decided trend to make the chief researcJi 
officer a part of top-management, frequently with the 

title of Vice President, and to depend on him to take 
a prominent pan in policy decisions Dr. Stevens sug¬ 
gests that the research director must 

(a) Know and help formulate the over-all future policy 
of the company 

(b) Plan for products and processes leading in the 
right direction. 

(c) Not only explore scientific and technical areas but 

must examine markets, patents, costs and competi¬ 
tion 

(d) Be as thorough in his economic as in his technical 
examination of a new development 

(e) Create and prove new products and processes that 

will reach an attractive market, be free of patent 
or other important restriction, meet competition, 

and make a profit. 

Maurice Holland, Industrial Research Adviser, re¬ 

ports a recent survey on What Management Expects of 
Research and lists the following in the order rated 

by the management of several companies: 

(a) New Products. 

(b) Maintenance of competitive technical position. 

(r) Cutting production costs. 

(d) Sales volume and net profit on new processes and 
producu. 

(e) Serve production through tfevdepnient of new and 
improved processes. 

(f) Be on the level or in advance of the be«t nnukaged 

laboratoriet of the leading coiqpatiiei. 
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(g) Operate like other departmenu of the company, 

not as "prima donnas" of special privilege. 
(h) Serve the chief executive in long range planning 

(i) Demonstrate the dollar value ol research. 
(]) Assist sales with technical service. 

Thus research in industry, and its place in the cor¬ 
porate structure, is becoming more dian a mere fact- 

finding unit concerned solely with scientific explora¬ 
tion (54). As the fountain head of new products, proc- 
cesses, and developments, research has an important 

place in determining long-range industrial policy and 
in providing a needed service to production, sales, and 

distribution as well as an advisory service to financial 

management Industrial recognition of this new role is 

unmistakable. 

Illustrative material for this section was provided 

by Merck if Co. Inc, Johns-Manvtlle Corp, Baltelle 

Memorial Institute, Armour Research Foundation, 

Midwest Research Institute, Mellon Institute, 

Southern Research Institute, Gulf Oil Corp, Gen¬ 

eral Motors Corp, Wesitnghouse Electric Corp, 

Allis-Chalmers Mfg Co, General Electric Co, Ben¬ 

jamin Electric Mfg. Co. 
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CHAPTER III 

AIRCONDITIONING, REFRIGERATION, HEATING 

by David L. Fiske 

In retrospect, the early post-war period for refrigera¬ 
tion, air conditioning and heating will probably be re 

garded as one of marked technical progress. These ad 

vances are not due to the developments in the last few 
years, but rather to those which took place during the 

war. As in many industries, great impetus to peacetime 
practices has resulted from wartime discoveries This is 
especially marked in the field of refrigeration 

The full impact of these wartime changes will not be 
realized for some time to come Indeed, the greatest con¬ 

cern of those at present engaged in these fields remains 

less with technical progress than with reconversion prob¬ 
lems of a purely business nature. Demand has been 

greatly stimulated over that of the pre-war period, and 
as elsewhere materials have been in short supply. For 

this reason, full advantage has not been taken of the 

new products that are both feasible and anticipated 

In the following brief survey, it is impossible to men¬ 
tion all the developments of the war and post-war pe¬ 

riods, many of which have remained secret. This is at 
best an overall survey, intended only to point out the 
most significant trends. 

REFRIGERATION 

The demand for all refrigeration items has increased 
greatly since the war, justifying the claim that this is a 
billion dollar industry The full extent of the new de¬ 

mand cannot be measured since the largest single item 

of manufacture, domestic refrigerators, is still short of 
meeting current needs, along with other durable con¬ 
sumer Items such as automobiles. 

In the field of commercial refrigeration systems, it is 

also doubtful whether supply equals demand, but statis- 

TABLE I 

RLFRICERATINC AND AIR CONDITIONING LQUIPMFNT MANUFACTURED IN THIRD QUARTER OF 1947, U S. A. 

Product 

Total Domesttr Export 

Number 
Value* 
(I00(y$ 
dollars) 

Number 
Value* 
(1000's 
dollars) 

Number 
Value* 
(lOOO’s 
dollars) 

Condensing units 293,238 20,994 msss 19,033 18,009 1,961 

Ammonia refrigerants 419 560 370 510 49 49 
Refrigerants except ammonia 292319 20,434 274,859 18322 17,960 1,911 

Air cooled 283,972 16,808 266,572 15310 17.400 1398 

Open type 117,940 10,456 102391 8,944 15349 1312 
Hermetic type 166.032 6,352 164,181 6,266 1351 85 

Water cooled 8,847 3325 8387 3,311 .560 313 

Cximpressora and compressor units 139342 8,916 151,001 7,946 8341 970 

970 2360 762 1 803 208 457 
Refrigerants except ammonia 158372 6356 150339 6,142 8,033 518 

Centrifugal refrigeration machines 84 2,086 63 1331 21 455 

Heat exchanger equipment - 11346 - 11,056 - 889 

Evaporative condensers 1356 1324 1,407 1.768 149 156 
Unit coolers . 33327 4,797 29,864 4,356 3,863 440 

Air conditioning 4,032 1,492 3.476 1354 556 188 
Refrigeration. 29,195 3,304 26,388 3302 2307 302 

Other heat exchanger equipment - 5324 - 4.930 - 293 

Self-contained air conditioning units . . 15354 9,094 14370 8,454 1,184 639 

Room type. .. .. 7,927 1318 7,021 1,483 906 335 
Other than room type... 7327 7375 7349 6,971 278 804 

Ice making machines.... 1366 627 1.722 489 144 137 

«7 
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tics are at least available to show a marked growth. 
Table I is a typical running summary of manufacturing 
activity in refrigerating machinery for commercial and 
air conditioning purposes. Even the availability of such 
information from the Federal Census Bureau has im¬ 
proved. This information, in much less detail, was for¬ 
merly available only every second year, but it u now 
published quarterly. In this table, the total manufacture 
of 53 million dollars worth of equipment m one quarter 
compares with the total 1937 output of the same prod¬ 
ucts of less than 100 million dollars (1). 

Low Temperatures 

A marked change has uken place in the experience 
of refrigerating engineers with temperatures below —40 
deg. F., which was the minimum commonly employed 
before the war. The new art of low temperatures arose 
in part from the need for oxygen for various purposes, 
including high altitude bombing, as well as from work 
with test chambers for pilots and equipment to be used 
at the low temperatures encountered at high altitudes 
(2). Other industrial and laboratory needs posed sim¬ 
ilar problems, and a variety of systems came into use, 
making —100 deg. F. a fairly familiar temperature zone 
for refrigeration spaces; —250 deg. F. and lower became 
not uncommon in parts of processes or mechanical sys- 

In a widely publicized laboratory-hanger for the Army 
Air Forces, a temperature of —70 deg. F. was provided 
in a room large enough to hold modern air liners, rough¬ 
ly 200 by 250 by 70 ft (3). In conjunction with a new 
method of food storage and shipment, one laboratory 
held a temperature of —160 deg. F. for long periods in 
a room about 30 by 16 by 10 ft. Laboratory test rooms 
of normal size, with temperatures approaching —100 deg. 
F., were built in various places, as were test rooms for 
accommodating trucks and other automotive equipment 
under conditions to be expected in polar warfare (4). 
Among other interesting laboratories was one for testing 
human reactions under conditions of extreme cold (5). 

Refrigerator manufacturers have produced, incidenul 
to low temperature work, standard cabinets and con- 
tainen whi^ provide temperatures down to —100 deg. 
F. or lower (6). These machines can be purchased much 
like household refrigerators, although the cost of oper¬ 
ation is much higher than for refrigerators used for 
higher temperatures. Other more or less standard me¬ 
chanical units have been produced for refrigerating alti¬ 
tude test chambers, where the problem is not only to 
produce low temperatures, but very wide and rapid 
changes of temperature, as well as barometric pressure 
(6). Tremendous wind tunnels have also been built for 
low temperature air researches, such as the one at Cleve¬ 
land (7). 

Refrigeration was used during the war at new low 
levels of temperature in the production of oils and arti¬ 
ficial rubber. It was likewise brought into play in the 
area of lyophilization, or drying from the frozen state, 
a process first developed for laboratory uses and bio- 
logicals (8). During the war, this process was employed 
on a large scale for penicillin plants, calling for large 
ammonia compressors (9). 

Low temperature developmenu were aided by the 
availability of a new refrigerant, F-22, with character- 
istio similar to those of F-12, including low back-pres¬ 
sure for low temperatures. Systems using both these 
fluids were developed. Ammonia and ethylene were also 
used. 

The year 1944 marked the spectacular conclusion to 
a laige refrigeration project when three large tanks of 
liquid fuel gas, at a temperature of below —150 deg. F. 
were responsible for a dhastrons fin whidi dntnyed a 
considetaUe ana in devebnd. 
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Low Side Developments 

In the area of mechanical improvements, as apart from 
any particular use of refrigeration itself, the chief de¬ 

velopments have perhaps been on the so-called “low 

side". Various technical developments have aimed at 
perfecting this part of the system, including improved 

oils for systems of all temperatures, and means of con¬ 
trolling the behavior of the oil within any system (10) 

A related interest has been evidenced for the improve¬ 
ment of drying by means of moisture removal devices 

An effort has been made to improve the operation of 
systems, especially to prevent corrosion (11) The man¬ 

ufacturers of Freon refrigerants have, meanwhile, em¬ 

phasized improvements in their processes for providing 
a drier gas 

New devices have appeared to solve the old problem 
of defrosting. The first one to attract attention was a 

thermo-bank or liquid storage arrangement. Another 
controls the cyclical admission of heat to the evaporator 

in response to the amount of frost built up on surfaces 

The idea of removing the cooling surface to an ante¬ 
chamber, where it may be defrosted, has been intro¬ 

duced (4) 

Some experimentation has been conducted with sys¬ 

tems where the refrigerant is not only used flooded but 

IS pumped through the vessels which provide the evap¬ 
orating surface The development of liquid injectors to 

replace simple expansion valves has attracted the atten¬ 
tion of all refrigeration engineers (12) Capillary tubes 

are now widely used (IS). Knowledge of the design of 
refrigerant-containing vessels in relation to heat transfer 

has been improved by experimental data by Katz and 

others (14) 

The use of low temperatures has made new designs 
for thermal expansion valves essential Due to the flat 

tening of the pressure-temperature curve at low tem¬ 
peratures, the ordinary gas bulb operating in response 
to a few degrees of suction superheat fails to provide 

a suitable range of open-shut responses in terms of tem¬ 
perature A differential value ming two bulb fluids has 

been adopted. 

There has been a corresponding improvement in the 

area of suction pressure valves in order to make control 

responsive to load temperature New studies have also 
appeared on humidity in refrigerated spaces, and on its 

control with conventional equipment (15) 

Insulation 

Not the least remarkable of many areas of progress 

IS that of low temperature insulation. The intensified 
wartime demand acted as a practical introduction to 

many new substances which were more or less experi¬ 

mental a few years before. The choice of new insulants 

was originally stimulated by the domestic refrigerator, 
where lower conductivity offered marked savings in door 

and wall thickness. Much ingenuity has been used in de¬ 

signing these parts. War needs also brought into use 
more expensive materials than had been employed pre¬ 

viously. because of the correspondingly larger volume 
that could be offered to the buyer. Lighter materials 

iwt« at a pi>einium because weight savings resulted in 

lower freight, costs. 

Among new materials, several were of a wood or 
other organic base, others of a mineral wool material. 
Shredded bark, cork and rock cork continued to be 
popular. Hair products, finely spun glass, foam glass 

and expanded rubber are well known. Aerogel is said 
to show extraordinarily low conductivity Loosely at¬ 

tached, thin layers of celluloid film have been used, as 
has the new substance, polystyrene 

Research has revealed the conductivity and other char¬ 

acteristics at very low temperatures of all insulating ma¬ 
terials in some detail (16,17) Studies by C. F Kayan 
have greatly increased technical understanding of the 

behavior of heat in structures where there is not only a 
thickness of insulating material but a conducting mem¬ 
ber (18) 

On the high side of the refrigerating system, per¬ 

haps the most outstanding development has been a 

hermetically scaled compressor weighing about five tons. 
This IS an adaptation of an idea, long applied to do¬ 
mestic refrigerators, of preventing the escape of refriger¬ 
ant gas by enclosing the motor inside the gas system. 

Ihis equipment will probably be more extensively de¬ 
veloped. 

Frozen Foods and Other Applications 

Frozen retail packaged foods went through a consid¬ 

erable b(x>m at the end of the war, although it later 

suffered a commercial setback. But the technical field 
has continued to attract much study, with many im¬ 
provements yet to be achieved. The subject has been 

greatly served by a new edition of Tressler’s outstanding 

book (19). 

Few pieces of refrigeration equipment have bad as 
much technical attention as the home freezer, or deep 
freeze Ihe construction and operation of this device 

have been widely publicized, and a standardization proj¬ 
ect undertaken (20) A marked growth in the number 
and size of locker plants during and since the war has 

been one of the reasons for the heavy demand for re¬ 

frigerating devices. While only about 2 per cent of the 

foods consumed today are frozen, the magnitude of ma¬ 
chines and devices required to produce, transport, store 
and display this material bulks large. 

The whole technique of freezing has been revolution¬ 
ized in the last few years, but many new schemes will 
be introduced in the near future. Various forms of tun¬ 

nel and contact freezeis h.ive been built for freezing 

fruits, vegetables, meats and fish, in and out of the 
package 7'he enormous overseas shipment of frozen 
meau for the armed forces not only strained the freezing 
capacity of producers to the utmost, but hat compelled 

shippers to use all vessels and railroad equipment avail¬ 

able, some of it never intended for use with a frozen 

load. 

This experience, and the laige fleet of merchant ves¬ 

sels built during the war, brought marine refrigeration 

into being as a fully-grown department of the general 

science of refrigeration. A committee of engineers who 
assisted m this development have written a general 

sUndard for marine refrigeration practice (21). A re¬ 
lated development was teen in the field of Naval re- 

frigoatton, calling for many special applications, in ad- 
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dicion to the supply of refrigerated lervices and foods 

to personnel. 
The use of refrigeration by the Army in snuill portable 

units posed new problems for the manufacturing indus¬ 
try and new experiences for the users. Not the least of 
the war influences was the training of a host of service 
mechanics and others, who for the first time became 
familiar with cooling systems and who later carried badi 
thetr experiences into industry. 

Developments in the field of refrigerated foods have 
included the improvement of storage pracuces, odmr re¬ 
moval in cold rooms, and use of circulated air as a 

I iaaar linliig braokar atripa on 3fi eu. It 
DMdala ol food Iraasata. 

BahigaraUng aqulpoisal plofa sm impettoat rela la pia- 
aandag tta petaaeg ol Uolegieola. 

means of preventing food decay (22). The growing prac¬ 
tice of packaging fresh fruits and vegeubles and selling 
them under refrigerated conditions tends to reduce the 
tremendous spoilage which has always been ocpoienoed 
in this work. (2S). Air control in cold storage seems to 
be a developing pracuce, stemming from air flow prac¬ 
tices in comfort cooling systems. Similar to this is the 
increasing use of unit coolers in cold rooms to replace 
stiff dir coils. 

For large cold storage plants using ammonia, a new 
kmd of finned surface, consisting of aluminum disks cast 
on steel pipe, has provided the only advance in low side 
surface in many years. This product, an invention of 
George B. Bright, has resulted in great savings in cold 
storage space and building materials (24). 

The last two years have produced three or four trade- 
named refrigerated truck bodies, all operating from 
small refrigerating uniu driven by gasoline engines. The 
operation ol fleets of refrigerated trucks promises to be¬ 
come a common practice in the near future. Under the 
sponsorship of D. F. Fisher of the Department of Agri¬ 
culture, great improvementt have been introduced in 
railway refrigerator cars. 

Indicative of the mature sute of the art of refrigera¬ 
tion was the establishment in 1946 of the first complete 
indexing service for all refrigerating literature, through 
the periodical. Refrigeration Abstracts, published by 
Professor Mack Tucker of the University of Tennessee, 
It IS published quarterly, with an annual index. 

Remarkable advances have been made in the applica¬ 
tion of refrigeration processes to various phases of pub- 
hc health and mediane. The method for treating cer¬ 
tain disorden, notably shock, by temporarily refriger- 
aung the whole body became known some years ago. 
Dr. Temple Fay has held body temperature as low as 
78 deg. F. for long periods. Further experiments have 
involved freezing ceruin body members incidental to 
suigery, for patients unable to take anaesthetics. 

Domestic Refrigerators 

Efforts have continued toward reducing the wei^t 
and physical size of refrigeraung units in domestic re- 
frigeraton, thus saving material and lowering cost. To¬ 
day’s 8 cu ft refrigerator takes up no more floor space 
than older 6 cu ft models. 

Motors are of the same general design as before the 
war. A single-phase induction motor with split-phase 
starting controlled by an external relay is commonly 
used. The relay cutt out the split phase when the motor 
approaches full speed, giving overload as well as over- 
and under-voluge protection. Motmr size runs 1/8 hp 
for uniu up to 7 cu ft and 1/6 hp for larger sized re- 
frigeraton. Vinyl-formaldehyde resin, which is unaf¬ 
fected by oil or refrigerant and incapable of retaining 
or developing moisture, is replacing cotton as an electric 
insulation. 

Compressor changes have been marked. Greater lma> 
ing area and larger wrist pins are common. In sealed 
units, three idectrical leads and two oi^wr tifoes are the 

only connectfons lequiied between the UMchaiiites sritli* 
ha the cylinder umI ceoqieneiii deaaeswi omtflda. 

A combination tehigemtor and home freeaer iMi 
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come popular, with I.O to I 5 cu ft of freezer apace 

and high humidity freah food apace built in Each com¬ 
partment uaually haa ita own dwr, so that no air circu- 
latea between the two compartments. For the two levels 
of^'^mperature, two refngeraung systems are installed. 

In one make of refrigerator, the primary circuit has ita 
evaporator in the freezer, consisting of aluminum tubing 
brazed to an aluminum shell. The secondary refriger¬ 

ating system uses copper tubing and a control valve. The 
tubing zigzags around the two sides and back of the 

fresh food apace and has thermal conuct with the rear 
of the primary evaporator. This enables the secondary 
system to pick up heat from the lower compartment and 

pass It to the primary evaporator Thus the primary sys¬ 
tem compressor actually refrigerates the entire combina¬ 
tion cabinet. 

With a separate control valve on the secondary sys¬ 
tem, enough evaporator space is available to hold high 

humidity, by virtue of high evaporator temperature, just 
above freezing at all times This means that defrosting 

IS never needed. Defrosting of the freezer section is in¬ 

frequent. Completely insulated from the fresh fcxid sec¬ 

tion, the freezer acquires frost only when the door is 
open Condensation on the wall of the lower compart¬ 

ment runs out through a drain to a pan where it is 

evaporated. 

Am CONDITIONING 

Reconversion from the war effort finds air condition¬ 

ing lagging behind refrigeration. The large demand for 

industrial and comfort air conditioning installations com- 

mosphere, performance of air-cleaning devices, etc 
Other research projects are concerned with the low pres¬ 

sure properties of water and the friction flow of air in 
tubes and ducts. 

Disinfection by Conditioning 

The concept of air disinfection by the use of glycol 
vapors has become well established. Field trials by Ed¬ 

ward Btjgr, H H. Jennings and F. C. W. Olson have 
shown a reduction in airborne infection by the addition 

of bacterial concentrations of propylene or triethylene 
glycol vapors (25). 

A school 560 ft wide and 600 ft long, with a capacity 
of 5 5 million cu ft, has been equipped for distributing 

triethylene glycol vapor. Ductwork constructed of S ft 
lengths of laminated asbestos was used. Uniformly spaced 

on 9 It centers, ceramic venturi-type openings delivered 

glycolized air to the upper portions of the rooms from 
the above mentioned duett in which the air moved at 

relauvely high static pressure. 
Individual units for delivering glycol vapors were 

used in barracks, where experiments were conducted to 

determine the effect of vapor on incidence of respiratory 
infection A reduction of 46.2 per cent in disease inci¬ 
dence resulted from the use of this vaporized air in 

sleeping quarters. Still another installauon of general in¬ 

terest has been recently completed in a large bank (26). 

Dust collection for industrial application has been 

one of the more active phases of air condiuoning. One 
system, employing an electrosutic field in which objects 

Tasting a saw medal hema iraasar at the factoir. 
mon from 1936 to 1941 has not been duplicated as yet 

in the post-war market This is due to a variety of 

facton, perhaps the most imporunt being the shortage 
of all industrial materials, jzarticularly steel. Industrial 

purchasers have had more pressing needs for other ma¬ 
chinery and services. There has been no decline in the 

popularity of air conditioning, but its peacetime expan¬ 

sion must wait upon the satisfaction of more basic needs. 

The delayed post-war boom in air conditioning has 

been due alw to the unexpected cost rise in the building 

industries, which has tended to postpone purchases of 

any but the most basic materials in all kinds of buildings. 

Air conditioning, moreover, had received less pub¬ 

licity and technical impetus from the war than did re- 

frigmtion. This does not mean that it was not insulled, 

nor that new uses for it were not found. Indeed, the 
initial building of war plants created an unparalleled 

demand for comfort cooling in factories, which may 

eventually lead to its univeral application. However, 
with the advance of the war, demand for refrigerating 

machinery for other purposes became so great that it 

WM not possible to expand its use for comfiHt purposes. 

For these reasons, it is difficult to evaluate the final effect 

of die war on air conditioning. 

The new taboratory of the Amerian Society of Heat- 

ing and Ventihtting Engineert in Cleveland is constantly 
inomotiiig new devdopments in its field. Tests are i^ 

profBwt to dettrmfiM the {diyiiological shock effect of 

nawmT air ooBditioniiig, reiiitance to h^ temperature, 

needl iar a faj^ically safe hadnaoial ab 



with like chaiges repel end unlike attract, has been de¬ 
veloped for domestic uses. The field is created by seven 
highly-charged tungsten wires and eight grounded alu¬ 
minum tubes, alternately spaced. Air then passes a dust¬ 
collecting cell, consisting of a large number of aluminum 
plates, alternately chaiging negative and positive. High 
voltage direct current for the unit is jnxiduced from 
sundard current by an assembly of electronic tubes. 

Another system of air cleaning employs a filter unit 
consisting of a special paper mat for use with electro¬ 
static type collectors. Still another has a filter made of 
chemically treated hair. Once fully charged, the filter is 
discharged. 

Dehumidification 

Great steps have been uken in the field of dehumidi¬ 
fication, due in part to the location of muds war ma¬ 
terial in humid areas. The Navy found that metals rust 
and tami^ when relative humidity exceeds 25 per cent 
Mold and mildew begin at relative humidities over 70 
per cent with toaperatures as low as 80 deg. F. Hydto- 

scopic materials, such at foods and chemicals, spoil and 
become useless at relative humidities as low as 50 per 
cent, depending upon the material and its moisture- 
retaining qualities. 

Operating costs for dehumidification systems have 
been cited as 1/20 of one per cent of the value of the 
material handled, with an investment of three per 
of the same value A major airline found that with 
less than a 2,000 dollar investment it could save more 
than 7,000 dollars a year on replacement of radio parts. 

Dehumidification employs two methods: (a) refriger¬ 
ation, and (b) “sorbents”. Refrigeration condenses out 
motsture, cools the air to the desired dewpoint, and then 
reheats it to the temperature necessary to mainuin any 
desired relative humidity. This may be somewhat costly. 
Sorbents, absorbents or adsorbents, on the other hand, 
possess advantages where the dewpoint is below 65 deg. 
and relative humidity is lower than 50 per cent. 

Such dehumidification can be accomplished by static 
or dynamic means Static treatment consists of a con- 
uiner of adsorbent material placed inside the package 
or enclosure to be treated. Dynamic dehumidification 
circulates air through adsorbent material, which u au¬ 
tomatically reactivated to maintain continuous opera¬ 
tion at constant humidity within the treated space. 
Liquid or solid materials may be used (27). 

Psyckomelry and Design 

Considerable effort is being made to improve the de¬ 
sign of systems by calculation of coil surface areas on the 
basis of exact weather or psychometric data Surface area 
IS determined as a function of the mean difference be¬ 
tween total heat of air and total heat corresponding to 

saturation at surface temperature, permitting a graph¬ 
ical solution. This applies only where a portion of the 
surface is in a dry condition (2B). Systematic studies of 
related theory appear in an excellent book on air con¬ 
ditioning analysis by William Goodman (29). 

The measurement of relative humidity continues to be 
difficult. There has been some discussion of a dew point 
method of measurement. It is difficult to find apparatus 
satisfactory for air conditioning and refngeraUng use. 
More exact dau to assist measurements below the freez¬ 
ing point have been cited above (SO). An electronic in¬ 
strument has been proposed for measuring the dew 
point in the fog zone. It uses the inadence and reflec¬ 
tion of light rays on a highly polished mirror in and 
out of the fog zone. 
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Problems Involving Water 

Water treatment i> an important phase of air condi¬ 
tioning. Most natural waters corrode metal and deposit 
Kftle. If these tendencies are not counteracted, they in¬ 
case as the water dissolves impurities in the air. £vap 
oration of water also leaves dissolved salts that contrib¬ 
ute to the scale problem Corrosion can be inhibited by 
the use of an alkaline subsunce to counteract contin¬ 

ual absorption of aad gases from the air, with simul- 
uneous use of a chemical inhibitor such as sodium 

chromate to protect metal surfaces (31). 

in oil rohigorotlng 

To prevent scale formation in cooling towers and 
evaporative condensers in hard water areas, oonunon 
practice is to use surface active materials, such as cer- 

uin polyphosphates, for increasing the solubility of the 
scale-forming salts. Slow-down from the cooling water 
circuit IS regulated to limit concentration of salts. Make¬ 
up water to the system may be treated by means of an 
ion exchange softener. 

inhibition of organic growth from slime and algae is 
accomplished by treating water with germicidal agents 

such as chlorinated phenols, fed continuously in small 
amounts, or intermittently in heavier doses. The germi¬ 

cide must be non-toxtc, and non-volatile chromate used 

for the prevention of corrosion fulfills these require¬ 
ments 

Machinery and Controls 

The current trend in equipment for large air condi¬ 
tioning installations is toward the centrifugal compres¬ 
sor, in capacities from 100 to 2,600 tons. All manufac¬ 
turers stress the steam turbine as a drive for centrifugal 
compressors, permitting the elimination of step gears, 

which are required with electric motors. In installations 
of large tonnage, the added cost of the cooling tower to 
handle the turbine condenser is reported to be small 
in comparison with the total air conditioning installa¬ 
tion. 

A five-stage propane tnmpressor, turbine-driven, has 
been built for the Atlantic Refining Company, with a 
capacity of 1,955 cu ft per min, from a 21 lb per sq in 
al^lute suction pressure at 9,360 rpm. Two similar 
units for the Standard Oil Company of California handle 
sulphur dioxide, for use in the removal of heat reaction 
in petroleum processing. 

New material has been presented on power needs for 
air conditioning systems in various types of establish¬ 
ments. Figures for variation of power consumption dur¬ 
ing the cooling season and its relation to degree days 

above 65 deg. F., are now available. 

In the area of small air conditioning installations 
there is little new to report. Like the domestic refriger¬ 
ator, the small comfort cooler has been regarded, for 
wartime purposes, as a luxury. However, it is now com¬ 
ing back into production. Many of the items mentioned 
elsewhere in this review will be available for improve¬ 
ment; that IS. new and improved materials, controls, 
electric motor equipment, as well as a variety of rede¬ 

signed compresson, including the new hermetic models. 

In the area of conditioning controls, a series of ex¬ 
ceptional studies has been published by Walter Grant, 

permitting new economies of operation not previously 
possible, through the improved use of cooling surface 

(33). Further interest has been evinced on the subject 
of zoning, which provides a means of reducing the load 
on any system. This field had undergone considerable 

development before the war. Zoning is the division of 
a heating or conditioning system into seaions to per¬ 
mit devices to operate inde^ndently. Exposure toning 
accountt for the variations in heat losses or gains from 

wind and tun effect Internal toning compensates for 
variations in people and lighting load. Five basic meth¬ 

ods are: (a) use of separate heating or cooling equipment 
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for each zone; (b) reheating or reoooling: i.e., adding 
or subtracting heat from air already treated, (c) use of 
separate recirculauon fans, in which a single system 
supplies conditioned air to two or more circulaung 
fans, equipped with mixing dampers; (d) dual ducts 
using two supply ducts, each with air at different tem¬ 
peratures and employing mixing dampers at the outlets, 
and (e) volume dampers throttling the air to each zone 
or room by means of automatic volume dampen. 

The best sources of technical data on air conditioning 
are the annual volumes of the ASHVE, and the Re¬ 
frigerating Dau Book (ASRE) (6). 

HEATING 

District Heating 

The present high level of industrial production, 
which has placed such high demands on all industrial 
services, affects the central station heating company At 
the same time, the demand has been stimulated by the 
increased cost of operating and maintaining isolated 
systems. Steam sales have increased yearly, and proinue 
to conunue in the future. 

A major problem of long standing in the heating 
field it the low load factor. As a means of correction and 
control and to make the demand less seasonal attempts 
are being nude to increase the use of steam during the 
the summer months for comfort air conditioning (34). 
Purchased steam may be employed for this purpose in 
several ways, for absorption or jet machines, or for 
steam-driven compression systems of refrigeration. 

Among 50 district steam companies reporting oper¬ 
ating results lor 1946, five had an annual load factor 
between 15.0 and 19.9 per cent: 28 firms reported 20.0 
to 29.9 per cent; 16 firms had 30.0 to 39.9 per cent; and 
one had 43.0 per cent A further means of meeting the 
situation hat been proposed through the use of a 
single large, high-efficiency boiler on the annual base 
load, with smaller uniu to handle the prevailing season¬ 
al load. 

The National District Housing Association recently 
discussed heating costs, finding that a new plant now 
costs 100 per cent more to erect than in 1940, with oper¬ 
ating expenses up 50 to 90 per cent. Production cost 
runs 67 to 77 cents per 1000 lb. in the cate of larger 
companies. The highest selling rate reported was |1 JO 
per 1000 lb (34). 

Research in this field continues. During the war, ex- 
perimentt were conducted on cantorunent heating in¬ 
stallations, including the subject of conosion preven¬ 
tion (35). The use of amines for chemical treatment of 
steam is under study at the U. S. Bureau of Mines. 

Central sution heating is being advanced as a means 
for enabling coal to compete with other fuels in some 
of the new housing projects, as well as a means of smoke 
prevention (36). Meanwhile, the coal industry is in¬ 

vestigating a better method of producing gas, with an 
eye to larger heating, cooking and air conditioning loads 
in homes and elsewhere (37). 

Unit Heaters 
Progress in the unit heater mdustiy has lieen. in the 

mam, an economic one, refleaing the increased demand 
shown by recent sUtistia. The utility of die device, in 
either the propeller or blower type, is high and iu con¬ 
trol by means of thermosuts very satisfactory. 

Radiant Heating 

Radiant heaUng has been the most widely discussed 
popular phase of the heating field. Last year another 

conference on the subject was sponsored by the Amer¬ 
ican Society of Heating and Ventilating Engineers at 
which design standards were diKussed. Representatives 
of many trade groups are participating in a project for 
further study of this nature, breaking down the subject 
to- (a) heat distribution within and behind a radiation 
panel, (b) heat transfer between the panel and space: 
(c) comfort conditions; and (d) controls. 

Much has been published on this subject. The heat¬ 
ing and air conditioning contractors have issued a bul¬ 
letin on the design and installation of radiant heating 
(38). The merits of various methods of locating panels 
has been discussed. (39). Investigations by Raber and 
Hutchinson concluded that irrespective of the kind of 
panel or the method of heating, area and temperature 
can be fixed in terms of the thermal characteristics of 
the structure. When a heat balance analysis has been 
completed, it is then possible, from a knowledge of the 
equilibrium room air temperature and the average tem¬ 
perature of the unheated room surfaces, to evaluate the 
required dissipation rate at a fixed temperature. Various 
conducunce dau for panels of common design were 

ated (40). 
Purser data on operating characteristia of panel 

heaters, compared with conventional tube radiaton, 
have been made available recently from researches at 

the University of Illinois (41). 
Recent practice in England u reported to favor a 

floor heating system using hot water in a surface of 
"dumb-bell” cross section, installed in duct spaces in the 
floor. With a mean water temperature of 160 deg. F., 
and an air temperature of 100 deg. F. in the sub-floor 
a floor surface temperature of 75 deg. F. results in heat 
emuion of about 300 Btu per linear foot of surface, of 

which 270 reach the room (42). 
A heating system using high-temperature hot water 

has been designed for a Florida paper mill, serving four 
buildings. A central heat exchanger receives plant steam 
for initially heating the water. The hot water for the 
individual plantt enters individual exchangers through 
the coils of the radiant heating system in each building. 
Water on the main circuit returns for reheating to the 
central plant. Individual boiler circulating pumps have 

been provided for each area (43). 

There has been some controveny about the merits 
of the closed and open panel heating systems. The 
dosed syttmn is more common with hot water flowing 
through embedded pipes. Utis ptovida only heating, 
but the opmi system pomiis air to be first warmed and 
then drculated, with other {urH^tons sudt fu filteriitg 

being made possible (44). 

Solar Heaiing «Sid the Heed Hemp 
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and iui influenced the design of hornet in tome parti 
of the country (45). 

The heat pump, a device common to both cooling and 
heating, hat alto been greatly puUidied, with at least 

one complete technkal book appearing on the subject 
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(46). In industry, pressure has been exerted by electric 
light companies which view this scheme as a possible 
means of inaeasing the demand for power, especially in 
areas of mild climate. The Southern Research Insutute 
has been active in this field (47). as has the Edison 

Electric Institute (48,49) 
While the notion of using the heat-rejecting phase of 

the refrigerating system for heating purposes dates from 
the time of Kelvin, practice has still been limited to a 
few business and residential buildings. Economic jusu- 
fication rests in the use of one system to both heat and 
cool, depending on the season. A major obsucle has 
been to find a source of low-temperature heat in winter, 
and solution has been sought recently in the use of 
wells or other means of getting heat from the ground 
In the last two years, commercially designed uniu ready 
for home installation have appeared on the market 
Moreover, a heat pump phase has been introduced into 

refrigeration systems of more or less standard design. 

Several hundred units are in operation. 

Effect of Housing Boom 
The current abnormal activity in new-home construc¬ 

tion presents an opportunity for experimenution with 
new ideas. We have seen the advance of radiant heat¬ 

ing, mentioned above. Small, one-story homes, heated 
solely by a warm concrete floor, serving also as the 
foundation, have become common. Freedom from either 
radiators or air circulating equipment is cited in favor 
of this scheme. 

Another home system attracting attention consists of 
a forced air circulation system in which heated air is 
arculated above each room over a false ceiling. The 
atr merely heats the ceiling without being introduced 
into the room. Air introduced to a heated room through 
ducts shaped to the floor molding is a new scheme of 
some promise. 

Sull another new system, undergoing extensive tests 
at the Pierce Foundation, involves the circulation of a 
high-temperature heat conveying fluid from a central 
plant This energizes not only the heating system of the 
home, but also the cooking stove, hot water heater and 
refrigerator. 

Illustrations for this chapter were obtained 

through the courtesy of Henry Vogt Machine Co, 

Carrier Corp, American Society of Refrigerating 

Engineers, American Air Filter Co, York Corp, and 

Brown Boven Corp. 
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CHAPTER IV 

CEMENT AND ROCK PRODUCTS 

by R. F. Feind and Edward H. Baxa 

CRUSHED STONE 

Since the end of the war the pent-up demand for 

crushed stone for new construction of roads, dams, and 

other concrete structures has resulted in an increasing 

demand for new machinery and revision of plant de- 
sign (1) 

During the war very few advancements were made 

in the crushed stone industries Only those plants which 

had received orders tor crushed and graded stone to be 

used on army airport construction and similar vital 

stone requirements were permitted to purchase new 

equipment and revise plant design to meet uartime re¬ 

quirements Then, too, the hurried demand for this 

construction material necessitated, in many cases, tem¬ 

porary plant changes which were not always completely 

suitable for the commercial production of stone after 

the war (2). 

Certain definite trends in crushing plant design and 

pracuce are evident 

Plant Design (3,4) 
In almost all of the present crushing plants, die 

stone from the quarry is fed to a primary cruslicr and 

then conveyed chrectly to die screening and re-crushing 

section of the plant This results in a very irregular 

stream of material passing through the entire plant, due 

to the peak loads of quarry operations Widi diis irreg¬ 

ular feeding, it is difficult to obtain efficient screening 

and proper grading of die stone. There are short periods 

of time when no stone is passing dirough the plant, at 

other times the screening and rc-aushing section will 

be overloaded from the resulting operauons 

To improve plant operations and eliminate surge 

loads through the plant, a surge or storage pile is placed 

between the primary crudier and the remaining por¬ 

tion of the plant (5) A feeder is installed underneath 

the storage pile which feeds onto a belt conveyor, de¬ 

livering the stone in an even stream to the rest of the 

plant; and, as the peak loads are eliminated, better 

grading, which is necessary to meet speafications, and 

greater screen capacity are obtained The present trend 

is to install a primary crusher, which has a large re¬ 

ceiving opening to take the power-shovel feed, ahead 

of the surge pile. This crusher should have a capacity 

in excess of the rest of the plant beyond the surge pile 

since if there is a delay caused by quarry operations, 

the crusher will have sufficient capacity to catch up with 

the remaining portion of the plant and maintain an 
even, uninterrupted feed. The irregularities occurring 

in the quarry operation are due to the necessity of 

moving the sturvel, halting Aovel opetations to second¬ 

ary blasting, waiting for trucks, bad weather, and other 

quarry interrupuons 

In many plants wheie the quarry is located tielow the 

ground level, it is necessary to haul the stone up long 

iniliitcs to tlie primary crusher, which is located above 

ground lo eliminate this long haul up steep grades to 
die primary crusher, many plants have located the 

crusher down in the quarry below the quarry floor and 

elevate the stone out of the quarry by belt conveyors. 

Ihc conveyors discharge the stone either to a suige pile 

down in the quarry, from which it will be elevated by 

IkU conveyor to the remaining portion of the plant, 

or to a surge pile at ground level Other planb con- 

sidei making this change (6 to 9). 

A croM-Mction of lb* multi-impact pulverUag miU. b- 
voittt* breaker plotee break DOB-abioeive moleriole is 

five etoges. 

Sereeuiag agrieullural Umesteae in a Seulk CareliBa 
plant The double deck eaeen la 5 by U it 
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Slone Sand 
When crushing stone, approximately 20 to SO per 

cent IS too small for coarse concrete aggregate, railroad 
ballast or other immediately salable products. It is some¬ 

times very diflicult to find a ready market for this fine 
material By processing this stone, it can be converted 
into salable products, such as stone sand, and in the 
case of limestone, into both stone sand and agricultural 
limestone 

Slone sand is receiving considerable attention as the 
line aggregate in concrete mixtures, so that many plants 
have installed, and others are considering the installa¬ 
tion ol new equipment for the production of this mater¬ 

ial It has become especially popular on large govern¬ 
ment projects. 

Stone sand is produced by crushing and grading stone 
to the required speafications There arc two processes, 
wet and dry When limestone or other non-abrasivc 

stone IS to be processed, a pulvcrator or hammer mill 
can be used to reduce the stone to the top size in the 
specifications The stone is fed dry to the pulverator 
and then fed to wet classifiers where the excess minus 

100 mesh material is removed. However, where abrasive 
stone, such as trap riKk, granite, or quartz, are being 

treated, wet grinding rod mills are usually considered 
The dry process for abrasive stone is the same as the 

wet, with the exception that the excess minus 100 mesh 
IS removed in an air separator and the rod mills are 
operated dry. 

Primary fines produced by the coarse crushing jaw 

or gyratory crusher are not acceptable in some cases, 

since these fines may contain too many flat and elon¬ 
gated particles. Crushing rolls also have a tendency to 
produce fiat particles and are not used for this reason. 

The tendency to form flat and elongated parudes de¬ 
pends on the physical characteristics of the stone. If 

the stone breaks cubical, all or a portion of it can be 
added to the sand produced by pulverators or rod 
mills In some cases the proper grading to meet speci¬ 

fications cannot be obtained by merely crushing the 
stone and removing the fines It is then necessary to 
screen the intermediate sizes and blend them to obtain 
the proper grading (10) 

Agricultural Lime 

In limestone crushing plants the fine waste material 
can be sold as agricultural lime (11). This material is 
produied by streening out the fine stone and pulver¬ 

izing the oversize in hammer-type pulverators to meet 
the speafications 

Inlermedtale Size Stone 

Ihe war has held up highway construction, and the 
post-war demand for materials or construction for new 

highways and reconstruction of old highways has in¬ 
creased greatly Due to the high cost of concrete, many 
of these highways are being surfaced with black top, 

which requires an intermediate size stone To meet 
this new demand, crushing plants are installing addi- 
uonal secondary crushers to produce a greater percen¬ 

tage of intermediate sizes. 

UNITS FOR TYPICAL DRY PROCESS PLANT 
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Summary 

The increased {x>si-war demand for intermediate size 
stone and for crushed stone of all sizes, the desirability 

of maintaining an even flow of material through the 

plant, the demand for more cubital stone, the neces¬ 

sity for better size grading to meet close specifications, 

the intreased use of stone sand and agricultural lime¬ 

stone, and greatly increased labor costs tharactenze re¬ 
cent trends in the crushed stone industry This has 

resulted in an increasing number of plant moderniza¬ 

tion programs, svhich should intrease efficiency of oper¬ 

ation, utilization of all products, and improve labor 

conditions (12 to 14) 

CEMENT INDUSTRY 

Genexil CoiidUiou of the Industry 

The Portland cement industry, although at present 

one of the healthiest in the United States, has passed 
through a relatively long period during sshich plants 

were forced to operate under adverse conditions 

The greatest giowth of the cement industry in the 

United States is generally considered to have occurred 

between 1915-1928 The normal replacement, mcxleni- 

i/.itinn, oi thorough rehabilitation of plants built dur¬ 

ing this ])eriod, or before, slioulcl have taken place be¬ 

tween 1930 and 1940 Such normal processes were in- 
tertupied during this period by the business depression 

Furthermore, the demand for cement was rather low 

and ambitious modernizatioi} and rehabilitation pro¬ 

grams could not be economically justified 

During the years 1940-1945, when market conditions 

were improved and the size of the post-w’ar demands 

for cement became evident, new' construction and mod¬ 

ernization of old plants could not be undertaken be¬ 
cause of wartime limitations and shortages During this 

time, even the most necessary repair parts were often 

diflicult or impossible to obtain, 

liiimediately after the cessation of hostilities, the de¬ 

mand lor Portland cement skyrocketed to new levels, 

which made it necessary lor the plant operators to de¬ 

vote their entire energies, resources, and what person¬ 

nel they had at their disposal toward the prcxiuction 
of cement, at the expense ot the long delayed modern¬ 
ization (15) 

Aftei approximately 5 years ol operation under war¬ 

time conditions, most cement plants had seriously de¬ 

pleted. or in many cases used up entirely, their stock 

ol repaii parts Due to heavy backlogs, strikes, and 

sled sliortages, these parts could not be quickly re¬ 

placed by the manufacturers of equipment 

As a result cif this combination of adverse factors, 

many plants and considerably more equipment, which 

would normally have been replaced or mcxlcrnized 

vears ago, are still in ofieration texlay 

Management in the cement industry realizes that the 

present favorable market conditions will not always 

exist, basing their judgment on the past history of the 
industry Recognizing that over a considerable share 

UNITS FOR TYPICAL WET PROCESS PLANT 
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of the last decade the cement industry had potential 
producuon capacity in excess of the demand, which 
led to keen competition, many plants have planned or 
undertaken modernization and rehabilitation programs 
designed to decrease their consiimpuon of fuel, power, 
and man-hours (16) 

llte cement industry in the United States has been 
developed to a rather high degree, and plants have al¬ 
ready been built and operated at strategic locations for 
the supply of raw materials, fuel power, and markets 
As a result, few very new plants are being considered 
completely In most instances, new construction being 
planned or actually underway has taken the form of 
rehabilitation and modernization of existing plants, 
they arc utilizing as mucli of the existing structures 
and equipment as possible Existing structures and 
equipment will become a part of the modernized plant. 
.Since new construction will be atcomplished with lim¬ 
ited manpower during a period when the demand for 
lemciit IS great, the projected modernization must be 
worked out with a minimum of interference with the 
prculuction of the existing installation Such programs 
can liest be carried out by making i arcful long range 
plans, and carrying out the construction work in stages. 

In general the overall plant design of a new plant, 
or a modernized existing plant, incorporates about the 
same features and is intended to accomplish the same 
results Perhaps the most outstanding trend in general 
plant design is toward the continuous flow of all ma¬ 
terials This involves increased mechanical handling 
equipment and a minimum of storage and rehandling 
Such design, effectively worked out, contributes greatly 
toward reduction of man-hours expended per unit of 
output and greatly reduces the capital investment re¬ 
quired for handling materials while in process 

The continuous flow of materials shown in the accom¬ 
panying diagram was laigcly made possible by note¬ 
worthy advances in the design of more efficient clinker 
coolers (17) These reduce the temperature of the ro¬ 
tary kiln product sufficiently so that it can pass directly 
to the grinding stage without the need of stock pihng 
for final cooling 

Because cement is a product on which the margin 
of profit per unit is small, cement plants must handle 
large tonnages of materials. Their transportation con- 
sututes a sizeable portion of production costs This has 
dictated that plants be located both where raw ma- 
tcnals arc immediately available and the product con¬ 
veniently marketed When plants were built, many of 
the otherwise ideal locations were not served with ade¬ 
quate quantities of low-cost electrical power. As a re¬ 
sult, they were forced to pitiduce power for their own 
needs. Since rotary kilns were then comparatively short 
and quite inefficient, many plants were installed utiliz¬ 
ing waste heat boilers for the generation of steam. 

The gradual development of longer and more efficient 
rotary kilns, heat recuperating devices, and the moK 
widespread distribution of low cost electrical power, 
has caused many plants to abandon the use of waste 
heat boilen in their plans for modernization (Ig). Since 
the trends in any industry are closely linked with the 
developments of equipment, the various phases of ce¬ 
ment manufacture can best be discussed under one or 
the other stage of the production process. In general. 
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the objectives of the trends in the design of these de¬ 
partments are either to produce better cement, use 
man-power more efficiently, or reduce the consumption 

of electrical power or fuel In many cases all of these 
factors are involved 

In order that this explanation may be made more 
specific and more readily undersundable, the balance 

of this discussion will be by department, roughly cor¬ 
responding to the order in which the processes are ap¬ 
plied to materials in a plant producing Portland ce¬ 
ment 

Quarries 

Many existing plants were originally designed with 
railroad equipment to haul materials from the quarry 

face to the crushing department Although this equip¬ 
ment was reliable and served the purpose well, large 
quantities of manpower were required to move conun- 
ually the temporary railroad tracks m the quarry to 

Oyraieiy cnisliaM previd* low pewor and maintononea 
eeala for high capacity primary or Mcondary eruahing. 

Oil eireulotien ia built-in. 

Aflar crushing, matarial is dischorgad through epan bot¬ 
tom of primary gyratory crushar. Sisos rongo bom 30-iii. 
to 72-ln. load oponings with capodtlos Irom 50 to 3500 

tons par hour. 

keep them near the advancing quarry face so that the 
raw materials could be loaded by means of power 
shovels. 

The development of modern motor truck and crawler 
crane equipment has in many cases caused existing 
railroad haulage equipment, with its high manpower 
requirement, to be replaced by motor truck haulage 

This IS particularly true where the distance from the 
quarry face to tlie crushing plant is relatively short. 

Because of the job’s nature, secondary blasting is al¬ 
most invariably a hand operation which requires con¬ 

siderable manpower In an attempt to reduce secondary 
blasting, and consequently the amount of manpower 

required to an absolute minimum, most quarries use 
power shovels capable of handling comparatively laige 
pieces of stone. 

Crushing Plant 

The use of larger power shovel equipment in the 

Aecalaralad drying ei alutry ia Ih* iaod and el a retory 
kUa ia wet ptoceM operalieBa ia achieved by a potealed 

ehahi ayatam. 
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stone quarries has led to the design and usage of pri¬ 

mary crushing equipment having the largest possible 
feed openings, thus reducing the necessity for secondary 

blasting in tlie quarry 

As a general rule, the tendency is to crush the raw 
materials to finer sizes, since the deselopment of fane 

reduction crushers has made it cheaper to reduce the 

particle size of the raw materials within ceruin limits 

by crushing than by grinding in a ball mill 

Raw Grinding Dr pat! men! 

Perhaps the most notewortliy trend in the cement 

making process has been that of grinding raw materials 
111 a relatively short ball null, operating in closed cir¬ 
cuit with either an air separator in dry process plants, 

or a wet classifici in wet process plants Sucii grinding 

circuits reduce the raw materials to a uniformly small 

particle size without the production of an excessive 
amount of extremely fine particles (Hosed circuit grind¬ 
ing IS particularly advantageous when the raw material 

consists of a mixture of hard and soft components In 

the conventional open circuit null, all of the materials 

would be retained in the null until the hardest com¬ 

ponent had been reduced to the desired size In die 

mcxlcrn closed circuit system, the materials are retained 

in the mill a comparatively short time, after which they 

are passed through the classification device where par¬ 

ticles ot an acceptable size are removed as product, and 
the balance, consisting of coarser particles, is returned 

to the mill for more grinding This metliod of grind¬ 

ing produces a more acceptable product at a power 

consumption of from 10 to 30 per cent less than would 
be used by the conventional open circuit grinding 

system (19) 

Storage and Blending of Raw Materials 

The development of more accurate and more prac¬ 
tical feeders has led to a general trend toward obtain¬ 

ing more accurate proportioning of raw materials as 

they are fed to the raw grinding mills, thus reducing 

the need for an excessive capacity in blending tanks 

and bins. 
With the increasing rigidity of cement specifications 

and the variety^ of speaal cements requested by con¬ 

sumers, there has been a tendency to favor the wet 
process for the manufacture of cement, mainly because 

It IS more feasible to blend raw materials for special 

cements in the form of a liquid slurry than it would 
be to blend these materials in a dry, finely ground 

state (20,21.22). 

Burning Department 

Because the fuel consumed for the production of 

cement is one of the largest items in the cost of cement 
production, considerable attention has been given to 

the development of rotary kilns and auxiliary heat re¬ 

cuperating equipment. Perhaps the most noticeable 

trend in the cement industry is toward the use of 

longer roury kilns and the most effective heat re¬ 

cuperating eqiuipment obuinable (29). 

When most of the existing cement planu were built, 

rotary kilns used bad an average length of between 150 
and 200 ft. The rotary kilns used in modem planu 

have an average length well over 300 ft with a maxi¬ 
mum length ol around 5(KI ft 

Ihese longer rotary kilns employ such heat recuper- 

ataing devices as chain systems (on wet process kilns) 

and air quenching coolers Ihcsc coolers recover as 
much as 75 per cent ot the sensible heal in the clinker 
as It IS discharged from ilie kiln and return it to the 

kiln III the form ol preheated air for combustion (24). 
'Ihey also render tlie clinker easier to grind (25), and 

ccMil It to a temperature where it ran be passed directly 
to the clinker grinding department 'I'liis eliminates, 

to a large extent, the lU'cessity of stock piling for final 
cooling 

Modern rotary kilns employ many automatic con¬ 
trols and instruments to control and record tempera¬ 

tures pressures, and other performance characteristics 
This permits operators and management to check care- 
lully on the perlonnance of various units The record¬ 

ing ot such performance data improves the utilization 
of fuel (26), materials, and manpower with a degree 

of efficiency which was previously impossible 

Clinker Grinding 

Heretofore tlie clinker produced in rotary kilns, after 

being cooled in inclfitient coolers and stock piles, was 

blended with a certain proportion of gypsum and fed 
into lung lompartment mills, so that all compartments 

should lie doing their relative proportion of the work 
(27) However, some compartments would run either 

overloaded or underloaded at almost all times, thus re¬ 

ducing the overall efficiency of the grinding mill Some 
attempts were made to overcome this by using integral 

screens, various kinds of division heads between com¬ 
partments, and other devices which gave some desir¬ 

able results but which led to considerable complication 
of the entire unit The latest trend in equipment » to 
do clinker grinding in two stages The preliminary mill 

usually operates in open circuit, the prcxluct going to 

the secondary mill 
The secondary null operates in closed circuit with an 

air separator, the oversize from which ran be returned 
in any proportion to the feed end of either of the two 
mills With such an arrangement, it is possible to bal¬ 

ance the work between the two mills, adding greatly 
to the effiaency of the, entire circuit 

The difficulty in obtaining spare parts experienced 

by most operators in recent years has no doubt been 

the basis for the renewed tendency to use duplicate 

mills in the raw and finish grinding sections, even 
though the circuits in which they are used may be 
somewhat different By such careful planning, it is pos¬ 

sible to operate several mills with only one stock of 

spare parts. 

Packing Department 

llie packing departmenu of most cement plants have 
not changed in principle for many years. However, 

most modern cement planu find it necessary to main¬ 

tain a rather laige number of cement storage silos with 

a very flexible handling system for either bulk loading 

or packing into bags. There has been, and no doubt 

vnll continue to be, a decided tendency for large con- 
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sumen of cement to sample, test, and purchase an en> 
tire silo full of cement to be held in storage for them 
at the cement plant until it is delivered. This practice 
makes it necessary for the cement plants catering to 

large consumen to have rather large storage facilities. 

Since many of the major developments requiring a 

pronounced departure from existing practice originate 
with the operaton (S2), addiuonal new developmenu 

in the industry can be qxpected as soon as the rehabilita¬ 
tion program gels underway (SS). 

New Products of the Industry 

Large amounts of research work are conuually being 
done by the cement industry to develop cements to 
meet specialized job conditions and to obtain certain 

characterisucs. It can be said that cements have been 

developed to meet almost every major construction 
problem. Perhaps the most nouble of these recent ad¬ 

vances has been the development of air entraining ce¬ 
ment, which has been found superior to any previous 
product in resisung repeated thawing and freezing, and 

resisting the effects of chemicals now so commonly used 
on roads to remove ice and snow (28 to 31}. 

Air entraining cement also has advantages in that 

the concrete resulting from its use is more fluid and 
can be more readily worked into forms 

Summary 

In general, the attention of cement plant operators 

and management has, for the past few years, been di¬ 
rected toward production. Plans for rehabilitation have 

been made but the actual execution of these plans has 
not reached its peak. 

VSK 
s of a Moaiee COr oOeo bufUiaff. 

Illustrations for this chapter were obtained 

through the courtesy of Allis-Chalmers Manufac¬ 

turing Co, Pioneer Engineering Works, Inc. Cater¬ 

pillar, Lone Star Cement Corp, Nordberg Manu¬ 

facturing Co, and Cham Belt Co. 
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CHAPTER V 

CHEMICAL INDUSTRY 

by F. J. Van Antwerpen and S. L. Tyler 

Synthetic Fuels 

The largest single technical advance publicized in 

the United States during 1947, was toward the perfec¬ 
tion of a process for making liquid fuels from natural 
gas or coal The process for making such fuels is basic¬ 
ally the Fischer-Tropsch synthesis ot which there arc 

many variations. Various trade names applied to this 

reaction are Kogasin, Syntliol, Synthine, 0X0, and 
Hydrocol (1) Two plants are now being built in the 

United States for the production of liquid fuels from 

natural gas (2) They are the Carthage-Hydrocol plant 
at Brownsville, Texas, and the plant being built for the 

Stanobnd Oil and Gas (Company at Hugoion, Kansas 
The synthesis as developed in the United Stales dif¬ 

fers in many ways from the old Fischer-Tropscli process 

of the Germans The basis for the German develop¬ 
ment is the gasification of coke from lignite materials, 

using steam and air or oxygen to make a mixture of 
carbon monoxide and hydrogen This gas was reacted 

in massive heat exchangers over a cobali-thona catalyst 

The limitation of the German process was that oi re¬ 

moving the heat generated The American process be¬ 

gins with natural gas to make a "synthesis gas" of car¬ 
bon monoxide and hydrogen This reaction is carried 

out in the presence of high purity oxygen and develop¬ 
ment of a cheap process for producing oxygen is an¬ 

other important phase of chemical development whidi 

evolved through the year, and this will be covered in 

this article 

For convenion of a "synthesis gas" to liquid products, 

the mixture is reacted in the presence of a fluidized 

iron catalyst. The fluidization of catalysts is a war time 

development in the United States, and by reacting the 
synthesis gas in the presence of a turbulent, fluid, solid 

gas catalyst, the exothermic conditions are controlled 

very easily, either by heat exchangers in the reaction 

bed or by removal of the hot catalyst by blowing it 

out of the reactor at a faster rate (3,4). The various 

processes differ mainly in the manner in which the syn¬ 

thetic gas IS treated to make the hydrocarbon products. 

The Kogasin synthesis uulizes a synthesis gas in the 

ratio of one carbon monoxide to two of hydrogen, and 
iron, cobalt, and nickel catalysts at atmospheric pres¬ 

sures. The Synthol synthesis varies tlie radio of carbon 

monoxide to hydrogen from 1:2, to I I, and the catalyst 

used is an alkali treated iron. The pressure is high- 
about ISO atmospheres. The difference between the two 
is that the Kogasin process produces carbon dioxide. 

In the O. X. O. {woceis. (defins are charged along with 

the synthetic gas to produce aldehydes. 

The producing units now being planned for the 

United States arc estimated to have a capacity of 7000 

barrels a day It is expected tliat they will produce 5800 

barrels of gasoline, and 1200 barrels of diesel oil The 
cost of producing synthetic fuel in the United States, 

where natural gas costs 5^ (U S. cy) per 1000 cu. ft. 

IS said, by the designers of the Hydrocol process to be 

(.ompetiiiic with the liquid fuels now being made from 
petroleum In addition to the gasoline and diesel oils 

produced, there will be a tremendous quantity of chem¬ 

icals as by-products and it is expected because of this 

ihe processes will liecome a principal source of basic 

organic chemicals, particularly those used in the cellu¬ 
lose plastics, and acetate rayon industries It has been 

estimated (2) tliat 10 such plants will produce chem¬ 

icals equivalent to 26 per cent of the acculdehyde used 

Lorg* pilot plant eonvoits nolural got to goaoliao by 
modlfiod Fiachor-Tropoeb pneoaa. 



in the United States at present, Si per cent of the ace¬ 

tone, 77 per cent of the ethanol, 35 per cent of the nor¬ 
mal butyl alcohol, 71 per cent of the normal amyl alco¬ 
hol, and 87 per cent of the acetic acid. The estimated 
production of otganic chemicals from the Carthage-Hy- 
drocol plant is shown below (2). The Hydrocol tech¬ 
nique is similar to the Synthine process described above. 

CARTHAGE-HYDROCOLS CHEMICAL 
PRODUCTION 

Annual Production 
(in 1,000 lbs) 

Chemical Production 

Methyl alcohol . . 730 

Ethyl alcohol. . 63,680 

n-Propyl alcohol . . 14,400 
iv-Bntyl alcohol . . 4370 
n-Amyl alcohol . . 1,060 

Acetaldehyde .. . . 9,100 
Propionaldehyde . . 1,930 
n-Butyialdehyde . . 2.750 

Acetic acid . . 24,700 
Propionic add . . 8,700 
n-Butyric add . . 4300 

Acetone . . 11,200 
Methyl ethyl ketone . . 4,780 
Methyl n-butyl ketone . . 250 
Methyl n-propyl ketone. 

. 

Toul . . 162,450 

Some concern is being shown for the supply of nat¬ 
ural gas in the United States, and whether there will 
be enough available for the synthesis plants when they 
are ready for operation However, testimony given be¬ 
fore the Senate (5) indicates that sufficient quanuiies 
of gas are available to supply raw materials for the syn¬ 
thesis of 300,000 to 500,000 barrels a day of liquid fuels. 
The fact is that large quantiues of natural gas are 
available far from centers which would use the ma¬ 
terial as fuel, and such fields are primary locations for 
the construction of synthesis plants The production of 
chemicals from this source is almost a certainty, and 
recently one large chemical company announced that 
It entered into an arrangement to purchase all the 
water soluble organic cheimcab from the Brownsville 
and Hugoton plants 

At a meeting of the American Institute of Chemical 
Engineers at Detroit. W. C. Schroeder, Chief of the Office 
of Synthetic Liquid Fuels, Bureau of Mines, stated that 
the cuirent high demand for liquid fuels makes the syn¬ 
thetic production of fuels feasible now. There is a 
petroleum shortage in the United States, and he states 
as proof the gasoline rationing in the mid-West during 
the summer of 1947. The reasons for the shortage of 
petroleum at present, aside from securing steel neces¬ 
sary for building new facilities, is the low rate of 
discovery of petroleum reserves. Exploration after 1938 
has provided about only half of the oil we have been 
using. This has not been due to a low rate of caqilmra- 
tion, but during 1946 and tte early part of 1947, 3 or 
4 tunes as much work has gtuie into ex|)loratioil as 
before the war. The ladt of petndeum is due to in¬ 
creasing difficulty in finding it. The second inqwrant 



Although plant InToatinont la about triple, aynthotie gaaotino will coat about tho aamo aa thot irom etudo oil. 

UtUiaatiou oi voat coal roaoureoa ia poaaibU through tho high prooaura hydrogonotioa procooa dooolopod by tho U. S. 
Buroou oi Minoa; thia procooa (Borgiua) originotod ia Goraiaay. 

factor IS the sharp rise in the demand for oil At the 
present ume 90 per tent of the locomotives on order 
have oil'burning Diesel motors The demand is at the 
highest rate in history The automobiles now in use 

are consuming more oil per car than Ireforc the war, 
farma and farm machinery are demanding more and 
mote oil, and in addition we have a growing avia¬ 
tion industry needing larger quantities of high-octane 
gasohne. 

All of this has resulted in the need for petroleum of 
4 million barrels a day before the war, to 5 million 
barrels a day during the war, and to 5.5 a day at the 
present time. It is predicted that before 1951, the de¬ 
mand will read* 6 million barrels. It is not possible 

to supply such demand from our present reserves, and 

there is no promise that the reserves can be increased 
sufficiently by further exploration Hence production 
of synthetic liquid fuel is seen and planned as a logical 
source of supply 

Natural gas was not the only source of hydrocarbons 
for this synthesis. In March of last year the Pittsburgh 
Consolidated Coal Oimpany and the Standard Oil De¬ 
velopment Company, which is the central technical 
organization of the Standard Oil Company of New 

Jersey, announced that they were building a pilot plant 
to study the complete gasification of coal. They will 
spend about $500,000 on the experimental work, which 
will stress the application of the fluid catalyst process 

U> the gasification of coal. The objective is to obuin 
"syntlicsis gas" for a Fischcr-Trops^ plant. The pilot 
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plant that is being constructed is planned to consume oil be used to make synthesis gas which would in turn 
about 50 tons of coal a day, and will produce about be converted to gasoline. It was also suggested that the 
2.5 million cubic feet of gas suitable for synthesis into Fischcr-Tropsch plant burn the heavy, coky materials 
liquid fuels, and also into a gas fuel as a heat source of petroleum refineries which are not being used to 
for manufacturing purposes Company officials visualize best advantage at present, 
construction of huge gasificauon plants at local mine 
mouths, and the high volatile coal of the Pittsburg Oxygen Production 
region is said to be quite satisfactory for this purpose One of the important adjuncts is the producuon of 
As for cost, while the production of gasoline from large quantities of relatively high purity oxygen (1, 8 to 
natural gas is competitive at present with petroleum 15) The use of oxygen produced by the Linde-Frankl 
produced gasoline which bnngs at tlie service station process is well known High purity, better than 995 
about 22< a gallon, it was felt that gasoline from coal per cent oxygen, is necessary for the present industrial 
could not be sold for less than S0< a gallon. uses of liquid oxygen and the Linde-Frankl process 

Preliminary work indicates that about 100 gal of turns out such a product However, during the war, ex- 

synthetic gasoline and diesel fuel will be obtained from tensive research was earned out in the United States on 
a ton of coal (6). Other uses have been visualized for the production of oxygen for use in high altitude air- 
the Fischer-Tropscli process (I, 7). In addition to the craft The product did not have to be of extreme punty, 

use of gas from coal, it has been suggested that fuel and from the war research have come many new ideas 
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and a great impetus ior the production, on an indmtnal 

scale, of oxygen of about 90 per cent purity During 
Uie year the Linde Air Products Company announced 

that they had in operation a modihed Linde cycle 
which, having a steady gas demand, could produce 
gaseous 90 per tent oxygen at 3 lb pressure for less 
than $6.00 a ton The pilot plant they have in opera¬ 
tion has a capacity of 200 tuns of oxygen a day (13) 

The uses envisaged for low cost oxygen have been 
listed (I) They are. 

(a) Tor the production of gas from coal by con¬ 
tinuous complete gasification for use as aty gas 
of current or increased thermal content 

(b) For the production of gas with a composition 
suitable for synthesizing hydrocarbons, oxygen¬ 

ated products and ammonia from coal and 
natural gas 

(c) For the uxidaliun of ammonia and sulphur 
dioxide and lor the partial oxidatioti of or¬ 

ganic compounds to derivatives. 

(d) For the roasting and burning of sulphide ore, 
pyrites and other sulphur-containing com¬ 
pounds 

(c) For the smelting of iron ores and the refining 
of iron in Bessemer converters and open 
hearths 

(f) For the combustion of fuels where unusually 
high temperatures are advantageous, such as 
calcining and perhaps even for the direct com¬ 
bination of nitrogen and oxygen 

Ihere is a possibility that cheap oxygen may revive 
the Deacon process, and that hydrogen peroxide may be 
found more economical to make from hydrogen and 
oxygen than by other methods 

There are several cycles under consideration for the 
production of oxygen (8, 9, IS to 15) The prcKesses 
divide themselves into low pressure and high pressure 
cycles, both offering certain advantages One major 
problem to be overcome in any oxygen process is the 

purihcation of the compressed air used as a source of 
the oxygen The air contains entrained solid and liquid 

particles of water, carbon dioxide, and hydrocarbons 
which will condense in the low temperature heat ex- 
diangcrs, and clog and make inoperable these pieces 
of equipment T'his is a major stumbling block in air 
sejMration work and extensive precautions are taken 
to overcome this difficulty, including chemical purifi- 

caboii of air, bleeding-off of accumulated impurities, 
and reversible air flows It is now thought possible to 
punty low pressure air without the use of any clean-up 
chemicals, and tlie success of this work has made it 
possible to take advantage of high speed and rotary 

(Continued on nase 114) 



F1.0IDIZATION OP SOLIDS !• on importcmt n«w unit opM- 
aUuiVi Ila most important application, tho catolTSc crocking of 
potroloum. was dsTolopod by tho Stondord Oil DoTolopmsnt 
Co oorly in tho war and soon bocamo tho most important of 
tho crocking procossos (soo ehoptor on Iho 'Totroloum Indus* 
try"). Non-catalytie fluidisation has boon appUod suceosstuUy 
to Umostono calcination by a procoss known as Fluo Solids 
dooolepod by tho Dorr Co. 

Fluidisation may bo dofinod os a unit oporatton whoroin a 
mass of finoly diridod solids is maintainod in a turbulont 
Btoto losombling a boiling liquid by an upword moring gas 
stroom. Similar to most unit opoiations, tboro aro a numbor 
of limitations that must bo considotod. Heworor, fluidisation 
appoars to bo particularly adoontogoous in a numbor of ap¬ 
plications. Included in those are ealcinatian of Umostono, 
delomito, magnoslto, metal bydridosr pigments and other sim¬ 
ilar materials; partial caldnotion such os is used in rodueing 
magnesium carbonate oritheut more than slightly idtotfng tho 
calcium carbonate; roductlen of motallie osidos: onidatien 
with air at high tomporaturo; roasting of arsono-pyrlios and 
sulphides of sine, copper and iron; chlorination; eenoorsion of 
copper oxide to copper sulphate; hoot transfer eperailens 
wherein sensible beat is choked item solid to gas phewe or 
rice eetsa. A number of these oppUcotiens hoee been ineesll- 
gated on a pilot plant scale. 

The itow diagram lAoee illusiratse a Flue Solids unit for 
Ume dodge ealeinalion in such indusirtes os sutphale palp, 
water softening and beet sugar psensssing. the liim Uln and 
ealdner ilittstrated ore excn^les el a TOiiety ei different equip¬ 
ment designs. 



Silicone Chemistiy, In Brief 
R R 
I I 

R 
I 

The firit step in the manufacture of silicones is the con¬ 
version of sand (silicon dioxide) to silicon tetrachloride 
(SiCIO through the use of chlorine obtained by the electrol¬ 

ysis of brine From coal and petroleum are derived several 
hydrocarbons, such as benrene, methane, and ethane These 
converted to chlorohydrocarbons by reaction with chlorine 
One or more of these chlorinated hydrocarlions are reacted 
with mamesiiim to form a Grignard reagent which then is 
combined with the silicon tetrachloride The product is mag¬ 
nesium chloride (akin to the original brine) and a mixture 
of organo-silicon chlorides 'Ihese organo-silicon chlorides 
have some hydrocarlion Iwund directly to the silicon atom 
in place of one or more of the ctilorine atoms originally at 
tached to silicon to form silicon tetrachloride The hydro¬ 
carbon unit may be any one of many possible ones, depend¬ 
ing on the nature of the product sought It may be CH, or 
C,H, for example. In any case it is thought of as a unit and 
M termed the hydrocarbon radical, or simply R When treated 
with water, the organo-silicon chlorides react to form hydro¬ 
chloric acid and oigano-siliion oxide condensation products 
known to chemists as polysiloxanes These large molecules 
built upon a silicon-oxygen linkage are the units used in the 
molecular architecture of the silicones. 

These large silicone molecular structures have approxi¬ 
mate analogues among the hydrocarbons. But there is an 
imptmant and essentM difference In the hydrocarbons each 
carimn atom is linked to an adjoining carbon atom, thus: 

H H H 

I I I 

I I I 
H H H 

la the siUcaaes, however, each sUloon atom is linked to an 
adjofalng oxygen atom Jn this fashion: 

I I 
R R 

I 
R 

It IS this silicon-to oxygen bond that gives the silicones 
some of their most valuable properties 

The hydrocarixm radical is the only organic component 
and IS bonded directly to the silicon atoms The resulting 
silicone IS, then, clearly neither organic nor wholly inorganic 
It lies midway lietween the two conventional fields of chem- 
Htry and may be termed a semi-inorganic compound. There 
are many possible hydrocarbon radicals, but CH, (methyl), 
C,H, (ethyl), and C,H, (phenyl) are the more common ones 
Choice of a given hydrocarlion unit from among many is one 
of the several variables available to the silicone molecular 
engineer 

Another variable in the design of a silicone is the length 
(ff the chain This chain may M only a few silicon-oxygen- 
silicon links long, or thousands of these organo-silicon oxide 
units may be linked together Eventually, each molecule must 
be terminated by a blocking unit, which can be an If unit 
in place of an oxygen atom. The chemist can allow the mole¬ 
cule to grow to almost any desired length, and stop further 
growth by adding a blocking unit, thus: 

CH. CH, CH. CH, 

I I I I 
CH,-Si-O-Si-O-Si-O-Si-CH, 

I I I I 
CH, CH, CH, CH, 

Thus we have a straight-chain molecule However, one 
chain can be linked to the adjoining molecule by cross links 
to form a three-dimensional structure This is still another 
variable useful to the architect of silicone molecules. 

(Westinghouse Engineer) 



loB MchoBg* lyalam ior damlnaralliiag watan iUa boaie ayalam U uaad In all daloniilBg oppHeatiena. 

InatoUatioii ol ion axclianga ealla uaad in raeoTaiing augui 
airap irom wool# pinaop^ )uica. 

ION EXCHANGE la nei naw but it baa baeoma impor¬ 
tant in tbo ebamieal and alllad induatiiaa. Moat aignlfieont 
ia ita application to tba puiifieotien oi augar Juicaa in tha 
augor and ioed Saida. Watar traating la alill tba lorgaat 
uaor ei ion axchanga wharain tba ebamieal agulxolaBt oi 
diotiUad watar con ba ptoducad at a Iraetlon ei tba eeat 
oi diaUllad wotar. 

Ion exebonga boa baan daSnad aa tba raraiaibla intar- 
ebonga oi iena batwaan a aolid and liquid in wbicb tba 
atnictura oi tba aolid doea net ebonga. Tbara ara two 
typaa oi ion exebonga. namely, cation axebonge wbicb 
ramoTea poaitixa iena born aelutien and onion axebanga 
wbicb ramoraa nagotira iena irom aolulion. Tbua It ia 
poaaibla to ramera all ionliabla aubatancaa from aolutloB 
wbalbar tbay bo acidic or boaie in cbaraclar. RoToraibil- 
ily oi tba rooetien makaa poaaibla raganaration ei tba ion 
axebanga matariala. 

Meat ei tba nawar appUeotiona oi ion axebanga atom 

OB Bulpbonatad cool mada peoaibla tba axchanga ei hy¬ 
drogen iona. aa wall aa tba matallle iena axebongad by 
tba laolitaa. and led to tba deTalepmant oi acid adoorbant 
taaina. Complete daionixotien tbua baeoma a eemmarcial 
raoUty. 

A wide Toiiaty oi naaa ior ion axebanga bora baan tai- 
Taatigotod in tba laboratory and j^lel plant and boro ro- 
Buhod in a good many eoaamarcial inatollatlena. In addi- 
tioB to water treatment and augor )uiea puriSeotioB ttaoo 

from aulpbenatod eilai raduetlen oi calcium eontanl of 
milk ior fadOBl faadingi purifying aorbilob and ramoral 
oi aulpbuile acid liea atbylano glyeoL 



Flow diagram ohowing tha productMn oi phIhalK onhydndo irem orthe-xylma. 

An axompla ei iht incroaiing imperlanet of patrolaum In tha conTatlan. tha oir-xylana rapon pom through 
OI a ehamicol raw matarial u tha catalytic oxidation of bimdloa ol tuhai hllad with a Tonodium oxida hoaa 
ortho-xylona. a patrolaum product, to phthalie anhydrida. cotalyat whora oxidation to phthahc onhydrido takoo 
Prior to tha commareial daralopmont of ihia procaoa by placa at a ralativaly high tamporalura. Raaelod vapor 
Oronita Chamieal Co at Richmond, ColiL, phthalie an- moat laavaa tha conTortaia and poaaoa through eoolata 
hydride had alwoya baan manufaeturad from naphtha- oitat which cryatala el phthalie anhydride ora iormod. 
lana, a derivative coal tar produced in the by-product Thaaa crude cryatala are melted and pumped to the pii- 
coka oven induatry. niary atilL The aecondoiy atill la equipped with a irae- 

Raw malarial ta auppliad by tha hydrofoimar unit in tionating column where hnal purification oi the product 
the adlaeent rafanery ei Stondard of Coliiomia. The xylene takea place. The purified dwtilled product la ehiUod and 
feed ia pumped from atoraga tanka into tha convartera iormed into ilakea which ora automatically weighed into 
ailar bamg voporixad and mucad with pra-haaied air. lor atoraga and ohippiag. 

Inloka fillara and eantiiiugal eompraaaora aupply air to Diatillalien unit purifiea the crude phthalie anhydride; 
the eenverler ior oxidixing orlho-xylana, piimory atill ia on the left. 
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A saw mareury call lor making chlocina and ernutie aoda ky tha Motkiaaon Alkali Works, Niagara Foils. N. Y, 
At Iho loft is Iks now mareury call daTslopad witk Ika Aluminnm Co oi Amarica and installad ot Arrida. Quakae. 
At tka rigkt is skown a towar typa mnalgam dacomposar antk tka marcuty pump and part oi Ika alactrolysar. Soma 
odTantagas oi Ika Motkiason call erar similar Garmon calls ora Usiad as fellows: Calcium sulpkato con ka tolat- 
atad, making it possikla to avoid usa oi kanum corkonata; taquirss lass Ikon 2/3 tka floor spoea: and it kas lowar 

anargy consumption. Tkis call kas kaan kcansad and mads ovailakla to savaral componias. 

centrifugal air campresiiors New typc» ot heat ex¬ 

changers have (>een developed for low and high pres¬ 
sure cycles The heal exchangers for low pressure 
plants serve a dual purpose acting as air purifien as 
well as heal exchangers (9) For airttaft use, a low- 

pressure, compact, cycle was developed capable of pro¬ 
ducing 150 cu ft of 99 per cent oxygen an hour The 

cycle featured a heat exchanger which transferred heat 
from incoming compressed air to exit nitrogen and 
oxygen, and also removed water, carbon dioxide, and 

hydrocarbons It also introduced the reciprocating ex¬ 

pander (12) It IS in the concept of the heat exchangers 
that most of the new processes differ, since they represent 
a break with the classical Lindc-Frankl cycle In the 
Linde-Frankl cycle, water vapor and carbon dioxide are 

removed by freezing out in regenerators which contain 
huge masses of heat-exchange surfaces. One cu ft of 
packing produces a heat transfer surface of about 2,000 
sq. ft. The air, being purified. Hows through the heat 

transfer surface at compreuor discharge pressure, giving 
up heat and freezing out impurities. The oxygen and 

nitrogen gas Dows through the generator at a pressure 
only slightly above atmospheric, taking up heat and the 

impunties. The cycle requires four regenerators, two 
operating alternately on air and nitrogen, and two 
operau'ng alternately on air and oxygen. The oxygen 

coming from the Linde-Frankl cycle contains a small 
amount oE impurities. In the revening exchanger proc¬ 

esses (10), some of the disadvantages oi impniities are 

expected lu be eliminated In operation the air from 
the compressors is cooled in counter-flow in one of two 

heat exchanger tubes against waste nitrogen The 
oxygen travels uninterruptedly through another passage 

in the excliangcr As the air is cooled it deposits its 

impurities, and'to prevent blocking, the exchanger is 
reversed pcnodically and the nitrogen evaporates the im¬ 

punties that have been deposited by the air The air 
passes to the fractionating columns where it is sepa¬ 

rated into oxygen and nitrogen Up to the present, most 
of the plants for production of low-cost, low-purity 

oxygen are in the planning sUge, but pilot plant work 
indicates that commercial size units will be successful 
in producing cheap, gaseous oxygen for tonnage con¬ 

sumption by many industries. Several pilot plants were 

reported in actual operation and performing acioiding 
to expectations, Orden for such planb are known to 
have been accepted and in general the development 

proved to be one ot the important new industries of 

the year 

fluorine 

One of the important war developments concerned 

the investigation of fluorine and iu compounds (16), 
The work on the Atom Bomb led to the produetkm of 
uranium hexafluorides, and though all this work is bM 

yet reported, much of the supplementary and supporting 

data is now being published. It is expected that dM 
basic research into fluorine and its conpouads wafl 
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Flow diagram ier producing alcohol irom waoto aulphito liquor. Commercial iormontalion oi Iho augon in waato 
liquor, irom tha aulphito pulping procoaa, ia a roal advanco m waato utiliaotion. Tho Pugot Sound Pulp & Timbar Co, 
Bollinghom, Waah.. haa boon oporatmg thu plont ameo March 194S. Tho procoaa ia compriaod ei tho iollowlng atopo: 
(a) Soporation oi aulphito woato liquor and colloction in atorogo. (b) Conditioning aulphito wooto liquor for ioimonta* 
tion. (c) Addition oi Tooat ond eontinuoua iormontation. (d) Soparation oi yooat irom ionnontod liquor for ro-uoo. (•) 

Soporation. eoncontration and puriSeatioa oi alcohol by diatillatton. 

create new mdmines that will increase in importance 
as the years progress The production oi fluorine is by 
electrolysis, with nickel or carbon anodes, of a fused 

potassium bifiuoride. Fluorine is shipped in small pres¬ 
sure cylinders at a cost of about $20 00 a lb (17) 

At present, the important fluorine compounds, aside 

from the uranium hexafluorides used in the production 

of the Atom Bomb, are the Freons used for refrigera¬ 
tion, air conditioning, and as tlie carrying agents in 

aerosol bombs used for insect control, and hydrogen 
fluoride, used by gasoline producers to make high octane 

gasoline by alkylation Many other inoiganic fluonne 

compounds have been known and used, and a new 
plastic, teflon, made by the polymenzatioii of tetra- 

fluorocthylene was recently announced 
A complete issue of one magazine (16) was devoted to 

fluorine. The research is expected to lead to new lu¬ 

bricants which will withstand extremely high tempera¬ 

tures. Another use envisaged is the manufacture of sul¬ 
phur hexafluoride, a promising dielectric gas for high 

voltage use. 
The chief supply of gas is fluorospar and it is manu¬ 

factured through the electrolysis of anhydrous hydrogen 

fluoride; the electrolyte is a solution of potassium fluor¬ 

ide in anhydrous h^rogen fluoride. The shipment of 
fluiMine is difflcult, since it must be sent as a com¬ 
pressed gas. Its critical temperature is minus 129 deg. C., 

and pressure has been limited by the I.C.C. to 400 lbs. 
per sq. in. 

Diffusion Process 

During the year engineers evaluated critically the use 
of diffusion operations for the purification of chemicals 
(19, 20), and for the separation of materials which are 

difficult to resolve by the ordinary methods of distilla¬ 
tion or centrifugation The reason behind the critical 

examination of the gaseous diffusion process was its 
successful use in the atomic work at Oak Ridge, Ten¬ 
nessee, for the isolauon of uranium 235 from a mixture 

of It and uranium 238 Because of the efficiencies and 
equipment costs involved in the separation, it was con¬ 
cluded that the method apparently had only one special 

applicauon — the concentration and separation of 
uranium isotopes It was assr-rted that only in rare cases 

would the operation be economical in the face of other 
systems available. 

Activated Silica 

The use of acuvated silica for laigc scale coagulation 

processes, the treatment of sewage, oil waste and paper 
mill white water (IB) came into greater prominence 
during tlie year. The material is used when rapid and 

thorough, coagulaUon is needed for clarification and 
purification processes. 

Underground Gasification of Coal 

One of the by-products of industry interest in the 
Fiscfaer-Tropsch process, and the various methods of pro¬ 

ducing a “synthesis gas,” was the underground gasifi¬ 
cation of coal. Work has been done over a number of 
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years on this problem, but various factors have prevented 
success (21-23). This year a large-scale gasification ex¬ 
periment was tried and at the Gorgas Mine, the Alabama 
Power Company, in co-opration with the Bureau of 
Mines (24, 25), ignited an isolated block of coal 100 ft 
wide, SOO ft long, and S6 in. thick, under an over¬ 
burden of 30 ft Air, and air ennched with oxygen, was 
used for combustion which in gasification work of this 
sort M partial and not complete No difficulty was ex¬ 
perienced m maintaining combustion and it was demon¬ 
strated that a "synthesis gas" could be made continu¬ 
ously A gas was generated at 1 5 lb per sq in (the 
overburden depth determines this pressure) having a 
BTU content as high as 222 Bl.U. a cu ft After 
about a month of ojseration the experiment was stopped, 
and the underground section was examined 

Cheaper Cyanides 

Industry also looked at a way of making cyanides 
by a tliree-stcp process The Germans were reported 
to have been making 46U tons of hydrogen cyanide a 
month (26) with die system and it was being suggested 
for consideration of American firms. The method con- 
usts in reacting methanol with carbon dioxide to Conn 
mediyl fomiate, the conversion of the formate to the 
lormamide by reaction with ammonia, and finally 
dehydration of the formamide to hydrogen cyanide Die 
process is thought to provide a cheaper source of 
cyanide and cyanide compounds tor tlie plastic, rubber 
and mining fields 

Nylon From furfural 

During tlic year die du Pom Company announced 
(27) an intriguing process ior making nylon polymer 
from furfural, a product obtained from agricultural by¬ 
products, such as oat hulls, c orn cobs, etc, m tact from 
any vegetation containing pentosans (28) Both com¬ 
pounds (adipic aud and bexamethylenediamine) used 
to form the nylon polymer may be made from furfural, 
but the synthesis announced by the company envisaged 
the production of adiponitrile, whicli would be used to 
make hexamethylenediaminc. The company is building 
a plant at Niagara Falls to carry out the procedure 
Adipic acid, the other constituent of nylon, will continue 
to be made from benzene, since its manufacture from 
furfural otters no economic advantage over the present 
synthesis 

Blast Furnace Operations 

Increasing production of installed capacity in the face 
of rising material and labor costs occupied the attention 
of the engmeen. Steel production was aided by the de¬ 
velopment of a new process by a firm of chemical con¬ 
sultants, A. D. Lattle, Inc., in conjunction with the 
Republic Steel Corporation. It was found that by slight 
modihcation, blast furnaces can be throttled to operate 
under a pressure substantially above normal, with a 
resulting 20 per cent increase in its output and a 12 per 
cent reduction in coke consumption tor each ton of iron 
produced By blowing air at 40 Ifos. a sq. in, into the 
bottom of a furnace, which had been modified by in¬ 
stalling a onc-piece hopper to insure a tight seat iot 
the bell, equalizing valves and a throtding valve to 
regulate top pressure, the incteased ptoduoion is ob^ 
tained. New blowen are also requited on the ftimaoe. 
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since the volume and pressures of air are increased over 
normal operation (29). 

Groundwood Bleaching 

Reported also (30) was the first successful bleaching 
of a mixture of groundwood and sulphite pulp by a 
continuous sodium peroxide process The bleaching 
solution, which is a mixture of sodium peroxide, sodium 

silicate, sulphuric acid, and magnesium sulfate, is added 

to the mix^ pulp for a period of time necessary to com¬ 
plete the bleaching and then the pulp is neutralized with 

sulphur dioxide. 

Antibiotics 

The production of antibiotia continued on the up¬ 
swing during the year. Penicillin, a war-born drug, was 

already well esublished, and possibly the most important 

newcomer to the scene was streptomycin (31). Strep 

tomycin is obuined from the metabolism of a species 
of mycei. It was discovered by Dr. Selman A. Waksman, 

of the New Jersey Agricultural Experiment Station, as a 

result of tests on the antibacterial activity of soil oigan- 

isms. Streptomycin is a complement to penicillin. Peni- 

cQKn has ^ledfic power against gram-positive bacteria, 

but streptomycin is effective against the gram-negative 

bacteria. Infections by this type of bacteria included: 
ocinaiy tract infectioni: hemiophtliu infectioiH includ¬ 

ing meningitis, pneumonia, middle-car disease; typhoid 
fever, dysentery, acute undulant fever, tularemia; bac¬ 
terial endocarditis 

One of the characteristics of streptomyan it its stabil¬ 
ity vdien exposed to ordinary temperatures Penicillin is 
destroyed fairly rapidly under the same conditions. The 

manufacturing of streptomycin is quite similar to that 

of peniullin (32) and several large plants for its produc¬ 
tion have already been built in the United States. A 

new insulin compound was also reported in 1947 (33) 
which promises relief for diabetic sufferers. The new 
compound does not have to be injected more often than 

once a day, since it retains its effecuveness twice at long 
as insubn and it eliminates the danger of an undesirable 

protein reaction. The material, developed at the Chicago 

Medical School, is ammo-choline-utrate-insulin-hemo- 
chromogen. 

New drugs were reported for combating high blood 

pressure (34), and their use holds promise for relief of 

human beings from this disease. 

Snythetic Fttumin A 

Commercial production of synthetic Vitamin A was 

announced by Distillation Products Inc., of Rodiester. 
Up to now the only commercial source of Vitamin A 

has been fish livers. Large scale output of the vitamin, 
essential for premier growth and vision, is now ex- 



peeled, gince the process enables it to be obtained in 
pure crystalline form. 

Cat bon Black 

A new process lor making carbon black was intro¬ 
duced by the Ckilunibia Caibon Company (35) which 
Loiuisu essentially ot introducing relatively cold hydro¬ 
carbon gas by means of several jets into a furnace con- 
Uiiiiiig gases that are already buniing. The mixing of 
the two gases results in a quick interchange of heat, 
and the produttion of minute carbon particles. These 
particles are collected by Cottrell precipitators, and fur¬ 
ther scjiaiaiioii IS eftected by cyclone collectors 

Radioisotopes 

Ihe Atomic piles were used during the year to pro¬ 
duce relatively large quantities ol radioactive elements 
and isotopes More than 100 different radioisotopes were 
shipped by the Atomic tnergy Commission. These were 
made liom sixty diffcicnt elements, and they are pro¬ 
duced either by inserting small amounts of elements into 
the cliain-rcaciing pile, oi by the bombardment of the 
material by neutrons The radioisotopes are slopped to 
purcliasers in a wooden box within a lead shield Inside 
die shield is a stainless steel cyltnder containing a glass 
package of the radioactive material The uses ot radio¬ 
active isotopes in industry are large The petroleum 
industry has used these substances lor oil well logging 
Metallurgists are using radioactive metals to study 
various research problems, and there is a great deal of 
investigation, by means of radioactive compounds into 
the manner in which chemical reactions go forward 
(96) Medicine and canter research are other large 
users of these substances. 

Insetticides 

A potent new insecticide which sanislies soon after 
It completes its Icdial mission, was developed by two 
scientisu from the United States Department of Agricul¬ 
ture (37) The original discovery was made by the Ger¬ 
mans, but the development announced m this country 
consututes an improvement upon what they had done. 
The compound is tetraethyl pyrophosphate. The work¬ 
ers found that this compound was the potent ingredient 
in die German material hexaethyl tetraphospliate. It was 
produced as an off shoot of research on war gases 

Nejv Solvents 

A new group of synthetic solvents were described (38). 
These compounds are hydrogenated forms of sulfones 
and are made by die Shell Chemical Corporation. The 
advantsigrs claimed for the new solvents, as compared 
to materials now used, are high selectivity, low cor- 
roMvity, and chemical inertness. 

/iiconoi 

Ihe Shell Chemical Company has also revealed their 
method of making allyl chloride and allyl alcohol from 
propylene (39) by a conUnuous process. The principal 
UM of allyl chloride is in making organic compounds, 

pharmaceuticals, perfumes,-and flavorings. The chloride 
IS manufactured by the chlorination of propylene in the 
vapor phase, and separation of compounds formed. 
Allyl alcohol is manufactured by the hydrolysis of the 
allyl dilonde. 

Underground Gas Storage 

One of die techniques perfected by chemical enghieen, 
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some time ago but announced for the first time during 

the year (40), was the storage ot coke-oven gas in 
sandstone strata The Clairion By-Products Coke Works, 
seeking for a way to store coke-gas during {leriods of 
overproduction when the steel corporation had no use 
for tlie material, bought the McKeesport natural gas 
held tor the storage ot its excess gas Before the gas 
could be stored in the sandstone strata of the held, a 
resin or gum, created by the reaction of the nitnc oxide, 
oxygen, and diolefines in the gas, had to be removed 
through the application ot known chemical pnnaples 
The gas was treated by a process especially developed 
and installed in a gum tieating plant, and then it was 
pumped underground. The efficiency of the operation 
in removing the gum has prevented any clogging of the 
porous earth strata, and several billion cu ft of excess 
coke-oven gas has already been stored and removed from 
the held widiout any loss. 

Solvent Purification of Patty Acids 

A process lor the preparation ot commercial stearic 
and oleic acids, the first important technological advance 
in this industry in many years, advanced to the operat¬ 
ing stage (41) Ihc principal raw maienal used in the 
process is the mixture ot tree acids obtained in splitting 
natural tats The stearic and oleic materials are present 

in this mixture, and hcretolore, the two acids have l>ecn 
separated by mechanical pressing For the first time 
m a commercial process, pure fractions ot these acids 
can be obtained Ihe solvent process is based on frac¬ 
tionation ot the acids from a ]K>lar solvent. '1 wo plants 

are now in operation capable of processing 30 and 40 
tons of material The original substances which the 

process can use is not limited to that obtained in the 
splitting of animal fau, but it can separate greases, 
linseed, soy bean, and other oils Briefly, die prcKess 
consists in proportioning and mixing the raw matenal 
and methanol, and pumping the solution through a 
crystallizer The crystallizer is refrigerated and a slump 

IS found. The slurry is faltered on a roury vacuum filter 

which removes, as a bulky solid, a cake which contains 
some methanol solution which passes through the filter 

Growing domnad for cmtilrooao will bo partly mot by 
othyloao glycol from thia now midwoalora plonk 

The two tractions are then distilled, and purified in 
individual stills The cost of producing the auds by the 
solvent method is said to be less than that of the 
oidinary mechanical pressing operation. 

Another solvent extraction prcxiess was announced by 
the M W Kellogg Company The process called Solexol 
uses propane under relatively low pressures The prin¬ 
ciple ol the operation, however, is different from most, 
lor as die temperature ot propane is increased, its ability 
to dissolve the high molecular weight components in an 
oil decieases At the critical temperature of propane, 
only a light oil traction is left in the solvent layer. 
A use announced for the process during the year was 
the refining ol fash oil lor the recovery of its vitamin 
constitucnis Out ol 100 lb of sardine body-oil, the 
process iractiotiaied out 10 lb of Vitamin A and D con- 
(ciitiatc, 3.1 lb of drying oil fortifier, 45 lb ol linseed 
oil uplateiueiii, 3 lb ot stcarine tor use in shortening, 
1 lb ol laity acids, and 3 lb of residual material From 
100 lb of soy bean oil, there were obtained 68 5 lb ot 
liigli (juality salad oil, 30 lb of quick drying paint oil, 

and I 5 lb ol leiithin and other products. A large plant 
lor the lecovery ol Vitamin A Iroin sliark livei oil was 
built 111 bouth Africa at Siinonstown (42) Sharks and 
ling uhI aic abundant in Soudi African waters, and will 
provide die raw materials for die plant. The ml will 
have a potency ol 500,000 international units of Vitamin 
A per gram Flie oil left over when the vitamin is re« 
moved is expected to yield glycerine for poultry and 
animal feed, or oils fur the manufacture of printing 
ink, linoleum and leather. The same process was put 
m by the Lever Brothers Company at Baltimore for 
refining tats and oils The plant will use crude tallow 
as a raw material, and will produce a refined product. 

Antioxidant for Vitamin A 

The destruction of Vitamin A due to oxidation is a 
problem tliat has faced manufacturers for many years. 
Work was done toward solving this problem (44) It was 

found that two lorms ot tocopherols were effective in 
inhibiting the degeneration of the viumin 1/10 of 
1 per cent of tocopherols was found necessary. Lecithin 
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at a 1 per cent level was found to enhance the effecuve- 

ness of the antioxidants. 

Htgh-Calcium Ltme From Dolomites 

'Ihere was a shoruge of high-calaum lime which 
caused some concern during the year to those who used 

the material for neutralization of acidic wastes (49) 
I'here was considerable work done on the utilization of 
readily available dolomitic limes, which proved suc- 

ebsslul it certain precautions were taken The dolomitic 
limes have a slower reaction rate as compared with high- 
calcium limes, but through providing an excess of hme 

and increasing the temperature of the waste, the raw 

materials were proven to be satisiactory. 

New Process For Gluten Separation 

The starch industry witnessed the introduction of a 
relatively new procedure In making cornstarch in the 

past, the gluten has been separated from the starch by 
passing the materials over a starcli table. Centrifugals 

were introduced into the industry for separation of 
these two materials just recently, and have met with 
great success In operation, two centrifugals are placed 

in senes. The crude mill starch goes to the first, which 
removes the gluten in the overflow The suspension 

emerging goes to the second centrifuge, which then pro¬ 

duces the finished starch, the overflow being circulated 

back to the crude mill starch Washing takes place 

dunng the centrifuging. The increased starch recovery 

accruing from this new process is from 85 per cent on 

the convenuonal starch table, to about 97 per cent with 
the centrifuge Another advantage claimed for the meth¬ 

od u that It accomplishes the separauon in about 8 to 5 
minutes, instead of 10 to 12 hours (45). 

New Solvent From Butane 

Thiophene, a new industrial chemical, was being made 

by a process which promised large quantiues of this 
material (46). The process was perfected by the Socony 

Vacuum Oil Company. Essentially it is a dehydrogen¬ 
ation of normal butane using sulphur as the dehydro¬ 

genation agent This step is followed by a cyclization 
with sulphur which forms the thiophene ring. Thiophene 

is reported to be an excellent solvent, and it will find 

extensive use in the pharmaceutical industry, in the 
manufacturing of dyestutts and resins, and in the tex¬ 

tile field. 

Illustratiom foi this chapter appear through the 

courtesy of the American Institute of Chemical 

Engineers, American Society of Meihamcal Engi¬ 

neers, Standard Oil Co (N. J.), Federal Power 

Commission, M W Kellogg Co, Dorr Co, Dow 

Corning Corp, Permulit Co, California Research 

Corp, Malhteson Alkali Works, Merck ir Co, Inc, 

E R. Squibb ir Sons Co, Cutter Laboratories, Shell 

Development Co, Pennsylvania Salt Mfg. Co, Mon¬ 

santo Chemical Co, Wyandotte Chemical Corp, 

Allis-Chalmers Mfg. Co. 
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CHAPTER VI_ 

COMMUNICATIONS 

by Meade Brdnet 

Predictions made during World War II to the effect 

that technological advances in military communications 
would be reflected in post-war progress already have 

been realized in many phases of communications serv¬ 

ing the public Since V-J Day, the process of reconver¬ 
sion has gone forward mainly as planned, but continued 

shortages of components made it difficult for many 
months to attain and maintain the schedules of develop¬ 

ment and production which had been outlined during 
the closing months of the war Gradually, however, 

these obstacles have been overcome and prospects for 

reaching normal rates of progress have become steadily 
brighter. 

Distinct advances have been made in the direaion 
of compressing the globe into One World through 

electronic improvements in telephony, radiotelephony, 

transoceanic cables and radiophoto systems, and in the 

multitude of component parts which make possible 
their functioning 

Domestically, the installation of telephones has con 

tinned at a mounting rate and phone service has been 
extended to some remote settlements through the use 

of radio links connecting homes with existing exchanges 

Television program services have multiplied as new 
transmitters, radio relays and cable facilities became 

available, and frequency modulation (FM), after 
a period of lethargy, commenced to impress the buying 

pubhc with Its tonal superiority and comparative free¬ 

dom from static interference 

Telephony and Radtotelephony 
International radiotelephony and radiotelegraphy 

continued to expand to reach more countries with faster 

service of improved accuracy. The inauguration of mech¬ 

anized systems (I) to handle radiograms with a mim- 
mum of manual labor not only has resulted in speeding 

traffic, but has insured almost error-free transmission (2) 

Interruptions of service due to atmosphenc interfer¬ 
ence have been greatly reduced by the installation of 

seim-automatic relay stations One such stauon at 

Tangier (J) permits messages addressed to Moscow, 
Stockholm and Bombay to "turn the corner" and reach 

the terminals in those important business centers with¬ 
out encountering the black-out intervals that prevail at 

certain times on direct routes. 
At the beginning of 1947, telephone installations 

readied an all-time high in the United States, with more 

than 90,000,000 phones connected and with 2,000,000 

tf^cations for service on file (4). 
Pnmlleling diis increasing demand, continuous re¬ 

search in telephony has further extended the inter¬ 

connecting of millions of telephones in homes, business 

offices, commercial vehicles, ships and trains (5). 
Open pole lines carrying spans of wires are gradually 

giving way to cables, some of which are suspended above 

ground, others buried in covered trenches. Each of these 
cables may contain up to 2,100 pairs of wire Refine¬ 
ments in cable manufacture have materially reduced the 
cost of cable installation Ihe standard 50-pair cable 
cost more than $150 per pair-mile to install in 1888. 
Today’s 2,121-pair cable can be installed at a cost of 

about $12 per pair-mile (6) 

Coaxial Cable Developments 

One of the most important advances in telephony is 
the coaxial conductor and the subsequent coaxial cable. 

Basically, the coaxial unit is a copper tube about 
in diameter with a single wire suspended in the exact 

(enter of the metal sheath Two such umts will cany 

hundreds of telephone messages simultaneously, or two 
television programs One of the latest types of coaxial 

(ables contains not only eight coaxial units but a num¬ 
ber of additional conductors, singly and in pairs, all 

enclosed within a lead sheath 
Although halted by the war, placement of coaxial 

tables—mostly underground—has since been actively re¬ 

sumed At the beginning of 1947, 2,700 miles already 
were in the ground These circuits extended from New 

York down the east coast to Florida and part-way 
across the Gulf States Another 3,000 miles will be added 
by the end of this year By 1950, it is expected that 
12,500 route-miles will have been completed The nauon 

will then be linked from coast-to-coast, together with 

numerous coaxial feeders leading off main routes. 

Looking to the future and the possibility that tele¬ 
vision will require constantly greater facilities, engineers 
point out the extreme flexibility of the coaxial cable As 

advances in television technique demand still wider 

Laying coaxial coblo invelTM a train of rootora, eoMo- 
la^g plows, coblo rool and a buUdosor to roplaco dbL 
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frequency bandi in order to obtain finer picture de¬ 
tail, exiiting coaxial cables will not become obsolete. 
To handle these broader frequency bands, only the 
amplifier equipment at repeater points will need to be 
replaced. Presently, coaxials are transmitung frequencies 
up to about S megacycles in band-width It is expected 
iiai new amplifiers will advance this limit to 7 mega¬ 
cycles. possibly higher. 

Mobile radiotelephone service is now operating on a 
commerual basis (7) Up to mid-year, nearly 100 
vehicles, botli tnirks and pnvatc cars, had been equipped 
with two-way apparatus To care for this message 
traffic, fixed-stations were established to serve as con¬ 
necting links between mobile subscribers and existing 
telephone arcuits and exchanges In the New York 
area alone, 120 fixed-station units were installed to serve 
the mobile stations The telephone company retains 
property rights to the radiotelephone gear and the auto¬ 
mobile owner pays a monthly service charge of ?22 
This sum covers 120 message units, each unit being based 
on time and distance of call. Six to eight units are ex¬ 
pended in an average call (8). 

Commeraal telephone service between moving trains 
and any telephone subscriber is available to travellers 
on certain express trains running between New York 
and Washington (9) Operation of these circuits is 
identical with that of the land mobile service, with a 
two-way transmitter-receiver unit aboard the train mak¬ 
ing contact with fixed-sutions erected at necessary in¬ 
tervals along the right-of-way. 

Realizing the advantages of intercommunication be¬ 
tween locomotive and crew of trains, between trains and 
also between trams and control towers, many railroads 
of the United States have installed very high frequency 
(vhf) radiophone systems with generally satisfactory 
results (10, 11) 

It has been estimated that nearly one fourth of the 
nation’s railroads are using radiotelephone equipment 
One road alone—the Atchison, Topeka and Santa Fe— 
IS ofierating more than ISO mobile units and a number 
of land stations 

Taxicab fleets in some cities are operating more 
efficiently and giving better service through the use of 
two-way vhf systems. With each driver in constant 
touch with the dispatcher’s office, not only can the cabs 



be shifted from one area to another as demand changes, 
but less time and fuel are lost in returning to the cab¬ 
stand after completing each call 

Party-line radiotelephone service as an adjunct and 
feeder to existing wire telephone for remote rural areas 
has been tried out m Colorado with favorable results 
(12, IS) In this system, the subscriber is supplied with 
transmitter and receiver units operating in the 44-50 
me band Lifting the phone from its cradle auto¬ 
matically eneigizes the apparatus and generates a radio 
signal which notifies the telephone operator that a con¬ 
nection IS desired 

Expansion of rural telephone service using power 
lines as a carrier has been underway since the first of 
the year First areas to be served in this manner are in 
Vilginia, North Carolina, South Carolina, I'exas. Colo¬ 
rado and Washington At the outset, the equipment for 
each of the power lines routes will provide one channel 
for telephone service with six subscribers on each 
channel Eventually, apparatus will be available to 
furnish six speech thaiinels on each fiower-linc route 
(14). 

Telegtaphy 
Domestic telegraphy has made progress through the 

institution of two technical developments, viz, the wide¬ 
band beamed microwave radio relay and the pusli-bution 
system of speeding message traffic (15. 16) 

The triangle formed by New York, Washington and 
Pittsbuigh was selected as the sue of the first service 
tnal of beamed relays for telegraphy The first leg of 
this triangle — New York to Philadelphia — required 
booster stations near Bordentown, N J, and New 
Brunswick, N J . with an average link-span of 28 tmles 
Between New York and Washington there are seven 
repeater stations 

Using a band of channels 150 kilocycles wide, and 
operating on the 3,900-4,000 megacycle band this relay 
system will handle 576 telegraph messages simultaneously 
By beaming the microwaves from one repeater stauon 
to another, it is possible to deliver as much signal 
with a 0.1 watt transmitter as could formerly be accom¬ 
plished with 250 watts at the transmitter The booster 
units ate automatic and unattended and the operating 

Raflaelen, like the pair 
shewn abeve, with radio 
antenna at their center, are 
used to relay telegrams 
irem one radio boom tele¬ 
graph tower (at leit) to an¬ 

other. 

Transmitting cu many as eight telegrams over one wire 
by the multiplex system. 

Using different frequencies a eonier system sends os condition of the transmitters and receivers is known at 
all times to attendants at terminal points through in- 
formauon transmitted over a servtce frequency. 

Telegraphy Relays 
As die relay systems come into greater use in over¬ 

land telegraphy, they will displace thousands of miles 
of familiar pole lines and hundreds of thousands of 
miles of telegraph wire Yet their cost over a 7-year 
penod is estimated to be less than the cost of mainte¬ 
nance and reconstruction of the pole lines they will 
re]dacc. 

Beginning late last year, telegrams routed through 
niiladelphia to key poinu throughout the country were 
handled automatically by a push-button system whidi 
triples the message-handling capacity of the Philadelphia 
center (17). 

Under this system, a telegraph message is typed only 
once, at the point of origin. At Philadelphia, the mes¬ 
sage appears on a printer perforator udiich simul- 
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uneously pnna the message and punches combinations 

of holes in a paper tape. As the clerk reads the message 
and notes lU destination,—San Franasco, for example— 
he presses a button representing that city. This action 
causes the perforated upe to operate an automatic 
transmitter on the San Francisco circuit At the latter 
dty, the signals appear in printed form ready for 
delivery. 

Automatic Telegraph Transmission 

A development that is expected to receive public ac- 
cepunce is the automatic telegraph transmission and 
reception system called Telefax In this system, the 
message to ^ sent is typed or written in longhand on a 

sandaid telegram blank which is then dropped into 
the slot of a coin-operated console Within the console a 
mechanism wraps the blank around a rotating cylinder 
and a scanning beam of light transmits the message line- 
for-lme to the receiving station. 

Already in use by some laige oiganizations including 
airlines and railroads. Telefax receivers are to be in¬ 
stalled in hotel lobbies, railroad terminals and other 
common meeting places 

During the past year, several important developmenu 
have uken place in Facsimile, parucularly in its adapta¬ 
tion to speaal services such as pohce and forestry de- 
partmenu and railroads. 

At Miami, Florida, the Miami Herald transmitted a 
series of facsimile newspapers on regular schedules as a 
pracucal test of one system. Each page, 8 inches by 11 
inches in size, was transmitted in slightly more than 
two minutes, with approximately 100 scanning lines per 
inch. 

Color Transmission and Radiophoto 

Late in the year, a system of color facsimile was dem¬ 
onstrated, in which colors of the subject matter are 

TaMox trmomlts nwaogaa autoasoliettUT, They msiva cm 
iacshnll* raproduetiesia at thair daoUacriiaa. 

separated by filters and then transmitted as impulses 
representing each color At the receiving end, the im¬ 
pulses actuate color pencils which reproduce the original 
in lU various tones. 

Radiotelegraph circuits carry words from any part of 
the world to another with the speed of light but it is 
common knowledge that nothing conveys facts and 
creates impressions like pictures. 

The war accelerated radiophoto service (18). The 
public grew to expect today's newspapers with their 
numerous features and stones illustrated with pictures 
taken yesterday in Europe or the far Paafic, trans¬ 
mitted by radiophoto Since V-J Day, businessmen have 
made wider use of this service in conveying legal docu¬ 
ments, advertising layouts, financial statements, patent 
drawings, building plans, etc, across oceans 

More of the national governments which control 
communications within their borders now recognize 
the trade and advertising value of picture transmission 
and have adopted a friendlier attitude toward coopera¬ 
tive service To the existing radiophoto links between 
the U S and England, Germany, Italy, France, Switzer¬ 

land, Sweden, Austria, Russia, Egypt, Argentina, Hawaii, 
Australia, the Philippines, India and Korea, will soon 
be added others to Mexico, Japan and China. It is ex¬ 
pected that, eventually, the world will be covered with 
this form of radio communication 

Through the use of vhf radiophoto circuits, photo¬ 
graphs of local news events have been delivered to news¬ 
paper aty rooms within 8 minutes after the click of the 
newsman's camera shutter (19). A mobile van cames 
the developing apparatus and a low-power transmitter 
operaung in the 160 m c region After development, the 
print is wrapped around a rotaung cylinder and scanned 
in the usual manner, the output of the photo-cells modu¬ 
lating the fm transmitter. 

Increased speed of ocean cable telegraphy has been 
obtained by putting into operation some wartime 

developments (20) Conversion from cable code recorder 
operation to 5-unit code printer operation and the re¬ 
finements of relays and their assoaated components are 
largely responsible for the improvements. It was re¬ 
ported that one cable is operaung practically con- 
unuously between New York and London at 400 words 
a imnute. 

rhe International Telecommunications Conference 
which convened at Atlantic City in May, 1947, ad¬ 
journed on October 2nd. Delegates from 78 nations 
attended (21). The development of new communica¬ 
tions services such as radar and loran, and the nonnal 
expansion of existing services, particularly marine com¬ 
munications, posed (hificult problems to the degelates in 
their attempt to spot these services in an already over¬ 
crowded frequency spectrum. One of the imporunt 
tasks before the Conference was the organization of the 
International Telecommunications Union and the estab¬ 
lishment of iu relationship to the United Nations (22, 

23). 

Television 

First concrete evidence that radio mandfacturen god 

the public were mutually ready to laundi tde«i|i«jtt m' 
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a scale beneficial to both groups appeared late m 1946 

At that time, the first postwar television receivers reached 
the market in quantities sufficient to attract attention 

(24) Since then, monthly production has increased, more 
companies have entered the field, a large number of 

stations have applied to the FCC for construction per¬ 
mits, and a wider variety of set models has been turned 
out to appeal to different buying levels 

I'elevision service is now permanently assigned to the 
so-called upper band of frequencies 'I'he FC,C has al 

located IS channels, each 6,000,000 cycles in width, for 
coranierual television stations Beginning at 44 mega¬ 
cycles these tliannels occupy the spectrum to 216 mega¬ 

cycles, with the exception of a few channels allotted to 
other communicattoii services 

In Noveiiibei, 1947, 15 television stations were oper¬ 
ating on regular schedules (25) They were supplying 
progiams to the urban and suburban areas centering 
in New York Philadelphia, Baltimore, Washington, 
Schenectady, Albany, Detroit, Chicago, St Louis, On- 
cinnati, Los Angeles and Milwaukee By tfie year's end, 

6 or more additional transmitters were sclieduled to be 
in operation 

For remote pick-ups of television programs from 

points a few miles from the transmitter, microwave 

relay systems opciaung in the 6,800 to 7,000 m c band 

have been developed and are already in use (26) An 
overland microwave relay connecting New York with 

Boston was demonstrated on Novembei 13 Intended 
primarily for telephone traffic, the wide frequency band 

of the latter system will also make it suitable tor tele¬ 

vision transmission Since the operating charactensucs 
of the coaxial cable as a conductor of television signals 

are now well known, test results of the N Y -Boston relay 
link will peitnit engineers to compare the relative effec¬ 

tiveness of the two methods of channelizing video signals 
Large screen television systems (27), providing images 

up to 7^ by 10 feet have been publicly demonstrated 
To obtain pictures of this size, adequately lighted, engi¬ 

neers developed a small cathode-ray tube called a kine¬ 
scope, only 5 inches in diameter and working on volt¬ 

ages up to 60 kilovolts, and an optical system based 

on the Schmidt astronomical camera (28,29). 

After exhaustive hearings at Washington and in the 

field, the FCC ruled that color television (SO, SI, 32), 
despite Its demonstrated prngres.s, should lie returned to 

the laboratory for further development (SS) 

With the release of restnetions on essential building 

materials, the construcuon of standard radio AM and 
FM sutions established a new high during 1947 Sev¬ 
eral hundred backers of projected AM stations who had 

been awaiting the unfreezing of construction by the 

FCC, started to plan the erection of studio and trans¬ 

mitter buildings in May (S4). The majority of these 
projects became lealities, with a total of nearly 1500 

standard broadcasting stations being scheduled for oper¬ 

ation by December. This compares with approximately 

650 on January 1, 1941. 

Frequency Modulation 

Althou^ activities in FM (frequency modulation) 

have increased, this type of broadcast service hu yet to 



T«l«TiaieB ne*lT«r ahewiag ImagM ei 3 UnvicepM ol 
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Experimental eemmereial sereiee ier two-way highway 
mobllo radie-tolephenoa has been faiaugaralod- Operator 

here is talking to his oifieo. 1$ miles away. 

fulfill the hopes of its most optimistic adherents, due to 
a Lombinatioii of factors Manufacturers of FM trans¬ 
mitters faced a continued shortag;e of copper and other 
essential metals, and for similar reasons, receiven were 
slow in reaching dealers' shelves from the production 
line Furthermore, the listener, after purchasing an FM 
receiver often learned for the first time that FM broad¬ 
casters were not permitted by the musician’s union to 
transmit live music This ban forced program planners 
to rely almost exclusively on records and transcriptions. 

One of the noticeable technical advances in FM was 
the introduction of the ratio detector which made pos¬ 
sible the production of receivers at lower cost (S5, 96) 
FM tuners and adapters, designed for attachment to 
existing AM receivers, served to hasten the building of 
audiences in areas served by )M transmissions 

An FM network, utilizing a combination of 8,000 
cycle telephone cables and direct over-the-air transmis¬ 
sion from key stations, has been functioning on the 
eastern seaboard since mid summer of 1947 on a lim¬ 
ned scale ($7) Foi longer links between stations, the 
Bell System has indicated that Class AA wire hnes ca¬ 
pable of transmitting a band-width of 15,000 cycles will 
be made available in some parts of the country (98). 

Nrw Electronu Tubes 

Back of every important warttme electronic develop¬ 
ment was the vacuum tube Several hundred new types 
were designed for military purposes (99), and from the 
problems met and solved in this research there emeiged 
several new tubes with definite peacetime application 
to communications 

The cavity magnetron (40), heart of the radar, is 
invaluable in microwave relay arcuits and in air navi¬ 
gational systems Further, the apparent ability of this 
tube to operate at still higher frequencies as the result 
of research will create additional uses for it Mag¬ 
netrons are now available with frequency-handling char¬ 
acteristics that arc reaching down into the centimeter 
band (41) Where brief pulses of high power are re¬ 
quired, the magnetron is unexcelled (42) Types have 
been developed that will generate hundreds of kilo¬ 
watts for a small fraction of a second (49) 

A new tube, working on new principles, has extended 
both amplifying power and band width Called the 
traveling wave tube (44) because of the manner in 
which electrons pass up the length of the tube, its early 
tests hold hopes that it will accommodate the signals of 
several scores of telesnsion sutions simultaneously 
Along Its extremely broad band of frequencies, it should 
be possible to space thousands of telephone conversions 
without mutual interference. 

In the field of radio broadcast receivers, the tendency 
is toward the miniature tube (45). Know-how acquired 
during the war in designing multi-tube apparatus in 
compaa dimensions has been applied to sundard tubes 
in peacetime. As a result, radio set manufacturers now 
have complete lines of highly effiaent miniature tubes 
whidi give improved performance in a minimum of 

space. 
The increased interest in FM has led to the develop¬ 

ment of several types of transmitting antennas design^ 
to function in the 88-1-S m.c. band. Induded are die 
Pylon (46), one of the numerous fortns of Stotted 
cylindnaa radiators (47), the clover haf (46), d» loop 
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and the box, the last three being variations of the turn¬ 
stile (49, 50) Some experiments were earned out on 

antennas which polanzed waves circularly (51) More 

uniform coverage and improvement in signal-to-noise 
ratio were some of the advantages claimed by adherents 

of this method of signal propagation 

Printed Circuits and Resistors 

First used in fabncating the radio proximity fuse in 

the latter days of the war, the pnnted circuit holds 
promise as a means of reduang cost and size of cer¬ 
tain radio components, particularly audio-amplifiers for 

small units (52) 1 he circuit is printed or stencilled on 
a sheet of uisulating matenal-usually steatite ceramic 
—using a silver compound in paste form The combina- 

tton IS then baked at high temperature to produce a 
close bond 

Resistors are incorporated in tJie pnnted circuit by 

spraying the resistance material through masks onto the 

steatite base (5S), lapacitances made of ceramic disks 
are soldered direct to the silver leads Some success has 
been reported in forming uhf coils on the steatite, 
using the same procedure 

Mierewov* reeaiviag •quipmwii for fregumeUa of 6800 to Oao of Iho roloy towo» to ieur-ltok mlenwovo roloy 
7050 magoeyeloa and for dtotoneos up to 20 milaa. lystom betwaon Now York CHp cmd Sehanaeladp. 

Mofctog odiaatoMala on »« btesdeoal trtma- Control teeaa for Boll tjratom oTaiaoa radtotolo^M aorv- 
asftttog unit noMilIf toislanod lor BCAtrwwalhmiieaorvtoo. icoo with ptmola for Eampom and South Amotrietm oroaa. 
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44100 Biagaeyel* CW magnalren ia baquaney-niodulatod 
by baoma iiom two tiny aUctron guna attachad to tha 

onoda alraetura. 

Tba 1-kw CW magaatron ia oaaamblad irom pcnta which 
prerida aoaa oi ceaatiuctioa oa wall cm graot raliabUtty. 

Jllustralions for this chapter were obtained 

through the courtesy of American Telephone & 

Telegraph Co., Bell Telephone Co., Western Union 

Telegraph Co, and Radio Corporation of America 
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CHAPTER VM 

COMPRESSED AIR 

b>'EDC Powers 

Man’s f(<>noinic progress through the ages might be 

iiKMsureti b\ the adsante from the nude bellows of 

primitise d.iys to the lilower-typc .nr compieswrs he 

Idsliions 10(1,1) for use in the Bessemer process of con¬ 

vening pig non to steel Rut ccpiallv siginrii.int is the 

way man has cxp.inded the ajsplirations ol compressed 

an We nde on tires inflated SMih tompiessed dir, much 

of our food IS prei).ired svith tlie .nd c>l compressed air, 

and few art tlic producis used in oiii daily lises to 

which (oinpresscd air has not contributed in some stay 

Industry relics on compressed air poster to jierforra 

an almost unlimited number ol tasks ,\11 of the wide 

and varied uses cannot be mentioned here, but some 

typical applications of (ompressed ,iir presented here 

tn,iv suggest how factories and nulls wniking with metal, 

wood rubber, plastics and other materials arc henefitting 
by Its use 

And nnd Clinnufil lV(nk\ (1) 

I'lie smiplitily and effectisencss of the agitation of 

ht|iiids h) i(mi])rcsse(l air cAplains its widespread use 

in tins field IKuallv an air line is run along the bottom 

of the tank, wheie the lower stele erf the pipe is per- 
for.iiod at intervals to release air pressure No invest¬ 

ment for mech.inu.il apparatus is required and the harm 

fill efleet of many acids on mechanical apparatus is 

eliminated 

.Vn application is illustrated in Fig 1 (2) Similar 

applications are found m many other tnchismcs, in¬ 

cluding the sm.ill tanks of solutions used by garages 

and machine shops for cleaning metal parts 

Pumping water and thcmical solutions, or elevating 

and transporting them by pressure are other common 
applications for compressed air 'lanks and pipe lines 

are caulked by air hammers and air pressure is applied 

in testing them 

Agitrvllutf 

There are many uses for compressed air in the cul¬ 

tivation and processing of food, handling of livestcKk 
and farm maintenance Fruits and vegetables are being 

dehydrated in ever inereasing volume and this work in¬ 

volves the maintenance of a vacuum, which means com¬ 

pressing air up to atmospheric pressure 
Other typical agricultural applications for compressed 

air include air-operated systems for lubricating equip¬ 

ment, inflating tires on tractors and trucks, spraying of 

insects, feeding livestock in transit, protecung dams 

against ice, handling rice hulls, combating forest fires, 
leveling sand dunes, cleaning eggs by sandblast, pick¬ 

ing raw cotton and harvesting broom n>ots with pneu¬ 

matic d^gen. 

Fig. 1. Sulphunc and. dilulad with wolar. la agilatod hf 
prauurs irom cm mrlin* along Iho bottom ol tho tank. 

M.ituif.icturcis anil ilcalcrs in implements also make 

iMciisivc use ol (ompressed air to operate air hoists, 

lor s.indhl.isiiiig mei.d pans to dean them of stale and 

р. iini .intI lot m.'inv ,ur-o|xM.iied tools such as drills 

and piKiim.itic h.immeis (S) 

Atioaft (1. 5. b. 7. 8, 9) 

Sivei.il hundred thousand rivets and nuts go into an 

ait plane One engiiu nacelle for a four-engine plane 
has 1*1(10 sub .issemhhrs intricately htted Air-opcrated 

(hills, wrenches and iiveting h.nnmcrs arc used for this 
woik liec.iusc the tools .in lightweight yet powerful and 

с. in he used (onst.inily without overheating 

Ijigc pgs for wing Haps, wing spars, and other as¬ 
semblies lor incKlerii planes, hold these aircraft assem¬ 

blies while doaens ol workers at each jig complete as¬ 

sembly woik with the s,inie type of air tools used on 

lilt engine nacelle Presses, metal brakes, spar mills and 

Ollier inacliincs used in making aircraft parts are fre¬ 

quently controlled by air power Sprav painting of parts 

and litiings is done with air guns and compressed air- 
operaicil hammers planish wrinkled aluminum parts 

In the production of aircraft engines, tlie applications 
tor compressed air are similar to those for other types 
of machinery. 

Automotive Indushies (10, U) 

From ntanufaciure to regular maintenance of the 

automobile, bus or truck, compressed air plays an im¬ 

portant role Air-operated impact wrenches, grinders, 

drilb, reamers, buffers and pneumatic hammers are 

hand tools commonly used in factory and garage, a 

typical application being diown in Fig. 2 (12). 

129 
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Air ihiK-ks, <iir-(>perated tail stock for safe and quick 
travel, and other air devices, are used on machine tools 
where high race o( production is a factor Air hoists 
to take heavy pieces to and front the machine are fasi- 
arting, easy to control, avoid pliysical strain on the 
operator and prevent dropping and spoiling of ma¬ 
chined work Air hoists, winch do not spark, are pre¬ 
ferred where inflammalile iiiiitcrial is being handled 

Most people have seen the applications for compressed 
air in automobile servicing, which include tire inHators, 
air lifts, air jacks, pneumatic grease guns, and air jets 
to clean engines, blow out clogged gasoline lines and 
clean car interiors Air guns for spraying paint, or oil¬ 
ing springs, or anti-rust solutions are others Com¬ 
pressed air IS also employed in starting engines, re- 
grooving solid rubber tires, sandblasting and cleaning 
pistons, and sandblasting spark plugs Agitating solu¬ 
tions for cleaning metal parts is still another use 

Fleet operators who maintain special facilities for re¬ 
pair and restoration of their motor vehicles use com¬ 
pressed air in the ways mentioned and for additional 
applications (IS) Metalliring worn parts, such as the 
crankshaft in Fig 3, is done with the aid of com¬ 
pressed air (H) In macliine shojjs, applications of 
compressed air are the same as many of those mentioned 
under metal working and machinery 

Cfmerit Production and Pioduds 
The Portland cement industry is one of the laigest 

consumen of compressed air and probably no industry 
surpasses it in diversity of application 

The largest proportion of the tompressed air recjuire- 
meni of a cement plant is utili/ed in conveying (15-16) 
All but a negligible proportion of the Portland cement 
manufactured in the United Stales is transported from 
grinding nulls to storage silos by umiprcssed air pumps 
Many nulls also utilize the compressed air pumping 
method for conveying cement from sdos to packer bins, 
for loading and unloading cars, and for unloading and 
loading baiges and ships (Fig 4) Kiln Rue dust, jiacker 
spill and pulverized coal arc trequeiitly handled in 
this manner. 

In many dry process plants, the raw m.itcrials are 
both conveyed and blended for precise chemical lon- 
ttol of the cennposition, by compressed air j>iiin|>iiig and 
aeration 

In wet process plants compressed air is utilized to 
mix and blend the slurries and to maintain the indi¬ 
vidual mineral particles in intimate mixture and sus- 
jK-nsion 1 o decrease fuel consumption in burning, 
many nulls dewater the slurry by filters served by 
vacuum pumps 

Aeration of bins, to insure free flow and discharge 
ol dry pulverized materials, is universal practice 
throughout die industry 

Rcuk drills are essential in cement plant quarries, and 
most crushing departments employ compressed air 
rock hoists and tar dumpeis Air-operated grinders and 
other UKils are commonly ured in the large maintenance 
shops which cement plants recjuire, and compressed air 
■ind vacuum lines are essential to plant lalxiralorics 

Laigc volumes of air. at Ian and blower pressures, 
are lequired in ceriienf itiaiudacturing Blowers, or 
fans, sufiply the fuel oi primary combustion air stream 
lo kilns which are usually fired by pulven/cd coal or 
oil 'I he use of air-swc‘j>t iinil mills lor pulverizing coal 
is rapidly increasing Air in large volume and at fan 
ptessuic. quenches the hot cliiikcT. reclining its temper¬ 
ature abruptly from about 2500 degrees F to about 150 
degrees This inijiroves lemeni quality, recovers heat 
.iiicl reduces (he thnkcr to a temperature suitable for 
grinding Most modern plants employ air-swept pulver¬ 
izers III closed grinding circuits to lonirol cement fimi- 
ness and to econoim/e in power .Similar circuits arc 
used in city process pi,mis for ihe pieparation of raw 
in.ireri.ils Fans serve tlusl colic dors in almost every 
dcpaitineni ol a moilcrn cement jilant 

One contreic prodiiUs plain njxirts a 25 per cent 
increase in |)rotliidion .iiid a greatly redured labor 
lurnovcr by installing iht tyjie of air hoist illustrated 

in Fig 5 (17) 

Comtiudwn (18, 19) 

In the great consiriitiion mdusiry, compressed air is 
found at work Jrom the tune ground is first broken 
through to the final stages ol construrtion, and then 
again in the regular maintenance of the completed 
structures In cunstrutting bridges, roads, dams, (see 
Fig 6), structural work, sewage and trench work, build¬ 
ings and budding remodeling, tunnels and in prac¬ 
tically all other types of construction, compressed air » 
helping in some way to do the job better and faster 



The paving breaker was among the first of pneumatic 
tools to find widespread use One man witli this tool 
tan do the work of 15 working with hand sledges and 
chisels in cutting asphaltic or toiirrete pavements, or 
demolishing concrete foundations, retaining walls, 
floors, partitions, etc 

The same retiprocating action of the paving breaker 
IS employed in pneumatic tools, of varying sire and 
construction according to their purpose, in renk drills 
(20), chipping hammers, caulking and riveting ham¬ 
mers, anti other air-powered tools 

Bridge builders and structural steel workers use com¬ 
pressed air-opcraied tcxils for chipping, nveling and 
caulking Drills, reamers and punches arc other types 
of air tools used Air hoists are used to raise tools and 
materials to workers above the ground Cleaning steel 
by sandblasting, blowing nvet forges and smith files, 
and spray painting arc other common appliijiiims for 
compressed air 

In road and highway construction (21), compressed 
air poweis many tools In cities, compressed atr is the 
power preferred for many road working devices 

Sufficient power is packed into air tcHjls to enable 
them to jjerform rugged jobs without being ick> heavy 
for the operator to handle Theic is no overheating 
trom constant use, and tool maintenance cost is low 
No other form of power is as practical as compressed 
air for many operations in the construction fielcl Back 
filling, tamping dirt and concrete, u-sting and caulking 
sewage and water pipe lines, operation of draituge 
pumps, power brushing of pipe to remove rust, driving 
metal road markers, lirusliing concrete surfaces, sheet 
pile driving, caisson work, casting concrete jwles, dnll 
sharpening, and cutting metals under water all arc jobs 
lor which air-operated tools and equipment arc being 
used by contractors to lower constmi tioii costs 

,\ir guns to apply concrete on new construction and 
repairs are a common application for ciiinprcssed air 
\ir guns for spray painung are saving time and money 
on innumerable projects On tunnel projects, air-oper¬ 
ated rock drills, clay diggers and other pneumatic tools 
speed a job to completion (22) Lightweight, air-opcr- 
ated pumps are used by contractors for pumping out 
sumps, trenches, manholes, caissons, coffer dams, tanks 
and bilges. 

There are other important applications for com- 
nressed atr on construction, and most of the pneumanc 
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tooU innunienited have a number of uses in addition 
to those spetifirally mentioned The typical applications 
for compressed air which arc listed tan only suggest 
work which this veisatile power can perform success¬ 
fully. 

Food lndust)ies (23, 24) 
Packers, bakers, millers, refiners and many others in 

the food industries are applying compressed air to 
quicken daily tasks 

rransfcrring liquids and gram from railroad cars is 
a coninion application in most fcxid iiidustnes The 
pneuiii.ilit conveyor shown m fig 7 is capable of un¬ 
loading .1 cailoacl of gram in three hours 

Sugar refineries and bakeries use compressed air for 
tr.msleiring svrups Vc'getable iats and other liquids are 
transiciu’d m the same manner The agitation of cer 
tain liquids or fcxids such as pickles calls lor compressed 
air Pressure filtering also uses the same source of power 

(tanneries use compressed an m the wavs menttoned. 
as well as for blowing cans to filling ludchincs. and for 
(CMikmg and sterili/atton (25) Bakeries use air for clean¬ 
ing biscuit dies (20). spraying butter in pans, and 
pressing out dough m measured ainoiints from auto¬ 
matic roll machines ,4iir jets are the best wav for clean¬ 
ing crumbs from bread slicing machines without stopping 
operations Air hoists and lifts are commonly used in 

the plant and at the loading dock Vacuum packing is 
another serstce performed with the aid of air compres¬ 
sor equipment for the food industry 

Found)tes (27, 28, 29) 

The foundry industry has put compressed air to work 
in numerous ways. Sand rammers, molding maclunes, 
sand sifters, several types of vibrators, and clamps for 
holding work are air-opera ted Atr hoists and lifu assist in 
handling work Pneumatic hammers, drills and gnndcrs 
are used in different operations Castings are cleaned by 
air sandblasting nr air-opcrated wire poever brushes 
Machines and cores are cleaned by blowing off with air 
Compressed air is indispensable in a foundry 

fifis Works 

The compression of gas for high pressure transmission 
and for other purposes requires many large compressors 
Small air compressors are used to start gas engines 

Fig. 8. A quick way to ramev* and eUan h«at •Kcbaagar 

C'aHiipressors again are required for compressing car¬ 
bonic acid, acetylene, oxygen and other gases Com¬ 
pressed air IS used for testing pipe lines, and pneumatic 
icKils arc used lor c.iulking pipe lines and tanks and for 
riveting tanks 

I(r find Refiigetninig Plants 

Xpplicaiioiis hcie include air hoists for ice tanks and 
loading cars, pumping and aerating water by compressed 
air, scaling condenser coils and cleaning boiler flues 
wiih compressed air 

I.ttmher 

Saw mills, wcMidworking plants and other lumber 
plants de|>cnci iqion com|>resscd air to do much of the 
heavy work llnlii.iiling logs and splitting, cutting, s.iw- 
ing and tiiiiiimiig wonil .irc .i tew typical applications 
WcMxl preserving processes also employ compressed .tir 

\ir IS used to blow sawdust and shavings from ma- 
cliincs and for cleaning rafters timbers and Irainework 
Spark-fiee air hoists are capable of handling heavy 
loads with speed and ease and such hoists eliminate the 
fire h.iraid from motor sparks in the presence of coni- 
Inisiible m.itcrials 

Metal, Metal Working and Machineiy (30, 31, 32, 

33. .34. 3.'». .3fi, 37, 38, 39) 

PrcKluciioii of metals and the in.ichines which work 
llieni iiilo finished proiliicis is a cast field of industry 
In countless processes Irom molten metal to the finished 
prcHluct, compressed air performs a liighly useful role, 
sometimes in a minor way and sometimes as the essen¬ 
tial facior in the proiess In the manuiacture of wrist 
watches or washing machines, bolts or battleships— 
whatever the prcKluct-compressed air contributes in 
some way to production 

I he Bessemer prexess for making steel calls for huge 
cpiantities of low-pressure air for aerating metal I’neu- 
inaiic icMils arc used around the null for chipping and 
grinding billets, as well as lor mppiiig blast furnaces. 
Snieltcis and ore mills use air hoists and lifts, agitate 
cyanide vilutions with amipressed air, and clean evanide 
tanks by sandblast Caulking of tanks, blowing con¬ 
verters. operating lonvertcr tamping machines and 
handling solutions are a few other typical .ipplirations 
(4(1) 

In metal working plants compressed air works at 
heavy and light jobs Riveting, whether with small air 
hammers on light work, or with bull riveters, is a com¬ 
mon application for coinjiressed air 

Small air grinders give tool makers and production 
workers high, variable and easily controllable speeds for 
hundreds of metal working tasks (41). Larger air 
Joinders are used for removing weld slag, burrs and 
scale, and for cleaning up work in other ways 

The same fleicible power which gives air grinders 
their effectiveness also is applied to drills, wrenches and 
screw driven. Ease of handling, power in relation to 
size, low maintenance costs and ability to operate feu 
long periods without interruption makes thew pneu¬ 
matic tools pe^ular with both vmrken and tnanagnnent. 

Work pciritioning is an application for compreii^ 
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.iir winch n helping to lower costs in the metal indus¬ 
tries 

kntire auto body frames .ire placed in a jig and 

(lamped into plate by a scries of air pistons, to hold 
the assembly true and firm during welding operauons 
Small pieces arc held by the same air clamping prin¬ 
ciple Air motors are used to turn large tanks and other 
huge containers to the desired working position during 
(onstruition Air vises are u.sed to hold work firmly and 
etcnly and compressed air is applied to many otlier 
work positioning devices 

The use of air jets to keep cuttings clear from tools 
IS probably the most common of all applications of 
compressed air to machine operations 

Air chucks on lathes, milling machines and otlier ma¬ 
chine tools reduce the time required to insert and re¬ 
move pieces of work (42) Air chucks are commonly 
used instead of the slower manual tightening of work 
when the cutting time is brief and high production 
rates are essential 

Air motors and air pistons arc also applied in many 

ways to bring work to the tool or tool to the work 

Forge hammers and other steam-tiperated equipment 
frequently are operated more economically and effec¬ 
tively by compressed air Bending presses, air lifts and 
jacks, spray painting, sandblasting, pumping water, 

stamping, planishing and embossing are other applica¬ 
tions for compressed air in the metal industries (48) 
Testing for porosity, leaks or other flaws is done by 
building up inside air pressure and submerging the 
part in water Parts are assembled by the use of air 
pistons Factory drawings and written messages are car¬ 
ried by pneumatic tube systems These applications may 
suggest the scope of this versatile power and indicate 
how important compressed air is to the metal working 
industry 

Mining 

In mines, compressed air is lightening the burden of 
the miner and increasing output Pneumatic rock drills 
arc important mining tools (44) Other typical uses for 
compressed air include* return air system for station 
and sump pumping; unwatering by air lift system; un¬ 
loading cars; running direct-acting pumps, loading ore; 
filling cracks and scams with cement, conveying; ven¬ 
tilating inaccessible areas, pile driving for shaft work; 
operating coal punchers, chain machines and radial-axe 

coal cutters; spreading stone dust to prevent coal dust 
explosions, operating pick and drill sharpeners 

Oil Refineries (45, 46) 
In production processes and maintenance, compressed 

air serves the oil industry in important ways. 

Backing out heat exchanger tubes with an air-operated 
chipping hammer is illustrated in Fig. 8 (47). Using 
the same air motor with different tools attached, the 
worker also drills out clogged tubes, and brushes and 
flares the ends of the tubes with a tube roller. Similar but 
larger air^perated tools are used for cleaning out coke 
formed In big tubes in the towers. Pneumatic tools also 
are used in caulking, riveting and other maintenance 
work on unks, pipe lines, etc. Sandblasting of towers 

before welding, air-operated work positioners and air 
hoists are other typical applications for compressed air. 

Put king Houses (48, 49) 
.Siufling sausages, testing sausage casings; operaung 

belly pounders, loin presses and shoulder cutting ma¬ 
chines. and pumping water arc a few of the typical 
applications for compressed air in meat packing Com¬ 
pressed air aids combustion in smoke houses and is 
mixed with flames for removing hairs from hog snoots, 
etc Air hoists are used to lift calves from conveyor 
lines and for other lifting where speed and ease of the 
lift’s ojK-ration is imjiortant 

PtnnI Faclottes (50) 

Filling and sealing cans is a typical application for 
compressed air by paint manufacturers Stamping cans, 
transferring liquids, dressing burr stones and air lift 
and hoists are others The absence of sparks in the 
preseiuc of inflammable varnish is one of the reasons 
air hoists are espeaally chosen in handling varnish 
filters 

Qutitnes (51, 52) 
Compressed air is the prinrij>al form of power for 

most quarry operations Stone channelcrs, rock drills 
and plug drills all are air operated Steam pumps are 
operated by compressed air in many quarries because 
of the ease of delivering power to the pump without 
great loss Pumping also is done by the retum-air sys¬ 
tem Air hoists and lifts are important quarry aids in 
handling heavy stone slabs In the smith shop, ham¬ 
mers, sharpening tools and other equipment are oper¬ 
ated by compressed air 

Rathoads (53) 
Steam and electric railways have found that hundreds 

of tasks can be performed best with compressed air- 
operated tools and equipment Along the tracks, in car 
shows, roundhouses and railway yards, this important 
industry is doing essential work with the aid of com¬ 

pressed air (54) 
Fig 9 sltows a roundhouse boiler maker tightening 

the boiler door on a locomouve with an air-operated 
impact wrench. • 

A few of the many other railway applications for 

FI9. 9. Tka leeemetivs beilar door is taghlly closed with an 
edr-eparated svranch. A band snanch would eousa unnoc- 

assorr axartion and parbops an aceidont. 
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pneumatic tools are cutting out boiler flues with air 
hammers, drilling, greasing locomotives, reaming, grind¬ 
ing surfaces, caulking boilers and tanks and chipping 

outside boiler seams A mechanized railway track gang 
uses compressed air-operated tools for driving spikes, 

digging, grinding rails, tightening bolts, tamping, pull¬ 
ing spikes and other jobs which can be done faster than 

by manual methods 
Air jacks arc used to line up locomotive wheels and 

innumerable other tasks Motors and generators arc- 
cleaned with air jets Sandblasting cleans car seals, re¬ 

moves paint and cleans castings Operating cement guns, 
delivering sand to locomotives, cleaning switclies, spray¬ 

ing paint and operating turntable motors are other 
ways in which railroads ajiply compressed air to their 

daily work Grease sticks and wafers arc extruded from 
grease blocks by high-pressuie air and flues are cleaned 

with an air-operated rattler 

Rubber 

Production ol tires and other rubber products calls 

for compressed air in many of the processes .Air blasts 
are apjilied for cleaning out tire and other molds Small 

air drills are used to clean out little holes in tlic wall 

of the mold in order to release gases from the heated 
rubber during vuliani/iiig Air pistons press unvukan- 

i/ed casings into the general contour of a tire Air pis 
tons also arc used to ram crude rubber into the rolls 

of mixers 
1 emperaturcs for rubber mold presses and vulcan- 

izcrs are very closely controlled by means of air-actuated 
instniments, brushing of molds is done with air powered 

bruslies, and testing, disk-spraying, cleaning of rubber 
goods and inflating of tires are other typical uses for 

compressed air 

Shipyards and Marine (55, 56, 57) 
Compressed air has long been an essenlial factor in 

building and repairing siiijis (Fig 10) Pneumatic tools 

have eliminated many slow, tedious stejis m construc¬ 

tion Air hammers arc used in driving nails and spikcM 
in keel laying, fur chipping weld scale, for riveting and 

for caulking Air grinders have mnuiiicrabic applica¬ 

tions in smoothing surfaces (58, .59) .Spray painting is 

speeding up that phase of shipbuilding to 20 times 

faster than hand brushing methods Air-ojierated ream¬ 
ers and drills are other important tcxils to shipbuilders 

Since much of their work is in the open, shipbuilders 
find compressed air especially convenient and useful in 

blowing off snow, rain or dirt from work Testing welded 
seams is made easier by blowing away water accumu¬ 
lated inside the seam Siphoning oft rain water with 
compressed air removes it more thoroughly than pump¬ 

ing. 

In addition to its extensive use in the foregoing in¬ 
dustries. compressed air is used in ammunition depots 

(bn bl), asjilialt rehneries, bescrage production (62); 

iigai and cigarette factories, cut stone and monument 
yards, dames (68, M. 65, 66). futtiitiirc manufacturing 

plants (b7). glass works (68, b9), hat factories; hos¬ 
pitals (70). laundries and dry cleaning plants (71, 72): 

lumber industry, niiinicipal and goveinnient divisions 
(78). oflice and othei buildings (74. 75, 76); pajscr 

mills (77 78). plasms (79) jxitterv and china works 
(80), jiower and lighi jiiarits (81), prinliiig and news- 

pajM-r plants (82), publii utilities, sewage plants, tan- 
iicries lexlilt plains (88), water works and well drill¬ 

ing (81) 

luduslrial Plant Matulenattce (85, 86. 87, 88, 89, 90) 
Industries and otbei users of compressed air classified 

III ihis article ajiply this jxiwer to the particular work 

for which It IS best suited in their individual field 

llowevei, practically all compressed air users in indus- 
trv have common problems in maintaining buildings 

and machinery General ajijihcatioiis for compressed air 
in plant maintenance are the following 

C.le.ining by the positive jircssure of air jets air tools, 
such as paving bieakers, is used to rejiair concrete 

llcMiis, ojiening masonty walls lor various service lines 

and similar work .Smaller air hamiiiers are used for 
caulking and chipping Plants with well-placed air out¬ 

lets use air-operated drills strew drivers and wrenches 
for other maiiiicnaiici woik Portable paint spraying 

outfits enable news to kiep ahead of this important 
maintenance job .Sprinklci systems, esjiccially in un- 

heaic-d jMmioiis of a plant arc controlled by air pres¬ 
sure which prevents watir Irom entering the pipes until 

heat breaks the seal and leleases the pressure Cleaning 
of building flcxirs, remote ceiling areas and overhead 
pipes progresses faster with the aid of air jets Boiler 

tubes arc quickly and thoroughly cleaned with air pres¬ 
sure to remove the soot 

I he applications mentioned in this article arc by no 
means a complete list ol the many modern industrial 
uses lor comprevse-d air In every industry using this 

vcTs.itile power, there are companies which have devel- 

ojiecl their own ingenious devices or processes employing 
compressed air for production economies or iniprove- 

iiicnis 1 here arc many general uses which have not 
been meiuioned here However, the uninentioned ap¬ 

plications. general or unique, usually incorporate one 
or a combination of the ojieratiiig principles described 

Ulustiatiom for thu chapter were obtained through 

the courtesy of the Compressed Air and Gas Insti¬ 

tute, Chicago Pneumatic Tool Co, Independent 

Pneumatic Tool Co., and Ingersoll-Rand Co. 
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CHAPTER VIII 

ELECTRICAL INDUSTRY 

by Frank Benedict 

Die tremendous indiistritil dcseJo()iiieii( that took 
place during World War II was a direct tesult ut the 

proper placement of prtxluctive power behind the in¬ 

dustrial worker This power took three main forms 
diesel and gas powei, steam power, and electric power 
Of the three, the application of electric {lower lot man¬ 

ufacturing has been general 'I he development and use 

of electric power in the United States has been toii- 
tiiiuous since the tominercial introduttion of die direct- 

current system in 1879 and the alternating-current sys¬ 
tem in 1886 

The installed produt tive power jier worker has shown 

progressive increase, with 0 106 hp in 1899, 0 71 hp in 
1909, 1 86 hp in 1919, 4 04 hp in 1929, i 74 hp in 1989, 

and approximately 6 25 hp in 1946 It is estimated that 
the productive power per industrial worker will increase 

to at least 7 5 hp by 1950 ihe large increase in the 
number of industrial workers since 1939, coupled with 
die increase in horsepower per worker, has made it iiii- 
(xissible for the electrical equipment manufacturers to 

keep pate with the industrial demands for power utili¬ 

zation equipment The pressure for utilization equip¬ 
ment has been so great that few completely new items 
have been developed There have been, however, many 
advancements in apparatus and equipment, some of 

which have resulted directly from war experience 

Fabrication— (1) 

One of the most dominant factors in post-war de¬ 

signs IS the methcxl or process of fabrication. It would 

have been impossible to achieve the tremendous pro- 
ducuon of guns, tanks, and ships widiout recourse to 
welding in the fabrication process The prexess of ma¬ 

terials joining was intensively studied, and out of it 

came completely satisfactory methods for resistance weld¬ 
ing and arc welding most of the common metals in¬ 
cluding aluminum, magnesium, and a great many of 

their alloys. Second in importance to welding m the fab¬ 
rication process was the problem of riveting Flusli rivet¬ 

ing in aircraft manufacture was develo]}ed to an exact 

science, and millions of man houn were saved in iu 
extensive use. The {xissibihties of the explosive nvet 

have not yet been completely explored for possible in¬ 
dustrial use, but it seems certain that this method has 

great possibilities in die light metal fabricating fields 
Dozens of new types of shakeproof fasteners were de¬ 

veloped and found extensive use in nearly every fab¬ 

ricating field. Many of these fabricating processes are 
applicable to the electrical manufacturing field and are 
being applied as rapidly as they can be proved satis¬ 

factory foe use. 

/ ighfei Weight 

Designing lor weight reduction was initially most 

active in the aiiirali field However, as weight reduc¬ 

tions were achieved, with marked iiiiprovenient in the 
jiKKliicls. iiidiisliial desigiieis studied every detail of 
their designs to rc-niove esc ess weight While this re¬ 
sulted III a iienieiiclous Mving ot critical materials, the 

c-flect to the iisci was in e.isiet hanclling, levs flcxir spate, 
betiei a|>}XMiaiuc. .ind usually iiiiproveci cqieration 

Sulnlitule Mateuah (2 .H) 

rile jiiijsortaiue ol the weight reduction program 
was inHiienied to a marked degree by the trend to 
higher o{>erating s|>t‘eds of tliiven cqui|>nieiit to obtain 
intieastd prcKluction Ironi a given machine or process 

Kotating inathine designs were most carefully reviewed 
to obtain l.iitors of safety coinniensuratc with the re¬ 

quirements oi the applications In many cases, the sub¬ 
stitution ol materials was the tom|>clling factoi in a spe- 
cilic ledesigii, but more often than not, the substitute 

maietial turned out to be as gcxid as or better than the 

origin.il material Many of the iinjiorlanl design changes 
during the war weie a direct result ol material substi¬ 
tution 

Millet uih (-1-11) 
A high percentage of the new materials developed 

during the war {leriod was fur a specific product or 

application Now, as the characteristics ot these new 
materials arc made available to designers and manufac- 

tuiers alike and their design limits are determined, new 
and improved designs will result. The new material 
held includes such materials as metal alloys, plastics, in¬ 

sulation, glass, ceramics, pulp and paper products, tex¬ 

tiles, and many others The electrical industry is vitally 
interested in these materials, and future designs will 
reflect their use 

High Capacity-Short Life 

Many military devices were intentionally designed to 
give high capacity but short life Such military expedi¬ 

ency can be justified during a war period, but the life 
of industrial designs is measured in years, and only those 

design refinements that do not appreciably reduce the 
normal expected life of the design can be considered of 

value. Interpretation of tliese designs requires a great 
deal of angineering study, and it will be some years 

before the essential elements of these designs can be 

translated into satisfactory industrial practice 

Compai tness—Umt Construction 

The war expansion programs of many factories called 
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(or more production from the same working space This 
required very careful co-ordination of the driving and 
driven equipment to attain maximum utility of floor 
area and resulted in the devclopiiieiit of more compact 
designs to meet the restricted space requirements Wliere 

more than one function was performed in an area, unit 
equipments incorporating all of the functions in one 
enclosure were developed Unit designs were very popu¬ 
lar during the war and are cunently being extended 

into new fields 

Standardization 

The war production program called also for the un¬ 
precedented expansion of existing plants and tlie build¬ 

ing of thousands of new ones Each plant expansion as 
well as each new plant presented an overall electrical 
power problem that had to be met and solved before 

production could begin The standardization of elec¬ 

trical manufacturers' types, sues, voltage and current 
ratings, horsepowers, frequencies, interrupting raungs, 
duty cycles, etc, was very helpful in reducing the num¬ 

ber of special equipments that had to be manufactured 

to meet the desires of customers One of the manu¬ 
facturers’ problems was the education of engineers and 

plant designers in the selection of equipment that would 
be essentially standard and that would eliminate special 

engineering. It has been estimated that 20 million man 

hours of engineering time were saved by specifying 
standard, rather than special, apparatus As new indus¬ 
trial areas are developed, siandarduaiion takes on an 

added importance since the benefits of standanluation 
include shorter deliveries on standard apparatus, lower 
equipment cost, lower installation cost, interchangeabil¬ 

ity of similar types of apparatus, simplified stcHking ol 
spare units, quicker repairs through standardization of 
parts, and simplified operator training 

The Industrial Outlook 

The luture markets lor electrical power utilization 

equipment will be open to many, all of whom will ben¬ 
efit from the unprecedented industrial progress accel¬ 
erated by World War II It is generally agreed that the 
new designs and spectacular improvements are the in¬ 

strumentalities used to gam entrance to, or maintain 
position in, lucrative commercial fields, and the elec¬ 

trical designers are already deep in the problem of 
translating war tlieory and design into realities tliat 
will improve electrical equipment 

Industry in general finds itself enmeshed in the spiral 

of increasing labor and material costs In order to keep 
the price of its product or service to a minimum and 
at the same time realize a fair profit, each industry is 

eneigetically studying ways and means of reducing the 
cost of its product or service and at tlie same time is 
giving such design time as can be spared to the design of 

new products. The problem of cost reduction is being 
approached from three angles; 

1. Increasing production with present or additional 
equipment; 

2. Decreasing manufactunng cost by making cost an¬ 

alyses on all operations and applying rigid process 
controls to reduce costs; and 

3 Improving the product to give it a definite market 

advantage at the present, or even increased, price 

All three of these approaches involve the proper appli¬ 
cation of productive {lower equipment and may also 
involve all phases of the utilization of electrical energy. 

Oevelopmenis ol interest to industrial power users are 
outlined in tlie iollowing pages and may reveal oppor- 
tiiniiies lor further industrial progress, since one or 

more of these items are lactors in an economic study 
of any prexess that utilizes electrical cnetgy in the inan- 
ufactuie of a product 

Substatwm (12-54) 

Both substation construction and equipment have 
uticlcrgone radical changes m the past five years I he 
single-package idea for industrial power substations is 
expcrieiiaiig a wide and sweeping acceptance A trans¬ 

former and switchgear unit built as one piece brings to 

engineers and plant designers the greatei flexibility and. 
in some cases, even actual portability that is so dis¬ 
tinctly a present-day trend 

This trend to a large extent is based on conspicuous 
engineering improvements Ihc iuniiions ol transfor¬ 
mation, regulation, protection, circuit interruption, con¬ 

trol, and metering ol electric power heretofore fier- 
tormed by separate pieces ol apparatus in an open 

structural-type substation have been cumbinecl into a 
single, completely enclosed, factory assembled unit. This 

type ol eqiiipnient oflers a neatly tailored appearance 
coupled with portability It has hirthei advant<igcs ol 

cuinpact assembly which results in a s.iving of space, 
economy and ease of installation, low operating and 
maintenance cost, fewer opeiating hazards, and com¬ 

plete co-ordiriation ol all parts Single circuit unit sub¬ 
stations arc available in sizes ranging Irom 751) to 5000 

kva, with high voltages from 12 to 132 kv and low 

voltages from 2 3 to 15 kv 
For two or more feeders, a iinii-substaiion throat- 

connected transformer and switchgear unit has been de¬ 

veloped The size of a substation of this type is limited 
only by tlie breaker capacity, but sizes as large as 50,000 
kva have been considered A high proportion of the 

applications he between 1000 and 5000 kva and are 
manufactured for any practical combination of high- or 

low-voltage circuits 
Recently the Duplex two-circuit substation has evoked 

considerable interest This installation consists of two 
substations connected on the secondary side by a tic 

breaker which closes when seamdary voltage is lost 
by ciUier unit, thus assuring a high degree of reliability 
and provision for an alternate power supply in ense 

of a unit failure Present ratings are listed up lo 20,000 
kva per unit with practical limits set by the breaker size. 

Where single-unit packaged-power substations are 

operated, demands for emergency service can be met 
by high-capacity trailer-mounted substations, which add 

mobility and flexibility to the features usually asso- 

uated with conventional unit substations. Such equip¬ 
ment has been developed for primary voltages up to 
69 kv, and its capacity is limited only by tlie maximum 

allowable trailer dimensions. 

Transformers have been greatly improved in the last 



h\e years by numerous material and sirtiiiural tIeveUip- 
inents 1‘hysical sires and eleLttical losses have been ic- 
diited through the deselopitieiii and use ol grant 
oticnied, high sihion, magnetii steels lank totistruc- 
tion lias lieen impioved to the point wluie vacuum 
Liiating and Idling the transloiuier uiidei saciuim in 
Its own tank ate entirelv |wssible Smli opctations in 
sure complete drying and thoiough oil impregnation 
Ul-UL'lded loriii-iit tanks ate iiicieasing in jiopulatuy 

as they reduce the aniouiil oi oil ttquirtd lot a given 
design Such tanks also piosidc tighter totisiruction 
ihiough the elimination ol gasketing and bulling at die 
lank cover Many poiMi iianslormeis aie now pro 
sided with automatiially contiulhd. ineit gas atmos¬ 
pheres above the oil to ]ntvent oil sludging and to 
re(<u(e the efleets ol inletiial explosions I he scaled 
tank (onstrtiriion, with dead air space above the oil, 
has ,ilso been populai New pump muiors, o|M;r.iiing 
direrily in oil, have given added ini]X'ius to forced oil 
cooling .ind have resiilicd in smaller and more eHuienc 
units Insulation design has been thoioughly reworked 
to incoiporale the results ol extensive lalmraiory experi¬ 
ments koi instance, it vv,is lound that insulating bar¬ 
riers were weak in crei page to impulse voluges as 
eonipared to 60-iycle voltages On the other hand, it was 
found that insulating haulers have high-impulsc piinc- 
lure siicngth As a result of these discoveries, tranv 
formers were designed lo eliminate ereepage surfaces so 
tai as possible and to substitute lor ilicm insulation 
structures built in such a way that a failure could 
occur only by puncturing the solid insulating matenal 
By this scientific apphtaiion of insulation, die total 
amount of insulation in the transformers was reduced 
and the impulse strength gready increased 

Lightning protection of unit substations is normally 
incotporated as part of the co-ordinated unit The gen¬ 
eral problem of lightning protection of the industrial 
plant however may involve protecting the buildings 
against direct strokes, protecting the plant electntal 
circuits against direct hits, protecting the electrical ma¬ 
chinery and apparatus against surges, and protecting 
the power source (conventional subsution) against both 
direct hits and surges. Ground wires installed above 



Portabl* ■ttbatation >■ readily lied in to subetitute tor ex- 
iatin« iaeililiea during emergeneiaa at repaira. 

High'-reliaga oil bloat circuit breaker baa aeoled buahinBa, 
muUi-braak intamiplor and la pneuaialically operated. 

Switchgear diatribulea 60-eyele power at 6800 toIIb to 
Toiieua cireuila in thia newly moderaiaad ateel mill. 

exposed power lines have been efiecuve in reduang direct 
hits to the lines. Properly installed shielding or installa¬ 
tion of lightning rods has reduced the magnitude of 
induced surges on plant wiring resulting from direct or 
near direct hits. The application of valve type arresters 
alone or in combination with wave sloping capacitors 
has reduced plant equipment failures due to surges 
Both valve and De-ion tube type arresters have been 
applied in substation protection up to 15 kv Above 
15 kv, valve arresters are considered to be superior. 

In die past tew years, considerable improvement has 
been made in valve arrester block capacity Line-type 
arresters are now able to handle 65,000-ampere suiges 
of short duration, while station-type arresters will handle 
100-000-amperc surges of comparable duration 

De-ion tube arresters lor use on circuits up to 15 kv 
have also tieen improved through lowering the impulse 
discharge voltage reijuired for breakdown 1 he Westing- 
house type A tube is nut limited in its application by 
system fault currents since its action is current limiting 
1 hose types that are not current limiting must be care- 
lully applied to systems having limited fault current 
capacity 

Power loses have been extended to cover new fields 
ol application An outdoor fuse has been developed for 
applications on systems up to one million kva at ISB kv 
'Ihe fuse is designed to be used principally on trans- 
tonner primaries whicli are tapped from high capacity 
systems at isolated substations 'lo provide positive dis- 
coniicciing. the luse swings open after operation 

Ihe current-limiting fuse has been extended in rat¬ 
ing to cover motor-starting service and application to 
small auxiliaries connected to high-power systems The 
luse IS charactcrired by its high interrupting ability and 
rapid limitation ol fault current without voltage surges 
Ratings include 2 5, 5. 7 5, 15, and 2S kv The 5 kv 
fuse has a nominal lating of 200 amperes with an mter- 
rupung rating of 60,000 amperes r m s Ratings beyond 
200 amperes have not yet been developed 

Disumnett switches have been completely re-designed 
to provide easier operation and positive action, par¬ 
ticularly under icing conditions The newest switch has 
only tliree moving parts, and the junction of these mov¬ 
ing elements occurs within an enclosed housing The 
blade is counterbalanced with a spring and provides 
improved ease of operation. 

Ihe load break disconnect switch was extensively used 
during the war for both indoor and outdoor service. 
NLMA ratings are 5 kv, 400 amperes; 7.5 kv, 200 am¬ 
peres; and 15 kv, 100 amperes. These disconnect 
switches may tie combined with power fuses to obtain 
high, short circuit interrupting capacity. 

SwUihgeur (.55-60) 

Orawout low-voltage metal-enclosed switchgear is now 
being used as a general practice in industnal plants. 
Five classes of low-voltage breakers are available with 
.interrupting ratings of 15,000, 25,000, 50,000, 75,000, 
and 100,000 amperes with current ratings up to 6,000 
amperes alternating current. 

llie low-voltage metal-enclosed switchgear assemblies 
are constructed of individual units, any nmnber of 
which may be bolted together to form a complete ttnic- 
ture and to meet the most econmnical bus amngement. 
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Each front breaker compartment is completely isolated, 

and the number of compartments in each unit is de¬ 
termined by the size of the breaker (manual or electric) 

and the interrupting rating The metal enclosure for 
buses and cables at the rear of the structure consists 

of universal frames which are available in 6-tnrh steps 
and which provide flexibility in locating the buses and 

in mounting accessories Metal barriers are provided 
between main bus sections 

Low-voltage breakers are often applied on the cascade 
principle, where only those breakers nearest to the 
source of power require full interrupting ratings while 

the breakers in succeeding steps further from tlie source 

may have lower interrupting ratings Such applications 
often represent a great saving in initial cost, but it 

must be realized though that this saving is not obtained 
without some risk and sacnhce in overall performance 

Mechanical, definite time-delay devices applied on the 
cascade principle will have positive selectivity up to 80 

percent of the interrupting rating of the next lowei 
breaker in the cascade, while breakers applied with full 

interrupting capacity will have complete selectivity 
comparable to that which now is obtainable only with 

relays 
For medium-capacity applications requiring interrupt¬ 

ing capacities of 50,000 to 500.000 kva at 2 3 to 15 kv, 
the trend is toward metaklad switchgear utilizing oil- 

less circuit breakers of the magnetic blowout type Al¬ 
though the development began almost 15 years ago, it 

IS only in the last few years that it has started to 
crowd out the oil breaker 

The standard base unit is designed for single-bus 
operation with the bus, circuit breaker, and current 

transformer and cable terminals in separate compart¬ 
ments with grounded steel barriers between The bus 

compartment is arranged to permit direct connections 
to the disconnecting switch contacts for maximum 

reliability. 

Other typical bus arrangements such as tlie double 

bus, double breaker, or transfer bus are readily ob¬ 
tained, using the standard single-bus base unit, by 

mounting two back-to-back for the first case or by add¬ 

ing a transfer bus and disconnecting switch compart¬ 

ment either as a superstructure over the base unit or as 
a separate structure Auxiliary compartments are used 

to house accessory equipment such as operating or 
potential transformers, suige protective equipment, and 

totalizing transformers to form a complete metalclad 
switching structure Any of the standard indoor arrange¬ 

ments can be used in outdoor stations by adding weather¬ 
proofing details. 

Electrification in the petroleum and chemical indus¬ 
tries has been marked by a gradual but inevitable in¬ 

crease in the specialized forms of apparatus developed 
to meet conditions of atmospheric corrosion and ex¬ 

plosion hazard for which general purpose lines are 
inadequate. Explosion-resisting moton and control have 
been developed to meet the most exacting application 
conditions. Switchgear, due to its size and complexity, 

is very difficult to make explosion resisting; however, 
nvitdigear in triikh all current breaking conuctt are oil 

immersed hm been developed. The gear is trf the 

vertical lift type with oil breakers, and extensive meas¬ 

ures are taken to protect hazardous points 
A major improvement in metalclad switchgear came 

in the pnivision ol means for making the large assem¬ 
bled housings rust resisting This process, known as 

bonderizing. has been extensively used by automobile 
makers to protect car bodies, but only recently has it 

been applied to protect assembled switchgear enclosures 
of large size and thick gauge In addition to the pro¬ 

tection provided, a better paint base is assured which 
gives better apjseanng. longer lasting finishes 

The general trend in switchgear equipment emphasizes 

ruggetiness ol structure, accessibility for case of mainte¬ 
nance, standard parts for simplihcation of stocking parts 

and lor case of replacement, higher operating safety, 
and design standardization to decrease unit cost to both 

the manufacturer and the user Instrumentation trends 

are towards flush mounted instruments, meters, and re¬ 
lays. smaller, long-scale instruments with better illumina¬ 

tion for eye ease in reading, improved, positive-action 
terst switches, improved indicating light cxinstruction 

for positive color indication, ease in bulb replacement, 
and rugged, positive action instrument switches 

Plant Dtstubutum SyUems (61-120) 

The large number of new plants built during the war 

provided engineers with the opportunity of studying 

and applying various types of plant distribution sys¬ 
tems Of the systems studied, the radial and network 

types were the most tavored. and apparatus to further 

then applications was extensively developed 
The simple radial system consists of a power source, 

usually a plant substation whicli supplies power to 

single or multiple radial feeders from a main distribu¬ 
tion bus For small plants requiring a single power 

source with less than 1000 kv capacity and less than 8 
watts per square loot of flour space, the radial system 

IS cheaper to install and maintain but has limitations 

which must be economically evaluated The factors of 

most importance are. 

1 Production can be completely interrupted by 
primary substation failure 

2 Failure in any main distribution bus interrupts all 

service 

3 Failure in any secondary feeder intemipu service 
on an entire circuit. 

4 Voltage regulation is not uniform because of the 
unavailable voltage drop in long, low voltage, 

feeder lines Voltage at load centers removed from 
the substation cannot be maintained because of 
long lines. 

5 Any major expansion of the system involves— 

(a) increased substation capacity, and (b) new 
mam switchgear units for the main distribution 

bus and new distribution centers where they are 
used. 

The alternating-current secondary network system has 
been used for many years to better distribute power in 

the business areas of cities and in laige commerdal 
buildings, and the system has now been adopted for 

use in industrial plants The beat known advantage of 



Av eeelad dry lyp« tranalorraer, odjacani to awitchgaar 
rapraaanta tha aoiaat lypa oi unit for indoor oparation, 

the alternating-dirrent seioiulary network system is ton- 

timiity of serMic No single [.mil anywhere on the sys 

tem will uiterru|)t servite to iiiorc th.in ,i small part 
ot the svsteni load Most laulis will lie aiitoiiiatitally 
(Icared wiiliout interrupting sciiite to any load 

The oinstandiiig advantage whith the netwotk sys¬ 
tem offers is its llevihility. in most indtistrtalappluations. 

to meet (hanging and glowing load (oiiditions at a 
niiiiimiim tost .ind viiih a niinimnin of tiiierleiciKe with 

the itornial upcratioii ol the plant In addition to 
flexibility and servue rtlialiiliiy, Us also jirovides ex 

teptionally good voltage regtilation, and us high eflt- 
(leiuy redurcs the cost of losses 

Physically the secondary network system differs from 
the simple radial system in tliree ways, all of which 
acaitint for its outstanding advantages First, a network 
protector is connected in die secondary leads of path 

network transfonner in place of the secondary breaker 
The purpose ol the netwotk protector is to protect the 

secondary loop and leads fed from its against tranv 

former and primary feeiler faults by disconnccnng the 
defective feeder transformer when the back feed occurs 
Second, tlic secondaries of all iranslorniers are connected 

together by a ring bus or setoiid.iry loop, from which 
the loads are fed over short radial circuits, which results 
in a saving in transformer capacity, a saving in secondary 
load circuit copper and conduit, lower system losses, 

and improved voltage regulation, lliird, the high-voluge 
Iced consists ol two or more primary feeders having 
sufficient capacity so that the entire plant load can be 
carried without overloading when any one primary 
feeder is out of service. 

The industrial plant network system may take a num¬ 
ber of forms The most commonly used is the primary 
selective network with loads fed from the secondary loop 

at transformer feed-in poinu only A simple variation ol 
this system, m which some loads are fed from the 
secondary loop between transfonner points, has been 
»tisfactory \^le the network normally uses two pri¬ 
mary feeders, three or more may be used. Reliability u 

improved, but in any case the additional expense must 
be justiiied. 

Outdoor msiallation oi a 1080 Irra eopacilor unit; it is au¬ 
tomatically switched in response to Ime voltage. 

Both the simple .iiid the priimiry selective network 
systems may lake a form known as the spot network 

svsicm In this svstciii two tr.insloimcrs feed thioiigh 
network protectors to a load bus 1 lie simple and spot 
network systems have been coinbiiud iii some cases 
wliere s|K(ili( types of lo,uI ate present 

.Vc'/reoi/r Unil\ 

I he swing lo iietwoik .ipplic.Uions has been a result 
ol c(|uipmeiu development In the first plate, limiters 

liaci to be (levelo|M;d and tested before fbll-volt networks 
were pr.i(tical I he liimu-r is .1 cltvice lor disconnecting 
a biulted secondarv loop c.ililc from a distribiuiun sys¬ 

tem and for protecting ihe uiifauhed poiticms of Uiat 
cable against serious thermal d.iiiiage by means ol a 
heavy cop|M.i fuse which is operated by pavsing current 
through It Ihc lusiblc member is completely enclosed 
so that theie is no visible flame or smoke vviieii it oper¬ 

ates within Its rating lamiteis lot iiicliistnal plant net¬ 
works are suitable lor use on circuits of GOO volts and 
below at 60 cvcies and have an interrupting rating of 
50,000 amperes lamiters are designed to be used with 
specific cable si/es, the laigest being 600 MCM tor use 

with type RH or type V table The minimum fusing 

current of a limiter is about 3 to 3{^ times that fur the 
I<i40 National Electric Lode rating of the cable with 
which It IS designed to be used This value of fusing 
current is necessary to insure positive selectivity among 

the limiters in the secondary loop In addition to pre¬ 
venting unnecessary limiter blowings, the high fusing 
current value of the limiters also has the advantage of 

keeping the normal temperature of the limiter termi¬ 
nals relauvely low so that the associated cable can be 
used at full rating 

lo meet the necessary requirements, new and safer 

Iransfoimers bad to be designed for industrial network 
use. Air cxmlcd, fire and explosion proof, and non- 

inflammable liquid transformers have now made it pos¬ 
sible to locate the netwotk transformers adjacent to the 
loads without the expense of constructing expenrive 
vaults. Air-cooled traniformcTS are smaller and lifter 

than the corresponding liquid-filled transformers. QtK 
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PRIMART S[L[CTIVE NETWORK 

and roils are riKlosed in lifrlitweighi. but strong, slicri 

steel rases witli gulled openings at the top ami Itottoin 

lor (irrulating rnoling air tliiough the transioiinei 
Omibiistible material is iiratiirally eliiiiiiiated ivitli 

porrelain, asliesios, mua. and glass comprising the major 

insulation These an-tooled Iransformers, eiicloyd in 

their metal rases, are by inr the safest translonners escr 
developed lot indoor o|X’raii(in 

Non-inflatnmahle liquid-filled nctwoik iiansfonncrs 
have been used in subway and outdoor semie inr mans 

years, and many improvemctits have been made in the 

.switching, transformer constnirtion. and network pro 
tectors over this period of tune 'I best sealtcl trans¬ 

formers are capable of being completely immersed lor 

an indefinilc period 

In many plants the major cleetrical loads arc alter- 

nating-rurrent indiietion inutors which have inhercntlv 
low power factors ai start in the order of 30 to 40 per 

cent, with full load power factors seldom more than 85 
per cent If tht jilant is ovennotored, with many 

motors running at light loads, plant power factors may 
run as low as 65 lo 70 per rent Where synchronous 

motors cannot be applied in the plant for power factor 
control, power cap<icitors are generally installed to pro¬ 

vide the necessary reactive kva to raise the plant power 
factor to hO per cent or more. Where the plant power 

factor is variable, automatic capacitor switching cquij)- 
ment has been extensively developed and applied Power 

capacitors have also been used for starting large motors 
on long lines, which could not have been done other¬ 

wise without a prohibitive increase in the cost of the 
lines. 

Capacitors for jjower factor correction may be in¬ 
stalled either outdoors or indoors The new finishes used 

on outdexMT capacitors permit permanent installation 
outdoors. This new finish is obuined by first sand¬ 

blasting the capacitor case to remove all scale and to 
produce an irregular surface and then by spraying it 
with vi^iorized mcullic anc to produce a coating about 

0.005 to 0^ inch thick. This coating is permanent 

and big^y resisunt to corrosion. 

SIMPLE RADIAL 

J^owri Cfiiti-n 

I III jHiwti (i-iiici IS a toinpk'ulv to ordinated, indoor 

iiiui siilisiaiion (onsisiiiig oi (a) .i high-voliagc section 
laictl r> k\ OI less fli) a iiansioiinci sc'tiioii lated 2(HH) 

kva 01 less and (<) a Itiw-voli.ige scriion rated 6000 

volts or kss the liigli-volt.igt seLtiiin usually inchides 
a line cntiaiKC unit (omjirisid ol lahlc cntratiie cquip- 
mtiit and a swiuh unit (.oiii|)iiscd of a primary feeder 

distonnetl swiuh, a ptimaiy Itedtr knip scciionali/ing 
swiuli, and piiiiMiy Icidcr stictioi swiich power fuses 

Ihi iransloriiici scttion may use either air, oil-, or 

liiertecn-type transformers, depending on the applica¬ 
tion For insidiue, industrial applitaiions utilire air- 
looled translomieis almost esclusively The low-voltage 

scttion IS (omjMised of feeder bus and breaket arrange¬ 
ments to supply power to the desired feeders This 

arrangement may iiidude built-in panelhoards and/or 
breakers Power center developments include subway 

types, floor-mounted types, root truss-mounted types, 
and oiiulfHir rotif-niomued types 

Power centers arc generally made applicable ui net¬ 
work systems by the addition of a fourth section com- 

jxned of a network protector unit and a load bus unit 

As these power tenters may be placed within a plant 

at or near the center of the load area, large amounts 
of secondary copper are saved and voltage regulation is 

unproved, The air-insulatcd transformer type has de¬ 
cided advantages over oil or Inerteen transformers for 

several reasons-no liquids arc required, no utch basins 
or drains are needed, and Arc, explosion, and toxic gas 

hazards are eliminated Iheii tcxi the lighter weiglit and 
increased safety permit overhead installation, even di¬ 

rectly above the work area, thereby saving valuable floor 
space Inspection and maintenance are also simplified. 

Plant Dishibution Tiansformers 

Industrial plant auxiliary jxiwer at 110 and 220 volts 

K usually obtained from dry-type distribution trans¬ 
formers A review of progress during the war years in 

dry type distribution transformen shows constant im 

provement in performance and wei|^t at a rate almost 

unparalleled The present 50 kva unit weighs less than 



the 15 kva model of 1938 and is considerably smaller 
in occupied space. Through their use performance has 
been improved, weight has been reduced by the use of 
special, grain oriented, magnetic steel and specially 
developed class B insulation, and operation at higher 
temperatures has been possible The latest units have 
been standardised to a point where their mountings and 
connections are interchangeable among all manufacturen 

Cables and Wiring (121-135) 
Industrial plants uciliaiiig die newest types of power 

distribution ei]uipment require cables up to 15 kv 
rating Vaniished-cambnc and paper-insulated cables 
were extensively used during the war Rubber cables prac¬ 
tically disappeared at that time, but have now returned 
to the market with supply and demand about in balance 
Conduit was very dilhcult to obtain during the war, 
.ind lead-covered and armored-cable typies predominated 

With the serious shortage of rubber and rubber com¬ 
pounds, die development of synthetic insulation was 
accelerated Development took two main approaches, 
(a) thermoplastic materials and (b) thermosetting ma¬ 
terials 1 hermoplasiic insulation is usually a compound 
of synthetic resin (usually polyvinyl chloride or its 
l<^polymer) and other materials 'I he insulation is 
compounded, milled, and then extruded on the con¬ 
ductor Applying in calendered tape form with or with¬ 
out heat scaling is less common than extruding The 
general characteristics of this type of insulation are its 
high dielectric loss, excellent moisture, otonc, chemical, 
and oil resisunce, flame resistance, thinner insulation 
giving a smaller space factor, suitability fur use without 
braids or other covering, and variety of colors This 
insulation is adaptable for uses such as budding wire, 
machine tool wiring, and radio-circuit and hook-up 
wiring. 

Thermosetting insulation is usually composed of syn¬ 
thetic rubber, predominantly Buna S. with limited 
amounts of butyl lubber and odier materials It is usually 
compounded, milled, extruded, and then vulcanized, 
although some processors apply the extruded inateiial as 
flat stock in a stnp-insulaung pnxrcss and then viiUaniie 
it. General characteristics include a lower dielectric loss 
than thermosetting insulation, low resistance to sun¬ 
light and ozone in certain grades, marked superiority to 
natural rubber in oil, moisture, and chemical resistance, 
but poorer than thennoplastic insulation m this respect; 
and improved flexibility over diermoplastic insulation at 
low temperatures. A very laigc number of grades of 
this material have been developed, and the industry 
has established several grades for general purpose wiring 
- (a) Code Grade-residential and lower classes of com¬ 
mercial and industrial wiring (5000 volts maximum at 
60 deg. C). (b) Heal Resisuni Crade-a better grade 
for commercial and industrial wiring which has longer 
life (8000 volts maximum at 75 deg. C.). (c) Moistum- 
Resistant Grade-fur moist locations (5000 voltt maxi- 
mum at 60 deg G): (d) Performance Code-designed 
for long life and has excellent electrical values and 
physical properties (800 volu maximum at 75 deg. C. 
and 28,000 volts maximum at 70 deg. C.); (e) Lawx- 
Insulated Grade-a thin wall of 90 per cent 
grsinleis tubbci whkh is obuined by a tUp process (No. 
14 to 6 Awg incL) and which saves conduit ^ce «nd 
has high dielectric itroi^th; and (f) Special Com- 
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pounds—include wire for special services such as sub¬ 
marines, networks, communications, railway signals, ships, 
etc. 

High-pressure oil and gas types of cables have not 
been used in industrial work except in very speaal 

cases These types are under active development for 
high voltages up to 230 kv at oil and gas pressures up to 
200 lbs per sq. in 

liusways 

With the war scarcity of copper, steel, and insulaung 

materials, busways of various types were developed for 
general plant distribution systems A busway system is 

an installation of metal-enclosed bus bars running over 
head, supported bv hangers attaihed to columns or to 
the ceiling The metal busway enclosure is usually steel 

and in some cases is perforated to give belter ventilation 
I he busway is manufactured usually in 10-foot sec¬ 

tions, and a large number of types of elbows, tees, cross 
overs, cable tap boxes, expansion joints, etc, have been 

developed for making a complete installation Develop¬ 

ment has been most active on five general types 

1 Plug-in and feeder busway (250-1500 amperes) 

2 Conventional feeder busway (2000-3000 impcres) 

3 Weathei proof conventional busway (2000-3000 

amperes) 

i Interlaced low-impcdance feeder busway (1000- 
4000 impei^es) 

5 Weatherpcxif interlaced feeder busway (1000-4000 
amperes) 

Plug-in busways were developed fur industrial plant 

applications where equipment saturation required flexi¬ 
bility so that re-arrangement could be quickly accom¬ 

plished Receptacles or openings are provided at about 

c/ne-fewt intervals along each side of the busway to 
accommcxlate plugin breakers, switches, etc This type 

of busway is built in standard ratings from 250 to 1500 
amperes and 600 volts tor two wire, three wire, or 

three-phase four-wire service 
Feeder busway up to 1500 amperes is of the same con¬ 

struction as plug-in busway. Above 1500 amperes, feeder 
busway has been developed in convenuonal and low- 

impedance interlaced types These designs do not have 
plug-in features Both types have been developed with 

weatherproof construction for outdexir service For long 

feeder runs, low-impedance interlaced busways give im¬ 
proved volUge regulation over standard arrangemenu. 

Trolley types of busways were developed for supply- 
irm; moving loads. The bottom of the steel housing 

serves as a track on which the wheels of the trolley roll. 
The tndley itself is sufficiently heavy to support the 
weight of most portable tools involved Electric con¬ 

nection between the trolley and the busway is made by 
meant of rollers or brushes which make contact with 

the busbars which are rigidly supported in the butway. 
Busways are always structurally designed to meet the 

specific requiremenu of thort-dreuit stresses of the elec¬ 

trical distribution systems in which they are to be used. 
Mott commercial buswkys will withstand short-circuit 

cunentt of 25,000 amperes and some over 50,000 am¬ 

peres It IB seldom necessary to design for short-circuit 
curretib in excess of 50,000 amperes as the impedance 
of the busway circuit to the short is usually high enough 

to limit the lurrem to this value Busways are normally 
supplied with low-voltage switchgear or power centers 

located within the plant They may however be used 
wholly outdoors with outdoor power tenters and unit 

substations 

Control Centers 
With the heavy lonceiitration of power and machines 

in manufacturing plants, motor controls were installed 

by the thousands Many of these controls for such items 
as pumps, tompressors, fans, etc , did not require at¬ 

tendance, and the problem of starting-up such equip¬ 
ment from (omrols on each machine was a time- 

consuming job lo meet the need of centralized control, 
the control center was developed so that the placement 

oi a starter for a single machine, a group of machines, 
or an cnuie plant could lie completely centralized 

1 he power center makes control of motor drives safer 
and more efficient Steps are saved and all unnecessary 

motions eliminated The cost compares favorably with 

that of open framework structures and is well below 
the cost of made-to-order control centers Wiring troughs 

simplify wiring and eliminate the need of costly in¬ 

dividual conduit runs Individual, self-supporting struc¬ 
tures eliminate special foundations or supporting struc- 

tuR-s Centralizing the control saves valuable plant 
space and helps keep aisles clear for traffic. 

The use of internal buses and wiring troughs gives 
maximum safety Each individual unit is completely 

baffled from other units in structure, and each starter is 
individually removable from the front of the structure 

Line-surters are mtercliangeable by making starter 
unit dimensions multiples of die smallest size Combina¬ 

tion starter and circuit breaker units arc provided with 
handle interlocks which prevent access to the starter 

compartment unless the breaker is opened. 
Control centers may be arranged in various ways for 

mounting—two groups, back-to-back, "L” shape, front 

mounting or back-to-back, "U" shape, front mounting 
or back-to-back, and control aisles, front mounting or 

back-to-back Present designs include NEMA startei 
ratings up to and including size 4 at 220, 440, and 550 

volts 3 phase This covers the squirrel-cage induction 
motor range from 1 to 100 hp and meets general indus¬ 

trial needs For large machines metalclad switchgear is 
normally applied. 

Industrial Plant Power Generation and Conversion 

Equipment (139-194) 

Very little new plant generating equipment was in- 

sulled in the war period. Existing sources of power 
had to be utilized to the fullest extent before author¬ 

ization for additional capaaty could be secured How¬ 
ever, those machines that were installed incorporated 

the latest developments in both generators and turbines 

Recent and current developments fall under one or 
more of the following categories—improvement of unit 
reliability, adaptation of turbines to improved thermal 

cjx^es, improvement of turbine effiaency itself, and 

greater concentrauon of power in a single unit. Most 
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6a-cycle aJternating-rurrent turbine generators for in¬ 
dustrial service are single-cylinder units.direct connected 
to StiOO rpiii generators Diret t-tonnccted exciters are 
standard 1 vieiity-five cycle generators and direct-current 
generators froiii 500 to 7500 kv are usually coupled to a 
high sf>eed turbine by a double helical reduction gear 

Turbines are built in various types including the 
straight condensing, non-condensing, automatic single 
extraction, automatic double extraction, mixc-d pressure, 
and low pressure as rccjuired by die application Wheu* 
the primary purpose is generation of electrical energy 
the straight condciisiiig turbine is a highly economical 
unit foi applications rccpiiring generation of electrical 
japwer and steam for heating or process, the automaiu 
extraction is the simplest and most flexible unit Non- 
condensing turbines are dcsir.ibic as reducing valves 
between boiler pressures and proteis steam piessiircs 
and are applied where process steam demands are ccjual 
to, or more than enough to, generate the eiccirical load 
For industries tending to have surplus steam in stimtiiei 
and a deficiency of low-pressure steam in winter, the 
mixed-pressure turibne has found wide application 

Turbine developments include new and improved 
casing niateriaU, new and more-efficient blading, im¬ 
proved governing systems, improved lubncation sys¬ 

tems, new automatic extraction controls, new and im¬ 
proved steam piping, and many others Condensers have 
been increased in efficiency, and new tube materials 
have reduced tube failures under severe operating con¬ 
ditions 

Generator developments include flexibly mounted 
stators, hydrogren cooling at increased pressuies, longi 
tudinal air or hydrogen coolers, new rotor and stator 
ccxiling methods, improved insulating materials, corona 
treatment on windings, improved retainer ring con¬ 
struction, low loss silicon steel punchings, high strength 
alloy steel foigings, and closed multiple-circuit recirculat¬ 
ing ventilating systems 

A 5000 kw standard power plant, developed during 
the war to provide electrical power m devastated areas 
abroad, has recently been announced The plant con¬ 
tains a boiler, turbine generator, steam condenser, pumps, 
piping, electrical equipment, wiring, and other essen¬ 
tials 'J'his completely developed package unit relieves 
the operating company from co-ordinating the com¬ 
plicated unmatched apparatus so often found in gen¬ 
erating stations in which equipment has been pur¬ 
chased from numerous suppliers. The turbine is sup¬ 
plied from a 75,0()0 Ibs/hoiir boiler at a pressure of 
460 lbs. per sq. in at 750 deg F. The generator is S600 
rpm, direct connected, and is capable of developing its 
maximum rating of 6250 kw continuously with a maxi¬ 
mum condenser cooling water temperature of 89 4 deg. 
F The electrical system of the plant is laid out along 
conventional lines with generators at 1S.8 kv or below 
as desired. Reliability is assured by the use of heavy- 
duty switchgear specifically designed for power |dant 
use Safety features are integrated into the plant 
throughout, and accessibility for maintenance is specifi¬ 
cally provided. 

For the larger machines, say 10,000 kw and up, tem¬ 
perature and pressures are reaching practical limits 

with present tiMtenals 'I he niaximuiii pressure to date 
has been 2300 lbs and the iiiaMmiiin temperature 1059 
cleg F Below 10,000 kw. indusirial turbines range in 
pressuie tioni 26 il>s to I'>1)0 lbs with temperatures of 
950 deg F and lower 

Many plants require direct current for pari or all of 
their ojserations '1 urbine-clriven direci-curreni genera¬ 
tors arc usual where steam is available, and synchronous 
motor generator sets or ignition rectifiers are used where 
|X)wer must be obtained from alternating-current sources 
Ignitron rectifiers of tlie sealed and pumped type have 
practically sii(>ersecled motor-generator sets for many 
applications 

Foi small blocks ol power, where high overload con¬ 
ditions do not exist, the sealed igiiitroii rertiher has 
been wiilety applied in itidtistnal work Unit siibsiation 
constiuciioii has been pielerred by most users as such 
constitiiiion provides aheriiating-ciirreiit switchgear, an 
Ignition rcctiher jjower translormer, an ignitron recti 
fier. and a set ol diicct-curreni swiuhgcar in a packaged 
unit AhcTiiatiiig-curreni switchgear is ol metal-enclosed 
constiuciion with leinnvahle type breakers For alternat¬ 
ing-current voltages up to 5000 volts, air breakers arc 
standard, and above 5000 volts oil breakers are standard 
The main rectiber powei supply transformer may be 
oil filled, self ccKiled, nun-iiiflammable. liquid filled, 
self cooled, or air cooled, dry type as required by the 
application Dry-type transformers cannot be supplied 
almve 750 kw 15,000 volts alternating current lor gen 
eral applications or above 5000 volts alternating current 
for coal mines Transformers arc equipped with all 
standard accessories assoiialcd with that particular type 
ol transformer 

The Ignitron rectifier is completely enclosed in a metal 
cubicle The assembly consists of the proper number of 
ignitrons with their attendant accessories All apparatus 
in the cubicle is completely wired at the factory Ignitron 
tecuher tubes are arranged for water cooling from 
plant sources nr by recirculation and cooling by water 
to air heat exchangers where plant water supply is not 
available Direct-current switchgear consists of single- 
or double-pole circuit breakers, depending on the 
grounding of one of the polarities. Breakers arc usually 

of the metal-enclosed drawout design Above 500 kw at 
600 volts, the direct-current breakers arc of the heavy 
duty, semi-high-speed type in open construction, fixed 
mounting Standard ratings have been developed and 
include 125 volts direct current, 40 to 250 kw, 250 volts 
direct current, 75 to 500 kw; 275 volts direct current 
(mining service), 75 kw to 500 kw; and 600 volts direct 
current, 100 kw to 1000 kw. 

Where laige blocks of direct-current power are re¬ 
quired or where overload conditions may be very severe, 
pumped ignitron rectifiers have been extensively applied. 
About 90 per cent of the aluminum industry utilizes 
pumped ignitron rectifiers in their electrolyte processes, 
and odier industries such as magnesium, electropbting. 
steel mills, etc., have found ignitron rectifiers efficient 
and economical power conversion units. 

Sustained power is a vital factor in all phases ot 

eiectrochemicai processing. Standard heavy-duty switch¬ 
gear helps in this important joh by reducing tmirne' 
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nance and inspection time For elettrorhemiral appli¬ 
cations, two pumped ignitron assemblies, each rated 5000 
amperes, are supplied from each rectifier transformer 

High-speed 6 pole anode circuit breakers give fast, 

selective clearing for faults on any phase while remain¬ 
ing phases remain in operation .Standaid nietaldad 

switchgear tontrols the primary circuits and pnnides 
hve important advantages (a) impiovc'd seivice con 

tinuity, (b) full accessibility, (c) complete operating 
safety, (d) advanced, standardized manufacturing de¬ 

sign, and (e) ciiiick breaker inspection Complete ton 
tiol of the entile ignitron installation is centered in i 

duplex switchboard which haiulles the duplicate lunt- 

tioiis involved in starting each rectifier unit Control 
switches and indicating instruinents ait front panel 

mounted, protective relays and recording meters being 

placed in the leai A iiietal-enclosecl auxiliary control 

cubicle contains the vacuum and cooling system coniiol 
and excitation tiicuit ec|Uipineiu 'ihe installation is 

completed with heavy duty, single pole, semi high-speed 
cathode air circuit breakcis 

koi general industrial afiphcations, the same geneial 
type of pumped ignitron ccpiipmeni is used with the 

latings dependent upon the icctifier si/c Foi railway 

service, automatic toiuiol has louiid wide acceptance 

1 he si.irting lunctioiis |)erfoniKd automatically aic 

closing the alternating-curreiu breakci to encrgi/c the 
tiansfoimers checking v.iciuini and ccKiling systems, 
energizing excitation ccjuipinent, and closing dircct- 

curieiit bieakcis to deliver power to trolley feeders 

Hie rapid, continuous protection system operates in two 
gioups- the fust shuts down the rectifier until it is re 

started by the operator, the other shuts clown the equip¬ 

ment dining an emergency only The types of faults 

consicleicd sutficieiuly serious to require personal atten¬ 
tion of the operatoi include repeated alternating-current 

overt urrents (ecjuipnieiit locks out after three auto¬ 

matic reclosures), alternating-current grounds, recur¬ 
ring arc backs, and over-temperature in tubes or mercury 

vapor vacuum pump Ocher temporary emergencies 

which permit automatic resumption of service include 

direct-current over-current, loss of alternating-current 
line voltage, excessive pressure in ignitron tubes, and 

over-temperature of the rectifier transformer When a 
feeder breaker has been tripped, relays on tlie feeder 
circuits will automatically reclose the breaker after tlie 
fault IS cleared 

For mining service, a low height, portable unit has 
been developed wherein botli pumped and sealed igni- 

tron tubes units have been applied successfully Func¬ 

tioning IS made fully automatic to improve reliabihtv 
and decrease maintenance and operating costs. 

Ignitron rectifiers are normally equipped with volt¬ 
age regulators so that they may be paralleled witli 

existing direct-current generators, provided the genera¬ 

tors have a suitable regulation curve. The efficiency of 

ignitron rectifiers is normally higher than motor-gener¬ 
ator sets over the whole load range For 2S0-volt direct- 

current operation, the ignitron unit efficiency is higher 

than that of a motor-generator set throughout the nor¬ 

mal load range. It is higher than a synchronous converter 

up to 50 per cent load and lower beyond 50 per cent 

load For 600-volt operation, the ignitron unit efficiency 
IS higher than that of a motor-generator set throughout 

the normal load range It is higher than the efficiency of 

a synchronous converter up to 1(H) per cent load and 

lower Iieyond 100 per cent load iti the larger ratings 
kor operation at above 600 volts, the efficiency is higher 
than that of other types of rotating conversion units 
throughout the normal load range Ifhciency does not 

alwavs govern the application, and economic studies 
should lie made when hotli types of conversion are 

considered 

Rectifiers foi siipjilying duett current for merchant 

null roll drives have been used in a recent application 
Phase* control ot the rectifier is used to start the mill 

niotoi as a variable voltage unit with the mill empty 

With the mill in normal operation, the motor load is 

carried by the retiifiei operating at suhstantiallv full 

volt,igt Necessary art ifctifiers aie not designed for 
regenerative braking but it is not icqiiiretl on this type 

of mill 

lot small blocks of powci for charging batteries 

eleriroplaiing. chemical processing, etc, copper oxide 
icctificrs have been applied extensively Such rectifiers 

may be air or liquid ccMiled and are rugged and reliable 
Selenium lectificrs arc under active development and, 

because ot tlicir smaller physical si/e, may find extensive 
application in small, compact rectifier units 

Meihanunl Dtwe Turbini'i 

rurbmes driving plant equipment directly have been 

widely applied to such equipment as fans, pumps, 

pulverizers, paper in.ichines, line shafts, etc These tur¬ 

bines aie usually single-stage with single governor valves 

ot multi-stage with either single or multiple governor 

valves and are coupled through a reduction gear unit 
Gear units are either the self-contained coupled type 

oi the closc-ioupled integral type in which the gear 
housing IS supported from the turbine casing Gear 

ratios range from 2 1 to 14 1 Conservative tooth pres¬ 
sures, adequate lubrication, and extremely accurate 
bobbing insure quiet gear opieraiion with long life 

Oil relay turbine governors provide output shaft speed 
ranges of 25 to 1 with constant speed at any load or any 

speed setting within this range 

Geaimofors, Speed Reducers and /ricrpaseiv (195- 

197) 

Approximately 80 per cent of all driven machines 

must operate at speeds other than that provided by the 
prime mover For low powers, 1 to 75 hp, gearmotors 

provide the simplest speed reduction devices available 

The most common types are single reduction, from 
1 22 I to 625 1, double reduction from 76 1 to 25 7*1, 
and double reduction, from 31 2 1 to 58 3 1 Gearing 

pans arc designed and applied in accordance with the 
Standards of the American Gear Manufacturers Asso¬ 

ciation. Standard gearmotors are available with all regu 
lar auxiliaries common to standard motors, such as 

enclosures and special grades of insulation which may 

be required for specific applications They are readily 

equipped with motor-mounted-magnet brakes. Specially 
designed slide bases have been developed for adjustment 



of bell or chain tension where the drives are installed 
with sucii (lower take-off Motors may be of the ojien, 
totally enclosed, splash-proof, or explosion-resisting 
types and may operate on either alternating current or 
direct current 

High-speed motors which have an inherent high 
efficiency and high (mwer factor arc direct connected to 

the gears Friction losses are minimized through the 

use of anti-fraction bearings, single helical gears, and 
a (sositive lubrication system. Quiet ofieration in the 
latest units has been obtained through a final gear- 

shaving process which produces long wearing, accuiately 
formed mating surfaces. 

$|)eed reducers may be used with any ty(>e of prime 
mover (such as electric motors; steam turbines, gas, oil, 
or Diesel engines) to economically transmit the required 

power at the exact speed requirements of the driven 
machine. Both single- and double-reduction ty{>es have 
been develofscd Single-ieduction reducen have stand¬ 

ard ratios from 2 62.1 to 9.5:1 and capacities to trans¬ 
mit from 1 to 1380 hp, with thermal ratings from 34 to 
600 hp. Double-reduction reducers have standard ratios 
of 11 8:1 to 705:1 and cai>acitiet to transmit from 1 to 
520 hp, with thermal raungs from 9 to 360 hp. 

Helical gears, cut by the hobbing process after heat 

treating, insure smooth transmission of power and quiet 

o{>eration Anti-friction bearings provide for |>ermanent 
dhg^iment and minimum fnction loss The efficiency of 
single-reducuon reducers has gradually been raised to 

about 98 [>er cent, while double-reduction eifiaencies 
have been raised to between 96 to 98 (ler cent 

Speed increasers have been specifically designed to 

supply s{>eed in excess of that which can be directly 
obtained with economy and safety from ordinary prime 
movers S(>eed increasers are applied for driving pumps, 
centnfugal compressors, and alternating-current and 
direct-current machines from tlow-s])eed prime movers. 

In h^h s(>eed service, the pinion shaft of the s|H:ed in- 
aeaser units often turns at 6000 rpm or higher, with 
the pitch line velocity of the gean reaching as much as 
12,000 feet per minute. When equipment is operated 

at these velocities, the problems of vibradon, imjnct 
strass, sound level and projier lubrication become acute. 
To obtain high efficiency at the lowest (wssible sound 
level, specific features luve undergone continuous ttudy 

and refinement. Accurately hobbed and dynamically bal¬ 

anced gean; posidve torced feed lubrication; i]>edal 
alloys; ovenize machined bearings; oventw shafts to 
prevent distortkm; and extra heavy gear cases for smoodi 
quiet operadon have been developed. As a resdlt the 

cffidency of speed incieasen has been increased to be¬ 
tween 96 and 98 per cent. 
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Motors (198-232) 

The tremendous industrial expansion required in¬ 

tegral horsepower motors of all types, such as alter¬ 
nating-current single phase, polyphase squirrel cage, 
polyphase, wound rotor, synchronous, and direct-current 
motors Standard motot types provided a wide range of 

sficcds, horsepowers, and enclosures to meet practically 
any service requirement With emphasis placed on sav¬ 
ing ciitical materials during the war, machines of most 
types were applied to take advantage ot the inherent 

overload capacity normally incorporated in the ma¬ 
chine Operating experience, improved designs, new 
materials and techniques have resulted in the reduction 
of the physical si/e of many machines while maintain¬ 

ing all normal operating characteristics such as teni- 
{leiaturc rise and speed-tonjue relations 

Developments on single-phase motors have been 
chiefly conhnecl lo the split-phase, capacitor start, in¬ 
due lion run ty|>es Ihe repulsion, start-induction run 

type motor has been widely used in the past, but it is 
moic expensive to manulacture than the split-phase 
type as it recjuires a wound nitor and segmental com¬ 
mutator while the split-phase type utilizes the simpler 
clie-cast roioi construction News designs of split-phase 
motors are now being made with torques equivalent to 

the icpulsioii iiuluciion type I he split-phase type re¬ 
quires discountclion ol the starting winding aftet the 
lotor reaches a prc-deicTiinned speed, and much develop¬ 

ment work has been done on disconnecting devices 
.Stationary ssvitclies, actuated by shaft-mounted centiif- 

ugal devices and by current relays operated by a 
leduction in stator current with speed, ate most popular 
kor the same starting torque, the starting current inrush 
of tile split-phase machine is higher than that of the 
repulsion machine, but design improvements are rapidly 
osercoming this disadvantage Ihe repulsion machine 

requires considerable maintenance of commutator and 
brushes, while the centrifugal switch or relay of the split- 
phase motor are lelativcly free of maintenance Split- 
phase motors must be caiefully applied on drives where 

the driven equipment may have high starting but low 
running Iriction due to design or temperature factors. 
Applications where dirt may foul the centrifugal switclies 
on the split-phase type must also be guarded against 

This same caution applies to commutators and brushes 
on repulsion induction motors 

Polyphase s(|uirrel-Lage motors have undergone many 
face liftings in the past ia years, but few fundamental 
changes have been made Improvements in electrical 

design have resulted in higher efficiency and higher 
power factor operation, with lower starting kva inrush 

demand, while lucchaniial rerinciuent'i have added re- 
hability and mechanical luggedncss Dic-cast rotors for 
induction motors are now st.indard with most manu¬ 

facturers InqHTlectioiis have been reduced to negligible 
amounts tiirough the devclopinent of improved casting 
mediods and new die casting alloys Hearings are usually 

ol the sle6\e or ball type. Automotive practice has been 

reflected in tlie development ot the thin-wall steel- 
backed babbitt sleeve bearing used by several manu- 
hicturers in the smaller integral horsepower motors 

Sealed, pre-lubncated ball bearings have been used on 
textile motors for many years and have been very satis¬ 

factory. I'he application of dtU type of ball bearing 
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IS being extended to many new lines and bids fair to 
appreciably reduce bearing maintenance. A new all- 
steel induction motor features fabncated all-steel frame 
and brackets, pre-lubricated ball bearings, improved 
stator windings using synthetic enamel-covered wire and 

continuous wound coils to eliminate joints, die-cast rotor 
shrunk on the shall, and 180-degree rotatable conduit 
box set in the recess between frame and foot The 

motor IS fully one-third smaller and lighter than its 

predecessors with improved starting and pullout torque 
and with no sacrifice in overload capacity Its appcar- 
^anre has been bettered, its ability to withstand severe 
handling has been improved, and the need for mainte¬ 

nance has been markedly reduced 
Wound rotor motors and synchronous motors have 

been bettered by the use of new types of insulation, by 
the redesign of electric and magnetic circuits, and by 

the use of fabrication methods in construction of me¬ 
chanical details 

Present features of direct<urrent motors include im¬ 
proved insulation, better cummutaiors, improved brush- 

holders and brackets, improved field coil construction, 

re-worked magnetic designs to give better commutation, 
and improved ventilation methods permitting smaller 

machines Speed sanation in a direct current machine 
IS normally accomplished by varying the field strcngtli, 

with a practical speed variation of 4 to 1 possible Por 
wider ranges vime additional feature, such as variable 
voltage with attendant changes in horsepower output, 
IS required New four-jiole direct-current motors that 

are essentially standard arc providing twice Uie speed 
range—or about 8 to I—with no change in rated output 
at any speed Essentially, this is accomplished by sep¬ 
arate control of two of the four field toils Two adja¬ 

cent poles are energired in the usual manner to supply 
a nearly constant magnetic flux The remaining two 
poles, by a special resistor, are varied in flux strength 
from maximum down to zero and finally rcvcrsecl Thus, 
the combined flux can be changed from a value repre¬ 

senting the sum of all the fields to the much smaller 
total of their differences Since the armature voltage 
dcxis not change throughout this entire range, output 
remains essentially constant as the speed vanes 

For internal grinding, ultra high speed induction 

motors up to IllO.OfH) rpni have lieen developed The 
rotors of these machines must be very accurately bal¬ 
anced to eliminate vibration Ihe gnnding head is 

usually mounted directly on the motor shaft with the 

rcitoi and stator integrated as a part of the machine 

tcxil. Such motors are usually operated at frequencies 
of 12U to 850 cycles to simplify the winding 

With the many unusual applications of motors to war 

equipment, the study of insulations and insulaung 
methods has been very active. Glass insulations were 

found to be unusually versatile, and a large number of 
types were developed including continuous filament 

for wire covcmig, sleeving, tape, cloth, matting, rope, 
twine and cord Glass products are usually impregnated 
with one of the common varnishes to develop maximum 
electrical and mechanical characteristics. The use of glass 

on high-iemperature equipment was exteoHve. Mi>w- 
ever as glass, alone or impregnated, is not a suitable high- 

volti^e insulation, its primary use was on low-voltage 
equipment as conductor and ground insulation. When 
fabncated with other insulation, suth as inita and as¬ 
bestos, difhiult applications were made possilile, par¬ 

ticularly tliose involving high humidity and high tem¬ 

perature 

Ihc electrical industry has been searching for years 
for a suble high-tcmperaturc varnish tor bonding inor 

game materials such as mica, glass, and asbestos Silicone 

materials are now under active development for this 
purjiosc and are finding ready appluations where tem¬ 
perature and moisture londitions are important appli- 

tation factois As siliione materials are treated at 165° 
to 250°(^, organic materials such as paper, varnish, rot 
ton. eu . cannot be used in the construction of the in¬ 
sulation. even in small amounts, as such temperatures 

carboni/e the organic materials and impair the insulating 

qualities of the composite insulation .Silicones are still 
very costly in relation to organic materials but where 

advantage can be taken of increased operating tempera¬ 
ture in the design, a much smaller machine lor the 

same horsepower results When compounded wtih glass, 

mica, and asbestos, silicones provide iiiiusiial resistance 
to high temperature and mutsturc Motors have been 
running on severe thermal-aging test cycles of load and 

temperature for thousands of hours at 300 deg C, with¬ 

out failure Powerhouse auxiliary-drive motors that must 

operate in high ambient temperatures have benefited 
from silicone An operating coil of a magnetic contactor 

designed for 100 jier cent duty with silicone insulation 

was fitted into the same spate occupied previously by a 

coil built for 70 per cent duty Silicone insulation, while 
not a cure-all for insulation problems, definitely ushers 
in a new era in insulation performance 

Rotming Regulaton (2.33-260) 

Electrical control has always been characteiizcd by the 
ease with which small quantities, such as slight changes 

in current or in voltage, tan be made to control the 

action of large devices such as motors, generators, etc 
For example, to regulate the output of a simple direct 
current generator, it is merely necessary to vary the 

excitation only about one per cent of the total gen¬ 

erated power To change the speed of a direct-current 

motor, a change of a relatively small field current suf¬ 
fices By far the largest portion of regulated equipment 
centers around the sjjeed control of one or more ro¬ 

tating machines in the system regulated, and many 

regulation problems are solved by devising means of 

changing the speed of one or more of the machines at 
will Ihe ordinary direct-current motor has a speed range 

by field control of as high as 6 to 1 By combining several 

machines, as in the variable voluge system, it is possible 

to go up u> 20 to 1. Rotating regulators extend the 
range to as high as 120 to 1 when applied to variable 

voltage drives. 

In the successful operation of any regulating means, 

it is necessary that the apparatus be capable of com¬ 

paring the actual value of the quantity being oontroiled 
with the sundard or calibration value desired. If there 

is any different^ between actual and denred quantities* 

the regulating device must supply power of the correct 
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magnitude and direction to eliminate the difference In 
other words, the regulating means must measure a cer¬ 
tain quantity, compare it with a standard, and if the two 
are not equal initiate means for equalizing them 

Rotating regulators are ideal for many applications 
and are used for (a) regulating the voluge and cur 
rent of electrical machines to maintain a selected or 
changing value, with forcing action and quick response. 
(b) controlling the speed of direct-current motors ac¬ 
curately over a wide range, matching the speed of one 
drive with another or holding the speed cunsUiii re 
gardless of load variations, (c) maintaining constant 
tension or constant torque on a wide variety oi roll, 
reel, draw, hoist, and similar applications with improved 
performance and greater selective range, (d) limiting 
loads on electrical and mechanical equipment to pre- 
detennme values for protection against excessive peaks 
or unsafe stresses, (c) increasing acceleration and de¬ 
celeration rates of high inertia loads and giving more 
uniform pcrlormance without current peaks, (1) ac¬ 
curately positioning mechanical equipment, dcsices, or 
materials such as machine tools, tracer mechanisms, and 
alignment stands, and (g) regulating the power factor 
oi synchronous machines and the power input to fur¬ 
naces. welding heads, and similar equipment to create 
better system load factor and eHicieney 

These regulators have been used in over 5(M) differ¬ 
ent applications, of which some of the most important 
arc dynamometers with aulotiiatu speed regulation and 
automatic load division between motor and brake, arc 
furnaces with autoiiiatu control of power input by ac¬ 
curate elertrcxle positioning, high frequency generators 
of 960 to 9600 cycles with automatic voltage regulation, 
wire insulating machines with constant tension on reels, 
blast furnace skip hoists with accurate low s|>eed for 
dumping, cold brass mills with constant tension on wind¬ 
ing and unwinding reels, told strip mills with speed 
and tension control, electrolytic tinning lines with plat¬ 
ing current proportional to line speed, paper calendars 
with wide speed range and regulated low speed for 
threading, paper machines with accurately maintained 
section drive speeds, paper macliinc teel drives with 
tension control on reels, paper machine auxiliary wet 
end drive with constant torque over wide operating 
speed range, textile slashers with constant yarn tension 
maintained on the beam; adjustable voltage planers 
with so to 1 speed range with good regulation, feed 
drives on boring, milling, and drilling machines with 120 
to 1 speed range to eliminate gearing; centrifugal cast¬ 
ing machines with speed regulation and controlled ac¬ 
celeration and deceleration, mill hoists with provision 
for accurate landing speeds and controlled acceleration 
and deceleration to maintain current limit; shovels and 
draglines with controls on the hoist, crowd, and swing 

motions to provide fast operating cycles and eliminate 
peak loads, and many others. 

Moloi Control (26I-S68) 

I'he advantages of distributing electrical eneigy in 
industrial plants in the form of alternating current 
are well known. However, many applications require 
speed change and speed control that cannot be obtained 
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through the use ol aliernaiing-curreni motors Single- 
phase and polyphase squirrel cage induction motors 
are essentially consiaiit speed machines, and speed can 
only be changed by changing the supply frequency oi 
the pole grouping A number of frequency changing 
systems have been developed, but they are complicated 
and expensive Single purpose, multi-speed nioiors on 
which the base speed is set by pole grouping have also 
been used for specific applications I'olyphase, wound 
rotor induction motors have been used extensively lor 
variable speed service where the speed ranges arc low, 
in the order ol 5 to 1 However, they are better suited 
to the upper pan of the speed range as the efhtienty is 
low m tlie low pan of the speed range Up to about 80 
jjer cent of the speed range, wound rotor cihcicnry is 
less than a variable voltage system, which makes ii less 
attractive for general industrial applications 

However, the wound rotor motor has been extensively 
used in altcrnaiiiig-current crane control systems with 
outsunding success Ihese systems tall into definite 
classifications, depending on the application. Reactor 
type control, direct-current dynamic control, alternating- 
current dynamic contiul, counter torque control, revers¬ 
ing plugging control, and floor operated systems meet 
the exacting requirements of all crane jobs Simple 
hoist, bridge, and trolley operations as well as most 
rigid hoisting requirements tan be met with the various 
controls Loads tan be spotted accurately, inching opera¬ 
tions icquiring only one quartci turn of the motor shaft 
are possible, and high-speed or siow-speed operation is 
possible with light, heavy, or varying loads 

Mechanical converters and both electric and hydraulic 
variable speed couplings have been developed for use 
with constant speed motors, but their efficiency is usually 
lower than the wound rotor motor 

Where high overall efficiency is desired, the variable 
voltage system (Ward Leonard) is the accepted method 
of obtaining speed ranges in excess of 6 to I, with 20 to 
1 being about the iiiaximuin range I'his range is ob¬ 
tained by a combination of generator voltage and motor 
held control 1 he amount ol field control is limited by 

Automatic •Uclrenic control oyotom makoa 
poMiblo mcroaood pieductivily oi maehino 

toob. 
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motor stability, and the amount of voltage control is 

limited by speed regulation and maximum torque The 
addiuon of regulating devices and other refinements to 
improve the characteristics of this scheme make it pos 
sible to extend the range above 20 to 1 

The electrical drive for a wide speed range is ob¬ 
tained by the addition of a rotating regulator to a con¬ 

ventional variable-voltage system This combination will 
give a speed range of 120 to I or more and can be used 

effectively in many industries to simplify the mechanical 
design of the maihine it drives Its use eliminates an 
elaborate gear changing mechanism, clutches, couphng, 

Ac., and at the same tune gives a more flexible control 
scheme so that the operator can control the complete 
speed range without leaving his work or stopping the 
machine 

The increase in speed range has been accomplished 
by widening the range of voltage control, the range in 

field control remaining not more than 4 to I and prefer¬ 
ably 2 to 1 This type of drive is best suited to a load 
which has constant torque characteristics The machine 

tool industry has many applications of this type, and 

It IS here that the wide speed range has been applied 
Feed drives on boring mills, milling machines, auto¬ 

matic screw machines, etc, have constant torque char¬ 
acteristics as the load consists mostly of overcoming 

the friction of moving parts 

The development of wide-speed variable-voltage drive 
required the compensation of certain charactenstica at 
the low speed that are not important at high speeds 

The two most important factors are residual voltage of 
the generator and the IR drop of the system As the 
residual it a function of the previous magnetic history 
of the generator and as the speed of the direct-current 

motor will drop as load is applied due to the IR drop 

in the system, a sensitive rotating regulator or regu¬ 
lating generator was applied to effect proper correction 

Bsvle olMMati «f otoelmie mMer omsIraL 

Hie vanable-voltage system is without peer for drives 
requiring a close control of speed over a wide range. 
For extremely wide speed ranges, from 200:1 up to 

IMXl.l, servo-mechanisms have been incorporated to 
provide accurate speed control Such systems have been 

primarily applied to machine tools where accurate posi- 
uontng of the tool and work are required For work 
of lower power, the scheme is often ruled out, however, 

because as the size decreases, the cost of the exciter and 

direct-current starting equipment becomes an increas¬ 
ingly large percentage of the total A simplified version 
of variable-voltage control offers to those applications 
requiring a few horsepower most of the basic advantages 

of the full-fledged scheme without its complications or 
cost 

The system calls for only three standard rotating 

machines a squirrel-cage motor and two series-wound 

direct-current machines The direct-current machines 
can be duplicates, one to be used as a generator and th'* 
other as a motor The self-excited direct-current gener¬ 
ator IS driven in any desired manner by the alternating- 

current motor, usually direct connected The armatures 
of the direct-current generator and motor and their 

respective senes fields arc all connected in series To 
reduce the motor speed, the generator field is simply 

weakened by shunt resistance By this means good 

speed regulation, except at light loads, is obtained over 

a speed range of 10 to 1 Typical applications include 
conveyors, kilns, machine tool feeds, stokers, feed watei 
pumps, bottle making machines, wire drawing, glass 

drawing, etc This adjustable speed drive combines the 
desirable high-torque characteristics of a senes motor 

with the Hat speed characteristic of a shunt-wound 
machine 

Electronic Motor Control (869-408) 

To fulfill the desired requirements of an alternating- 
current adjustable-speed motor of wide speed range, the 
electronic motor speed control was developed In gen¬ 

eral the system consists of a single or polyphase gnd- 
controlled thyratron tube rectifier that takes power from 
an alternating-current line and rectifies it into direct- 

current output The rectified direct-current voltage is 

applied to a regular shunt-wound direct-current motor 
and may be vaned from zero voltage to motor-rated 
voltage (or above) for direct-current armature control. 
Smaller thyratron tubes provide rectified direct-current 

field current for the motor The field voltage is held con- 
sum thjroughout the range of armature voltage and 
then » reduced to provide greater speed range by field 
weakening above the base speed of the motor. For 
small motors, single-phase full-wave rectification is used 

on both field and armatuie. 

Speeds may be pre-set within the design range. With 
two-speed control potentiometers and reversing con- 
uctors, different forward and reverse speeds may be pre¬ 

set to that pushbutton operation, for pre-set speeds in 

either direction, it obtained. Sfieed adjustment is non¬ 
stop and may be made at any time while the motor is 
running. Speed oonurol over the full range it usuafiy in¬ 

corporated on a singk dial. 

All of du! speed adjustment and speed tcgulndini func- 



tions (exclusive of field weakening), either manual or 
automatic, ai well as current limitations, are accom¬ 
plished by varying the motor armature voltage This 
varying voltage is obtained by advancing or delaying 
the finng point of the rectifier tubes on the alternating- 
current voltage wave, thus permitting only a certain 
definite portion of the alternating-current voltage wave 
to be rectified into direct-current voltage Tlie normal 
speed range by armature control is 20 to 1 below the 
base speed of the motor, though a much wider speed 
range such as 100 to 1 can be obtained Field control 
is used above basic speeds for standard motors, which 
IS normally 2 or S to I ^In a properly adjusted system, 
the speed over a 10 to 1 range will not vary more tliati 
4 per cent from a presetting or more than 8 per cent on 
a speed range of 20 to 1 

The control is arranged so that the motor is always 
at full field, regardless of the setting of the speed 
potentiometer If the speed is above base speed, witlt 
weakened field, the speed control does not become 
effective and the field is not weakened until the motor 
reaches base speed Fast, sinixith acceleration is obtained 
through a special current-limiting device built as a 
jKirt of the standard unit The current-limiting device 
also works from a small auxiliary control tube whicli, in 
turn, controls firing of die rectifier tubes Ihus, the 
voltage output of the rectifier will be such that a preset 
limit will not be exceeded Dynamic braking of the 
motor IS accomplished by inserting a braking resistor 
at the desired time 

Applications of electronic motor controls have been 
very extensive in both fractional and integral horse¬ 
power sizes and include fuel pumps, conveyors, lathe 
drives and feeds, bottling and packaging machines, 
imnen, gear tutting machines, glass drawing machinery, 
straightening machines, spinning or flanging machines, 
cold or hot saw feeds, ore concentrators, wire shakes 
and filters, cutters, slitters and winders on paper ma- 
cliines, reels, top roll drives, bag machines, folders, 
creasing, perforating, and embossing machinery; lami¬ 
nating and coating machines, coal feeders, stokers, 
printing presses, textile wrappers, winding reels, and 
many others. 

Induction and Dielectric Heating (409-492) 
The need for high production accelerated the appli 

cation of induction heating to the preheating, melting, 
annealing, and heat treating of metals. In these proc¬ 
esses, frequencies from 80 to 15,000 cycles have been 
used, and the power required has generally been ob¬ 
tained from rotating machines. The advantages of in¬ 
duction heating are many, but those most influential in 
its preferred use are. 

1. The heat input can be closely controlled. 
2 No physical contact is required between moving 

or stationary work and electrical arcuits. 
S. The heat may be localized on internal or external 

services as desired. 
4. The depth of heating may be controlled by fn- 

quency and time. 
5. For melting applications, melung occurs with 

agitated action, thoroughly mixing the meuls or 
alloys and adapting diem to high qieed inodiKtion 
woik with resultant savii^ in handling and con¬ 
veying of nmtertals. 

VoiiaUs spaed meters and reduelien gear ualla drive the 
winders and dryer seetiena en many medam papor 

machines. 

Dielectric healing ghrae a shiny corrosion resistant finish 
to a strip ei tin ^otei here temperature is cheeked. 

Welding aide panels to frame ei a big truck Irailsr is arads 
easy and iost with this resistance welding outfiL 
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Certain generator frequencies have been established 

through usage The most common are 960, SOOO, and 
9600 cycles, with 1920 and 4800 cycles being used for 
special applications. Generator raungs range from 35 kw 

to 1500 kw. 960 cycles, 50 kw to 1250 kw, 3000 cycles, 
and 20 kw to 500 kw, 9600 cycles These generators 
usually consist of an inductor type generator dnven by 
a synchronous, induction, or direct-current motor. Types 

of generaton recently developed include air cooled, 
water and air cooled, or water and hydrogen cooled 
Most sets are 3600 rpm and are designed for 400 to 800 

yolts single phase. 
' New generators recently announced include a 30,000- 

cycle motor-generator set Few apphcauons in the low 

frequency field require a frequency higher than this, and 
the new development extends the frequency coverage 

to as high a point as is now considered necessary. Tube 

oscillators have previously been used to supply power at 
frequenaes above 10,000 cycles for most applications 

Peak dwBOBd In waldiag la laaaanad by Miwgy ateraga 
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Radio Frequency Heating 

Aside from a continuation in the great volume of 
experimental work on the use of high frequencies for 

headi^, an essential step has been taken in the develop¬ 

ment ol high frequency induction and dielearic heating. 
The needs for generators of high frequencypower have 
crystallized to the point that engineen have crekted 
standard units It is no longer necessary to have a gen¬ 

erator designed to serve a given purpose Most needs 
can be served well—and withyall the advantages of 
standardized units-by the range of powers and fre¬ 
quenaes available in the accepted family of units The 

muillest size industrial unit has an output of but 2 kw, 
the largest 200 kw Between lie units of 2, 5, 10, 20, 50, 
and 100 kw Ratings of 5. 10. 20. 50, 100 and 200 kw 
are available for inducuon heating at a frequency of 

approximately 450 kc For dielectric heating, raungs 

are available from 2 to 100 kw at a frequency of approxi¬ 
mately 13.6 megacycles and in the smaller raungs, 10 
kw and below, optional frequenaes of 5 and 30 mega¬ 

cycles are also available by simple substitution of stand¬ 
ard tank arcuit assemblies 

The acceptance of high-frequency oscillators by indus 
tnal engineers has undoubtedly been delayed by false 
thinking that such units xvie too complicated for indus¬ 

trial workers to handle. Designers have done much to 
dispel this thinking by providing generators that not 

only look simple but are simple to operate Stock units 
ate sell contained up to and including 20 kw requiring 
only a connection to a power source to operate 

,\utomatic uming control permits load-cycle adjust¬ 
ments to a predetermined time, which can be auto- 
maucally repeated Where the application of the larger 
raungs indicate the desirability of automatic load con¬ 

trol, this can be provided to meet the application re¬ 

quirements 
'Fhe high-frequency heating laboratories have been 

going full tilt, exploring the possibilities of radio fre¬ 

quency heating of many products While the use of 
high frequencies does not provide the answer to every 

heaung problem, for many the advantages are striking. 
An excellent example is the application of a 2 kw 

fraquMseir Indiietba bMlar ptuhauis haiiariioaa ta 
1200 dag. F. bafaia raalsiaaBea-waliUag esdka la Aw ahaa. 

Sdaasd tfpa a( i 
copnellar Igpa u 

iartafrtttngialsa 



oscillator in the manufacture of plastics A great many 
molded articles like electrical plugs, sockets, switch 
housings, magneto covers, etc, are molded from a pre¬ 
form niade of the plastic material whuh is plated in a 
hot mold, heated, and then subjected to high tempera¬ 
ture and pressure for a curing period By using high 
frequency to preheat the prelorms, the preforms can 
be phiced directly into the tegular moltl, and because of 
their scmi-plastic stale from the high frequency heating, 
it is not necessary to use the high pressures now required 
in compression molding These lower pressures mean 
that smaller, less expensive presses can be used Ck>r- 
respondingly, the initial cost of molds is less, their 
maintenance chaiges less, and they last longer Pre¬ 
heating also reduces the time necessary to cure the 
material, which permits larger and quicker production 
from smaller capacity molds, thus effecting a saving in 
the original cost of the molding equipment Radio fre¬ 
quency dielectric heating is also finding wide appli¬ 
cation in other non-mctallic fields such as bonding and 
curing of plywood, heating and curing of synthetic 
plastics, curing of rubber, ccxiking of breakfast cereals, 
twist setting of textiles, and many others 

Radio frequency induction heating has also been ex¬ 
panding rapidly into industrial fields Metal heating 
applications are numerous and cover annealing, harden¬ 
ing, brazing, sintering, forging, and soldering Unusual 
production increases and material savings have saved 
plants many thousands of dollars Unusual applications 
indicate the versatility of this new industrial tool. 
Electroplated tin, one third its former thickness, is now 
flowed on steel sheet at rates up to 1000 feet per minute, 
by inductively beating the rapidly moving strip to the 
flow point of the un Over 8300 kw of 200-kilocycle 
generators have been installed in seven plants for this 
service alone. Hacksaw blade teeth may be hardened 
with high frequency heating supplying 8500 BTU per 
hour (equivalent to 2^ kw) for producing 36 hardened 
blades per minute. Gears of many types may now be 
surface hardened by induction heating with accurate 
control of depth of penetration resulung m uniform 
cue hardness and thickness. Brazing and stridering of 
puts is gaining in popiriarity u heat is generated only 
at the braslRg point, widening, the field of alloy and 
complicated assetnidy fabrication. New a[^dications are 

being developed as the advantages <>t unproved product 
and increased production are realized 

Resistance Welding (49S-5.'53) 

The practice of resistance welding is not new For 
many years only steel was resistance welded, and heat 
was so generously applied as to prat iically allow forging 
as well .4utomatic weld tuning, when employed, was 
measured in seconds Flic process was largely confined, 
therefore, to the toarser sheet steel structures which 
tolerated such undesirable welding afiermatlis as severe 
clecttudc marking, warping, blacking, and scaling 

Within the last several years, however, resistance 
welding has become a precision process It has been ex¬ 
tended to a wide variety ol the modern alloy meuls 
such as stainless steels, brasses, brunres, and to non- 
ferrous metals of sharp fusion point such as aluminum 
It has found application in almost every metal fabn- 
cattng industry lor both sub-assemblies and body assem¬ 
blies In tlic airttaft industry, in parucular, it has 
speeded production and cut costs by reducing the need 
for rivets 

Resistance welding is done by practically short cir¬ 
cuiting the secondary of a lugh-current transformer, 
producing up to 10,000 amperes in the process This 
being tlie case, accurate automatic timing of the dura¬ 
tion of the flow of current is necessary to prevent burn¬ 
ing oi warping the metal In general, to make a resist¬ 
ance weld we must control (1) the amount of current 
passed through tlic work, (2) the time this current is 
allowc'd to flow, and (3) the timing and degree of 
electrode pressure 

Fo perfunn these three functions singly or in any 
desired sequence, a large vanety of equipment and 
devices has been developed Over a period of years, 
resistance welding control units have been designed to 
meet specific needs as they arise Each unit was suited to 
Its job without particular reference to common physical 
forms or dimensions All these controls have now been 
co-ordinated into one family of units with the resulting 
convenience of operation, maintenance, and versatility. 
Eacdi unit consists of a few sub-assemblies of standard 
basic dimensions and several standard cabinets to house 
them. The various functional sub-assemblies are com¬ 
bined in a hinged frame and are plug connected for 
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quick replacement. Thus all control apparatus is 
mounted in one cabinet, affording easy accessibility for 
installation and convenient maintenance 

The commonly used sub-assemblies are. heat control 

and Ignition firing control, spot timer, spot pulsation 
and seam timer; fully electronic seam timer, electro¬ 
mechanical seam timer, two types of sequence timers, 
non-synchronous heat controls and voltage and current 

regulators All control apparatus needed is mounted in 
one standardized cabinet that can be mounted on the 
floor or on the welder The overall result is a unified 
design peimitung many improvements in operation. 

In single-phase resistance welding applicauons, high 
peak kva is drawn from the line with resultant possible 
high voltage drop, which may produce light flicker and 
other reduced voltage problems. To help reduce this 
peak kva demand and to provide desirable equipment 

features nut found in single-phase alternating-current 

welden, a new method known as the energy storage 
system has been developed, lu basic principle is to 
draw energy slowly from a three-phase line and store 

It until the weld is made Two types of stored eneigy 

welden have been developed—the magnetic type which 
stores eneigy in the iron core of the welder transformer, 
and the capacitor type which stores eneigy in a bank of 

capacitors These controls include the required ignition 

rectifien, ignitron contacton, capaaton, and heat and 

cycle controls for application directly to the welding 
transformer. The rate of eneigy release in these welders 
IS very high, as the weld current is produced by break¬ 

ing current in a highly inductive circuit or by dischaig- 
ing capacitors. This characteristic has been put to use 

in welding alloys, particularly those which have high 
heat conductivity or those which have low melting 

points. 

Arc Welding (534-559) 

The use of arc welding, both alternating current and 
direct current, expanded tremendously during the war. 

At the height of the shipbuilding program in 1944, it 
was estimated that welders were depositing 100,000 
pounds of welding electrode metal a day By far the 
greatest demand was for single operating welding ma¬ 

chines in rating from 200 to 400 amperes, either engine 

or motor driven, and this apparatus was developed to 
a high state of perfection. To meet Navy requiremenu, 
unusually small higb-capacity machines were developed 

One 200-ampere light-weight welder weighs just S3S 
pounds as against 500 pounds for a 150-ampere stand¬ 
ard welder. 

For use in shipyards and factories where large blocks 

of welding power were required, laige high-capadty 

1500-ampere muluple operator direct-current uniu were 
developed. Each weldii^ drcuu required an air-cooled 
adjustable resistor for control of welding current. These, 
were bulky and presented space problems in restricted 

areas. A new multi-welder panel with liquid-cooled re- 
sisunces providing ten operator outlets was developed to 
provide portability and flexibility. The cooling medium, 
a non-inflaininable liquid, arculates by convection 

through two radiators, each controlled by a moun^ 

driven fan. All of the outleu can be used at one time, 

and each operator can change his current values at 

will 

Automatic welihng, using the Unionmelt process to 

weld thick sections, also came into extensive use Weld¬ 

ing rates reached 125 pounds per hour by deposition at 
against about 6 pounds per hour by manual welding. 

Early in the war alternating-current welders were 
developed for use m industrial work. These equipments 

were accepted slowly at first, but as electrode and weld¬ 
ing techniques were developed, they became extremelv 
popular For special applications, high frequency arc 
subilization increased the speed of welding and pro¬ 

duced improved welds. 

To meet tlie need for welding a large variety of 
metals, welding electrodes of many types were developed. 
Coated electrodes, to provide a protective atmosphere 
at the work, were developed to a high state of perfec¬ 

tion Alloy electrodes of innumerable compositions were 
introduced to make welding of speaal alloys possible 

Many special welding auxiliaries were developed to 
make the welder’s job easier Magnetic work holders, 

high intensity lamps to enable the welder to see the 

point where the arc was to be struck through his heavily 
hnted helmet window, electrode holders with built-in 
control buttons for starting and stopping the welchng 

machine or setting the current, portable uck welden, 
lightei welding cable, improved safety helmet gear, and 

safe, non-inflammable welder’s clothing all found wide 
acceptance and made the welder’s job safer and easier. 

Brazing 

Brazing is an old, but still not too generally used, 
method of joining memben of copper, brass, bronze, or 

various alloys. One handicap has been the difficulty of 

transpoiting the flame brazing or electric brazing ap¬ 

paratus to the job Small, lig^t-weight, self contained 
jMsrtable units for joining wire cables, strap connectors, 
pipe, etc, have been develojied that require only a con¬ 
nection to a 220-volt source to place in operation ’These 

sets consist essentially of a transformer for providing 

high currents at low voltages, suitable voltage selectors, 
controls, and carbon tipped prongs that can be clamped 

over the pieces to be joined High current flowing 

through the caibons heats them to incandescence, quickly 

bringing the material to a brazing temperature of from 
1200 to 1500 deg. F. Three sizes-5 kva, 625 amperes, 
weighing SO pounds; 10 kva, 8SS amperes, weiring 

100 pounds; and 20 kVa, 1667 amperes, weighing 250 
pounds—provide equipment to meet the needs of most 
hand brazing jobs. 

Electric Furnaces (561-583) 

The tremendous production of metallic parts requir¬ 
ing annealing, hardening, heat treating, or furnace 

brazing could never have been achieved without the 

extensive development and application of the electric 

furnace. A high proportion of all electric furnaces inaitu- 

factuicd incorporated protective atmospheres srithin 
the furnace to prevent oxidation, scale, and disOIdo^ 
ation. Such furnaces were usually designed for {oQ anW- 

made control, even to die loading and disdiaighag of 

the furnace. Automatic oonrimious gas analyris end con- 
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trul, automatic heat control, and automatic chai:ge 
cycling were outstanding features which gave consistent, 
reproducible results 

During the war, furnace brazing was developed to a 
high state of perfection In this process the parts to be 
joined are formed to close tolerances and completely 
assembled with rings, sheets, rods, or otherwise formed 
brazing material which is placed at the joints The 
assemblies are then mau loaded into a controlled at¬ 
mosphere electric furnace and brought up to brazing 
temperature. The brazing material melts and is drawn 
uniformly into the joinu by capillary action, producing 
an assembly that is strong, durable, and gas- and liquid- 
tight. The process is so uniform that as many as 15 
concealed joinu have been made on assemblies with as 
low as O.OI per cent defective. Tolerances may be held 

to very low values, which eliminates many machine 
operations or makes possible the use of pre-machined 
paru. 

Electric arc furnaces were extensively developed and 
applied in melting operations during the war. Such 
installations now use more kilowatt hours of energy 
each year than any other industry except the electro- 

chenncal industry. The control of power supplied to 
are fumacet has been a difficult pndslem of lorg sund- 
ing, at die power tequiremenu during the early stage 

of melting are extensively variable and very large jiower 
swings develop Very efficient regulators of the rotating 
type have been developed to control the electrode posi- 
uon in a manner to give maximum power input to the 
furnace and at the same time reduce the ]>ower swings 
to negligible factors For small furnaces mechanical 
regulators have been extensively and satisfactorily 
applied 

Electrostatic An Cleaners (584-591) 

For many industrial processes, clean air is essential. 
In many plants the dust parucles are conductive and 
affect the insulation of electrical equipment. The life 
expectancy of the windings of motors and generators in 
steel and metal working plants is especially susceptible 
as fully B5 per cent of the dust results from small carbon 
parucles and metal slivers which are much too small to 

be trapped by mechamcal filters. In the electrosutic 
cleaning method, all air-bome particles pass through 
an electrosutic field adjusted to produce voluminous 
amounts of free ions. The individual dust particles be¬ 
come ionized (electrically charged) and are preapiuted 
on collector plates whi^ are oppositely charged. The 

efficiency of electrosutic air cleaning is very high as it 
delivers air which u SOO to 400 per cent cleaner than 
air delivered through conventional mechanical filters. 
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Where extreme cleanliness is necessary, electrostatic air 

cleaners have no peer 
The first industrial installation of electrostauc air 

cleaners was made to the air cooling and ventilating 

systems of motors and generators in steel plants in 1940. 
This idea has been extensively accepted, and a laige 
number of installations were made in the last few 
years In addition to steel plants, installations have been 

made in textile plants, precision ball bearing plants, 
rayon and nylon plants, optical plants, power generating 
stations, bottling plants, paint and varnish plants, food 
processing plants, telephone exchanges, control rooms, 

chemical plants, cement plants, machine tool plants, and 
many others For machine tools, special electrostatic air 

cleaners were developed to remove oil mists attendant 
to grinding, milling, shaping, etc Such cleaners reduced 
the fire hazard and improved cleanliness to a point that 

plant maintenance was appreciably reduced Laige 
amounts of oil coolants were also saved as precipitated 

liquids were returned to the system 

Tiends of Future Developments 

The war had no particulai effect upon the funda¬ 
mental principles of engineering, which is a continuing 

and progressive science However, it did advance by 
many years the development and introduction of new 

materials, devices, and manufacturing techniques, which 

could be efficiently used in many mdustnal fields Lngi- 
iieenng for tomonow is likely to bring two important 
developments, first, improved materials that may in¬ 

crease the efficiency and decrease the size of individual 
pieces of equipment and second, the development and 
utilization of control devices to better Uie performance 

of existing machines and increase production. 

Illustrations foi this chapter were obtained through 
the courtesy of Westinghouse Electric Corporation, 
General Electric Co, Reliance Electric and Engi¬ 
neering Co, and Fedeial Press Co 
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CHAPTER IX 

ELECTRONICS 

by ViN Zeluff 

Nearly everyone has seen electronic tubes in radio 

receiving sets, transmitting sets, and X-ray machines In 

their operating principles, these tubes are exactly like 
those used in industnal electronic equipment, in {act, 

many ordinary radio tubes are used in electronic con¬ 
trol units These tubes and their larger versions have 

been put to work in factories, shops, mines, and mills 

Electronic tubes today do such operations as control 

of electric motors, speeds, process control, sorting, pro¬ 

tection of equipment and personnel, heating both 

metals and insulating materials, inspections, measure¬ 

ment, color matching—in fact, practically every job that 

a man or machine could do, performing the job more 

efficiently and precisely than has ever been done before. 

Electronic Measurements 

Today a factory worker can measure the diameter of 

a piston or check the frequency of a quartz crystal with 

the range of a few parts in a million, a degree of pre¬ 
cision accomplished with ease and brought about by 

electronic tubes Thousands of electronic measuring de¬ 
vices are in use today in every branch of industry, giv¬ 

ing hitherto unobtainable and almost incredible accu¬ 

racy (1, 2). The precision of the simple and basic ma¬ 
chinist's micrometer has been increased several tunes by 

using radio tubes to detect the instant of contact The 
tube IS far more responsive than even the sensiuve 

touch of a skilled operator Lengths and thicknesses 

can be determined with gages whose scales can be read 

several feet away to fractions of a ten-thousandth of an 
inch. The position of the measunng spindle may move 

capaator plates or alter the electromagnetic structure 

of a coil, with electronic tubes amplifying the resulting 

change and actuating an indicating instrument (3, 4, 3). 

Weight measurements have likewise been revolution¬ 

ized by electronics Amplifiers and electronic tube acces¬ 

sories have been applied to scales and balances to in¬ 

crease the sensitivity and minimize the strain and con¬ 

centration of the operator making the readings Elec¬ 

tronic amplifiers are used extensively with strain gages 
to measure the bending, pulling and vibrauon stresses 

to which various structural members in aircraft, cranes, 

ships, and other structures, both large and small, are 
subjected (6). It is estimated that over 500,000 of these 

gages are used every year in various industrial applica¬ 

tions for the measurement of mechanical forces, weight, 

and small motions. The strain gages themselves are 

simply rectangular grids of resistance wire, supported 
and held in place on the object being studied by a 

film of elastic cemenu. Stretching and compressii^ of 

the structural member and its gages srire directly aSecu 

the electrical resistance of the wire This is a quantity 

that can be measured and recorded with high precision 

by electronic equipment 

The list of electroiiii instruments includes ume in¬ 

terval meters for measuring accurately the time from 
one impulse of light, sound, current or voltage to the 

next, for intervals ranging from 1/10,000 of a second 
up to .3 seconds, a mercury-vapor detector that measures 

one part of mercury in 200.000,000 parts of air, photo¬ 

electric recorders so sensitive that 1,000,000 of a mil¬ 
lionth of a watt will cause full-scale deflection of the 

inking pen; photoelectric spectro-photometers capable 

of making such accurate chemical measurements as one 

part of silver in 250,000,000 parts of solution, and on 

through hundreds of other applications for measuring 

moisture, temperature, speed, vibration, sound level, 

noise, voltage, current, illumination, color, and all the 

other quantities in which the industnal engineer is in¬ 
terested 

Motor Controls 

But electronics is used far more than to measure 

accurately in industrial plants, it controls machinery as 

well Machine tools of many types have been equipped 

with electron tube equipment (7, 8) 

Many manufacturing plants employ machinery driven 
by electric motors whose spieed can be changed at will 

by the operators For this purpose, a-c motors arc not 

suitable and d-c motors must be used Altemaung cur¬ 

rent must be converted into direct current to operate 
sudi motors This is now being done electrically in 

such a manner that many additional advantages are 
provided, such as extremely stable speed range, good 

speed regulation, and smooth automatic acceleration 

This pb IS being done by a tube called a thyratron 
(9, 10. II) With It, the motor speed is automatically 

regulated so as to maintain a practically constant speed 
at any setting regardless of the load. Other small tubes 

control the output voltage of the main thyratron tubes 

to compensate for changes in speed. Thus, vibration 
difficulties sometimes encountered with adjustable-speed 

drives are minimized with electronic arrangement since 

the d-c motor is the only rotating part The electronic 
equipment is available in its own cabinet or may be 

mounted m the driven machine. 

Motor control eqmpment (8, II) has been applied 

in many industnes handling matenals on feeder and 

assembly conveyors. In the machine tool industry (12, 
IS), grinders (14), milling machines (15), turret lathes, 
and gear-cutting machines utilize electronic motor con¬ 

trol to advantage (16, 17). Rotary cutters, slitters, and 
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winders are only a few machines in the paper industry 
that have been equipped with the new speed controls 

Electronic motor control offers many advantages to 
the grinding machine operator (14). EfEaency is high¬ 

est in a grinder when the pressure of the work against 

the wheel is constant at a value corresponding to max¬ 
imum cutting caputy Electronic control of the infeed 
of the grinding wheel provides automatic variation of 

feed motor speed to maintain this optimum rate of 

cutting Smoothly adjustable low speeds eliminate stop¬ 
ping to change speeds Control of the speed is achieved 
by adjusting a small knob mounted in the most con¬ 

venient spot on the grinder, a disunct advantage over 

the bulky rheostats otherwise used with direa-current 

motors 
Electronic control for the head-stock motor of a cylin- 

dncal grinder is being widely used to turn the work 

at the required varying speeds during plunge cut grind¬ 

ing, giving a smoothly finished product without surface 
irregularities at each speed-changing point. 

Surface grinders having separately driven rotating 
tables and reciprocating wheel heads can be electron¬ 

ically controlled to give practically constant surface 
speed at the cutting point As the wheel approaches 

the center of the chuck, both the chuck rotation and 
the wheel head speed are automatically increased by 

the tubes that feed tlic dnve motors 
Electronic control for grinders generally involves re¬ 

design for maximum effectiveness The modernized de¬ 

sign reduces the number of rotating parts, thereby re¬ 

ducing vibrations and permitting higher production 
speeds In addition, the wider speed ranges possible 

with electronic control mean finer finishes and higher 

preasiun without sacrifice of automatic operating fea¬ 
tures. Cam-actuated potentiometers can be set up for 
a particular job by tool-room personnel or the operator 

himself, or the drive torque tan be measured electron¬ 

ically and used to maintain the desired constant value 
of torque 

The operating characteristics of existing grinders can 
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also be greatly improved by the addiuon of an elec* 

tronic motor control. For example, the replacement of 

overhead dnves with individual electronic motor drives 
on three 30-year old grinden by one manufacturing 

company permitted preasion finishing of hardened pump 

liners to a tolerance of 0 001 inch despite variations in 
both liner materials and sizes (18). The closely regu¬ 
lated stepless speed range of 20 to 1 provided the de¬ 

sired tolerance and finish without difficulty 

The typical electronic drive consists of an electrcmic 

rectifier for changing alternating current to direct cur¬ 
rent, plus control tubes that vary the output of the 

rectifier in response to a potentiometer no larger than 

the volume control on a radio receiver This combina¬ 

tion of tubes placed between the alternating-current 

line and the conventional direct-current drive motor, 
gives the desirable characteristics of d-c motors without 

need for d-t wiring throughout the factory 

To mention a few other machine tool applications, 

machining of aluminum spar beams for plane wings 

was reduced from thirteen and a half houn to five 

minutes through installation of an electronic motor con¬ 

trol system on a large automauc contour milling ma¬ 
chine Similar equipment installed on an automatic 

lathe used in cutting a precision spiral groove in the 
end plates of a cartridge reel reduced production time 

from forty minutes to twelve minutes per piece 

Timing Equipment 

Elcttronic time-delay relays (11), capable of uming 
intervals as short as 0 05 second or as long as several 
minutes, are marketed as complete units ready to in¬ 

stall on such machine tools as welding machines, honing 

machines, grinders, and molding machines for such ap¬ 
plications as processing, cycling and sequencing Ad¬ 

justment of timing IS done with a single knob, to any 
desired interval in the available range of the timer 

With tubes used here to cut off the power at the end 
of the operating interval, relay troubles are eliminated, 
with consequent greater dependability and longer life. 

"Elect) ic Eye” and Counters 

Photoelectric equipment, commonly called the "elec¬ 

tric eye", is widely used in industrial operations (8, 11, 
19, 22, 23, 24) It utilizes light beams and phototubes 

and IS available in many different types of packaged 

units These are used to prevent machines from injuring 
workers or from damaging themselves (20) For ex¬ 

ample, when an automatic punch press fails to eject 

a punched product before the next sheet is fed, the die 

may be ruined if the press closes on two pieces A hght 

beam is directed across tlie press bed to a phototube 
which connects to controls geared to the press so that 
jamnung of a piece interrupts the light beam and the 

phototube stops the press This type of equipment is 

also utilized to protect a worker by having the madiine 

remain inoperative so long as his arm or body inter¬ 
rupts the light beam shining through a dangerous area. 

Any moving objects capable of interrupting a hg^t 

beam can be counted electronically If the objects are 

on a moving conveyor belt, the beam is simply directed 

across the top of the belt at the proper level for inter¬ 

ception, and the phototube amplifier is conected to an 

electromagnetic counter (8, 11, 21). 

Electronic counting is most useful in connection with 

objects that for some reason must not be touched dur¬ 
ing the counting process. Examples are counting of 

freshly painted objects, fragile glass objects like elec¬ 
tronic tubes, sterile articles, delicate sheets of paper 

moving at high speed through pnnting or folding ma¬ 

chines, unpackaged foods and meats, people or ammals 

passing a given point, flashes of hght such as those due 

to flashover on generators, and counting irregular¬ 
shaped and lightweight objects that could not readily 

be positioned to aauate mechanical counters reliably 

In the manufacture of one type of tubing made of 
soft clay, the material is so soft as it leaves the forming 

machine that a taut wire must be used as a shearing 
knife to cut it to size. A mechanical limit twitch set at 

the outer limit of the proper measurement and used to 

actuate the knife was found to mar the soft end of the 
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tube and became gummed-up within a short time by 
the clay A photoelectric relay and light beam have been 

found indispensable lor the job. When the day tube 
extrudes to its proper length, it interrupts the hght beam 
and the photoelectric relay causes the shearing knife to 
operate Since only a beam of light is involved, the dis¬ 
advantages of the mechanical components of the former 

method were eliminated. 
Whether electronic counters are preferable to simple 

mechanically actuated counters, or to leveroperated 
switches serving electromagneuc counters, depends upon 
production conditions in relation to artides outside the 
untouchable category. Electronic counting elirmnates 

the accurate positioning requirement of other methods 
beiause the object can interrupt any part of the light 
beam The cost of an installation, m many instances. 
IS under a hundred dollars since packaged electronic 
units made by mass-production methods are suitable 
for most jobs Maintenance is no problem because the 
equipment consists of only a few parts, in addition to 
the small lamp used as the light source, the phototube 
and one or two radio-type vacuum tubes 

Metal Detectors 

In sawmills, electronic metal detectors may be used 
to reveal the presence aif spikes and other metal objects 
in logs, and stop the saws when such foreign objects 

approach the cutting zone (25) Cut lumber can be 
examined electronically for nails in a similar way at 

speeds up to 100 feet per minute Electronic amplifiers 
give the alarm and actuate a solenoid-type hammer or 
paint brush that marks the location of the nail im¬ 
bedded in the lumber Paper mills use similar but more 
sensitive detectors to reveal the presence of almost in¬ 
visible metal particles in finished paper or cardboard. 

Dielectric and Induction Heating 

Electric heat is a means of speeding up prodiiction, 
where heat is necessary The heat is produced directly 

within the material itself and no heat is waited in the 
surrounding atmosphere as in an oven or in heating 
auxiliary conducton such as metal pou and pans. The 
heating is done by a somewhat old-fashioned radio sta 
non transmitter containing high-power vacuum tubes. 
I'hese generate electncal power exactly the same as if 
they were to broadcast a program, but the electrical 
power IS not fed to an aerial or antenna, instead, it 
IS concentrated in the material under treatment and 
converted into heat The methods of converting this 
energy into heat are known respectively as dielectric 
and induction electronic heating (26, 27, 28. 29). 

Dielectric electronic heating, also called electrosutic 
heaung, is applicable only to nonmetallic objecu, which 

are placed for a short ume between two metal plates 

connected to the electronic apparatus. The resulting 
heat is distributed uniformly throughout the thickneu 

of the material without heating the surfaces to any 
great degree The metal plates apply only the electrical 

power, and the slight heat that Aey receive is produced 

by the material being heated (28). 

Nonconductors of electricity, such as textiles, wood, 

foods, jdastics, and glass are heated by this means. An 

important application of dielectric electronic heating is 
that of gluing airplane propellers made of layers of im¬ 

pregnated wood (SO, SI) Plywood products made in 
this way can be lighter than aluminum yet handle the 

loads of heavier metals They usually require metal¬ 
working tools for machining, and can be more flame- 

resistant than steel In a recent test of a plywood prod¬ 
uct, a cutting torch took S9 seconds to burn through a 

half-inch sheet, whereas a half-inth steel sheet was cut 
through in 11 seconds 

In the manufacture of a laminated wood spar flange 
lor one type of aircraft the innermost part of a piece 
25 feet long and 7 by 5 inches in cross section required 
heating without excessively drying the outer layer Un¬ 

til electronic heating was employed, the spars had to be 
left in the presses for eight hours A steam heating 
process also consumed many hours With electronic 

equipment, the whole heating operation is accomplished 
in about 30 minutes, with practically uniform tempera¬ 
ture maintained throughout the glue lines (32, 34) 

In the textile industry, dielectric electronic heating is 

used to assure uniformity of drying temperature One 
textile plant reports that electronic drying produces 
better fabna and requires only about 2 per cent of the 
time required by former heating equipment 

Thermoplastic sheets are bonded together in a con¬ 
tinuous seam by an electronic sewing machine (83) It 

consists of a pair of rollers, between which the material 
passes, and which act in the same manner as the metal 

plates Sheet plastic materials such as Vinylite and Plio¬ 
film are bonded together in a thin, solid and airtight 

seam that is stronger than the material itself 
Thawing and heating a precooked frozen meal with 

dielectric heating takes only 70 seconds With conven¬ 
tional methods, such as a hot-air oven, the thawing and 

heating time u never shorter than 15 minutes. This 
factor alone limits use, particularly m restaurants Since 

the heating is done in about a minute by electronic 
equipment, the restaurant can prepare food in off-peak 

hours, keep its menu in deep freeze and thaw and heat 
dinners when they are ordered This eliminates much 
of the waste inherent in present-day restaurant methods 
of food preparation and saves the restaurant owner 

from the daily losses which he now suffers because he 
has to guess his volume of business in advance 
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Simc eleitronic lieating of food produces the heat 
from within, the only thing that heats in the electronic 
oven IS the ftxid, not the surrounding air or water as 
in baking or boiling methods. 

This type of food heating is done at ultra-high fre¬ 
quencies In fact, the Federal Communications Com¬ 
mission of the United States recently assigned a band 
of frequencies at 915 megacycles lor electronic heating 
In this range, the usual radio type coils and condensers 
so useful at lower frequencies are not practical Instead, 
murowave "plumbing” consisting of hollow metal pipes 
and boxes called waveguides and cavities are used TTie 
froren food is pbiced on a fiber dish in the cavity where 
It is subjected to the ultra-high frequency radio waves 
The food thaws and heals to a temperature too hot to 
eat, without any electrical or mechanual constaa what¬ 
soever (35, 36. 37) 

As designed at present for restaurant use, the equipi- 
nient consists of a metal cabinet about the size of a 
household refrigerator A power switch, a timer, and a 
f<Kit treadle are the only controls necessary for opera¬ 
tion When the unit is turned on, a 40-second time de- 
lav prevents the use of the equipment until the elet- 
tronii lubes are heated ,^s soon as a green indicator 
light turns on, the oven is ready for operation Heating 
IS ilone by meiely placing the frozen meal in the oven 
and stejijiing on the food treadle, from them on, the 
ojieration is automatic The cavity door slides into 
plate. jMiwct IS applied and the meal heats as long as 
the load tuner diriaies When the healing cycle is over, 
power IS tut ofl and the cavity dotjr drops down The 
opcriiiin icniovcs the healed meal from the electronic 
oscii and tlic machine is ready to begin a new heating 
tyile Twelve-ounce precooked frozen diners, consisting 
of a vegetable, potato, and meat, can be heated from 
zero Fahrenheit to a temperature too hot to eat in 70 
setonds In addition to defrosting, dehydration and 
sterilizing of food has proven feasible (38. 39, 40) 

7 he other type of electronic heat is called induction 
healing and is used for raising the temperature of 
metallic substances such as iron and steel (41. 42) 
It involves placing the object inside a coil of heavy 
wire carrying high-frequency alternating current For 
surface hardening of a thin layer of metal and for 
heating rough, irregular contours of metallic objects, 
the alternations occur more than 15,000 times a second 
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Eledroplating 

One spectacular job accomplished by induction elec¬ 
tronic heating is m tlic tin plate industry, which bad 
to ronserve tin when Malayan sources of supply were 
cut off during the war Plating of tin was effected by 
dipping steel plate or sheet into the hot metal This 
produced a gray porous surface that permitted the steel 
under the tin coating to be attacked bv aads in the 
ftxzds it was found that the tm surface could be made 
■0 flow by the application of heat In the electronic 
methods, continuous strips ol tin plate are fed through 
a coil, and electrical energy from vacuum tubes heats 
the layer of tin until it flows and forms a smooth layer 
l/30.(X)0th ol an inch thick The electronic method 
processes 1,300 feet per minute of SO-inch tin plate and 
saves one pound of tin per 100 lbs of steel (43) 

Brazing and Soldering 

Many brazing and soldering operations have been im¬ 
proved by electronic induition heating ITie main ad¬ 
vantages arc that the heat acts quickly, can be confined 
to a smalt area, and close tontrol is possible Joints are 
free of oxidation, heating costs are reduced and semi¬ 
skilled ojierators tan be employed 

Induction heating has been an important factor in 
brazing operations In one plant a brazing operation 
that took a highly skilled operator four minutes with a 
gas torch is now done by unskilled women operators in 
forty seconds using induction heating equipment. In¬ 
spection of the joints is unnecessary because of the uni¬ 
formity provided by the elec ironic methocis 

Hollow propeller blades for airplanes require a fillet 
of copper or ropjzer alloy inside the leading and trail¬ 
ing edges Welding on the outside edge is not suSiaent 
to hold the two pieces together and is not possible along 
the inside edge In electronic brazing, beads of brazing 
metal are laid along the inner edge and the propeller 
is moved edgewise through a coil to fuse the beads and 
bind the edges together The same job done with a 
toidi takes a longer time and requires more highly 
diilled operators Greater warpage of the blades also 
results. 

Oil well drill bits are toughened by a layer of tungsten 
carbide depofiteS on the teeth under high heat. This 
was lonnerly done with a gas tordi by an operator who 
slowly and laboriously applied the carbide to each of 
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the twenty teeth, one at a time. The whole bit can 
now be carbided in a few seconds by locating the 
tungsten carbide in position on the teeth, then placing 
the bit inside the coil of an electronic unit that heats 
the twenty teeth all at once. Unskilled operators do 
the work on semi-automauc equipment. 

Like brazing, soldenng is a high-speed production 
process with electronic heating During the war one 
terminal connector used in fighter planes contained 
thirty wire connections that required fifteen minutes 
when soldered one at a time with a hand iron The en¬ 
tire job was finally done in fifteen seconds by elec¬ 
tronic induction heating 

Quartz from Brazil is sliced into thin wafers for use 
in many radio transmitters as a means of frequency con¬ 
trol In assembling the quartz crystal units, gas solder¬ 
ing often caused overheating and warping, or cracking 
of crystals With induction heating, this danger is en¬ 
tirely eliminated and six crystal units are soldered 
simultaneously by electronic means in three seconds 
Heat IS produced only where it is needed at the joint 
area, and so rapidly that no harmful heat is conducted 
to the crystal 

In the assembly of aircraft, rivets must often be 
dnven in inaccessible locauons To spread the end of 
the nvet inside the jilane, a jxiwer charge is inserted 
in a recess at die end of the nvet The operator ex¬ 
plodes the charge by applying heat to the nvet head 
with an electronic heating gun, and this spreads the 
end of the rivet (45). 

Although many spectacular jobs have been done with 
electronic heating, it must be pointed out that it is not 
a general substitute for steam, gas, clectnr-arc and other 
older methods. The cost of electronic heat is admittedly 
higher than these methods and this factor must be 
considered in defining its appluations If a special tech¬ 
nique IS required to do a faster, better or cleaner job, 
or if the job cannot be done by any other method, 
then electronic heat becomes economically feasible and 
practical 

Electronic heating equipment is built to industnal 
standards and is available in both desk-size and rack- 
tyjie cabinets. The units conuin simple circuits and 
the parts employed are easily replaced by plant elec¬ 
tricians. Maintenance chiefly involves the replacement 
of vacuum tubes and changing of fixtures and jigs used 
in applying the heat. 

Welding 

Spot welding, projection welding, pulsation welding 
and seam welding are some of the forms of electncal 
resistance welding in which two important facton, time 
and magnitude of current flow, can be controlled elec¬ 
tronically by vacuum tube equipment to govern the 
quality of the weld (46, 47, 48, 49, 50). In such equip¬ 
ment, tubes called Ignitions handle currents as hi(^ as 
several thousand amperes and interrupt sudh currents 
anywhere from 50 to 1200 times a mmute without ex¬ 
cessive maintenance. 

Ignitions and other electron tubes work together to 
form electronic resistance welding contiiolt that auto¬ 
matically compensatt for variations in line vedtage aad 
for the amount of metailk mtttetials between the jaws 
of die welding machine. The welffiag of dte tubef pro- 
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vides precision control of resistance welders that pro¬ 
duce innumerable reliability records In one refrigerator 
plant, 21,000 evaporators containing 1,250,000 spot 

welds, 22 miles of gas-lit seam welding and 94 miles of 
intermittent seam welding were turned out without a 
single unit being rejected because of faulty welds 

In some welding jobs an automatic electronic check 
of welds IS made by a recorder (49) This is used in 
spot welding of bodies of aircraft, rail cars, automobiles, 
buses, trucks, and trailers, where there has been greatly 
increased use of welding for structural parts that are 

under pulsating stresses 
Another type of welding in which the electronic tubes 

generate the actual power used for making the weld is 
high-frequency welding (51) In the aircraft industry 

It welds paper-thin sheet metal to metal structural parts, 
giving aiT-tight joints with full mechanical strength It 
welds threaded stud bolts to flat boiler plates, bolts of 
dissimilar metals end to end with no deformauon what¬ 
soever at the joint, metals such as magnesium that here¬ 
tofore were unweldable, and handles a host of other 

diHicult welding jobs 
Precision spot welding of the heavier gage metals is 

quite common Relatively little attention has been given 
until recently to precision welding of light gage metal 
sheet and wire Spot welding of nickel, steel and alumi¬ 
num wire only a few thousandths of an inch thick is 

now done by energy-stored spot welders (47) These 
machines ulili/e an electrical condenser having a ca¬ 

pacitance of about 200 microfarads which stores the 
energy and releases it in one high-current discharge 
through the spot to be welded Heat developed by the 
tremendous current does the actual welding Electronic 

tubes in the machine do a double job, they rectify the 
output of a high-voltage transformer so that direct cur¬ 
rent IS available for charging the condenser, and they 

act as a switch or control so that the condensed dis- 
chaige takes place at the exact instant that is required 

to make the weld. 

A similar arrangement of electronic equipment is 
used in the high-speed electronic flash units now widely 
used by photographers in the United States. In these, 

the condenser discharges through a gas-filled tube which 
emits a bnlliani flash of light, much greater than that 

from the usual flash bulb The flash, however, takes 
place in a much shorter time interval, about 0002 of a 
second, so that moving objects and people can be 

"fro/en" on the negative (52, 5S) 

Elrrtronu\ tn Prospecting and Mining 

In the continual search for oil and mineral deposits, 
electronics is fast coming to play an imjsortant part in 

prospccung, in getting the material out of the ground 
and in refining it into usable form (54) 

Vacuum tubes are especially important in connection 
with the reflection seismograph method of exploration 
being used so successfully in the hunt for new oil de- 
jxisits, where they boost many times the feeble earth 

impulses resulting from the distant dynamite explosion, 
and also serve in radio equipment to transmit and re¬ 

cord the instant of this explosion 
Electrical measurements made between stakes driven 

into the surface of the earth often call for electronic 
equipment to increase the sensitivity of the instruments. 
Electronic equipment plays just as important a role in 
talk-back systems used at the drilling ng for intelligible 

communication from a workman near the top of the 
derrick to the noisy derrick floor, providing coordina¬ 
tion of effort in handling the heavy dnll pipe 

Electronic tubes are indispensable in the recently de¬ 
veloped radioactive or gamma-ray method of logging 
oil wells This method is used to locate profitable oil- 
bearing levels in an existing well and to predict per¬ 
formance of wells to be drilled nearby. Electronic ap¬ 
paratus IS also used in modem mud-logging techniques, 
in which the mud used as drilling fluid is continuously 
analysed In another technique, this mud is inspected 
under strong ultraviolet illumination, under which cer- 
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coven, metal boxes used to protect undeiground gas 
and water valves, metal cross-ties of trolley rails, and 
electric wiring in walls 

Mercury Arc Rectifiers 

Most industrial plants in the United States are sup¬ 
plied by the utility companies with electric power in 
the form of alternating current This is a very effiaent 
type of electrical power but in some processes, no¬ 
tably the electrolytic refining of aluminum and mag¬ 
nesium and mining, it is necessary to employ direct cur¬ 

rent The conversion of alternating current to direct 
ciiiirrent has been accomplished by motor-generator sets, 
but in the past few years many plants have installed 
mercury-arc rectifier tubes for this purpose These con¬ 
vert alternating current electronically and have no mov¬ 
ing parts Use of this tube cuts losses about 40 per cent 
compared to other devices for changing alternating cur¬ 

rent to direct current 
Electronic mercury arc power tubes vary in physical 

size from the smallest, 16 inches long, to the largest. 

8 feet high Some are contained in a glass shell or en¬ 

velope, while others have metal envelopes The in¬ 
ternal construction is similar to the simpler type tubes 
conuined in home radio receivers. They are particularly 
useful for operating railway cars, dumpers, cranes, ele¬ 
vators. and similar heavy machinery in mines and mills 

(II, 52). 
Electronics, the magic word of many recent signifi¬ 

cant developments in industry, instrumenution and 
research, has proven to be a useful tool in many plants 
and shops Initially developed for communication pur¬ 
poses. the evacuated glass and metal envelopes are now 
recognized as having been successfully applied in many 

industries and have every indication of finding more 
jobs to be done. 

Illustrations for this chapter were obtained 

through the courtesy of General Electric Co, 

Westinghouse Electric Corp, Monarch Machine 

Tool Co, Fairchild Engine ir Airplane Corp, and 

Radio Corporation of America. 
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CHAPTER X 

FOOD PACKING 

by T. L. Swenson 

Demands for processed as well as fresh foods m 1946 

exceeded those of any previous year in history, and 
production in countries not devastated by World War 

II reached all-time highs Total production of canned 

foods in the United States for 1946 has been estimated 

at 646 million cases, exceeding the previous year’s pack 

by about 80 million cases. Production of glass-packed 

foods was well maintained at about 280 million cases 

Frozen foods reached a peak of over 2 billion pounds 

packed (1) 

As was expected, the wartime dehydration industries 

declined and returned to their approximate pre-war 

status, despite the fact that many important technologi¬ 
cal advances in dehydration were made, particularly in 

the drying of eggs and vegetables, but also tn the de¬ 

hydration of foods such as meat and dairy products 

It IS generally apparent that World War II lent a great 

impetus to nutritional and food-technological invesuga- 

tions and vastly greater attention is being given now to 

healthfulness, sanitation, deteriorative processes, methods 

of preservation, and economy in production and dts- 

tnbuuon than was ever given in the past The tech¬ 

nological investigations devoted to dehydration as a 

process have now been supplanted in large measure by 

attenuon to low-temperature preservation, freezing in 

particular. Food science, however, is concerned not 

only with processes but also with fundamental and 

basic factors in preservation and use of foods, and all 
processes (canning, freezing, dehydration and pickling) 

as well as fresh-product industries are in a true sense 

the benefactors. 
The early months of the year 1947 witnessed some 

marketing difficulties that resulted from the large packs 

of 1946, particularly in frozen fruiu and vegetables, but 

also in canned pr^ucts of the same general class of 

foods Supplies in the United Sutes were greater than 

markets could absorb, despite laigc domestic demand 

and the fact that exports were roughly five times those 

of pre-war years. (1) 
Marketing troubles, particularly in frozen foods (2, S), 

were usually explained as due in some degree to low 

quality and to the buying public’s demand and ability 

to pay for the better grades of foods. There has been 

evidence, too, that per capiu consumption of foods has 

incseased in the United States, thus indicating not only 

public interest in better quality but also capacity to 
oonsume larger annaunts than were pteviouriy oonsidined 

at avenge and standard. 

A gmeraliiatioa that teenu applicable to the imme¬ 

diate post-war period, with whidi we are here concerned, 

is as follows: Keconvenion msd expantioa of food manu¬ 

facturing facilities have lagged behind expecutions be- 

tause of unprecedented high costs and labor shortages 
In war devastated countries the process of reconstruc¬ 

tion will require an unpredictable period At the same 

time, technical and scienufic knowledge related to 
nutrition and foods has increased. The war, moreover, 

has demonstrated the colossal and over-shadowing im¬ 

portance of abundant and good food to a sound world¬ 

wide economy 

Immediately following the war, efforts were made to 
discover the new processes developed and used m the 

defeated enemy countries (4, 5, 6) and also to assemble 

for useful purposes facis developed in victonous coun¬ 

tries (7, 8, 9, 10, 11, 12) The accumulation of informa¬ 

tion, scientific and technical, which is presented here 

only in part, falls far short of adequate use and appli- 

cauon. laigely because tlie expected and hoped-for pe¬ 

riod of post-war construction and development has only 
begun 

Undoubtedly the most significant contribution of 

World War II to food research was one of moral ad¬ 

vancement among research workers themselves. The 

war saw the teaming together of men from all fields of 

saenufic endeavor, men who had never previously 

dreamed of working together. It can truthfully be said 
that we can look with just pnde upon our technologi¬ 

cal advancement and our food pr^uction record. 

THE INTERNATIONAL INDUSTRY YEARBOOK 

attempts to point out major trends and directions in 

the vast and scattered food industries of today Nearly 

every village has ite food industries, and every home 

engages in some form of processing In metropohtan 

centers and regions of specialized and concentrated pro- 

Todo/a metal centainem are atondardlsed in a aimpU- 
fiad-practice liat el 41 eona. 
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duction the food industries usually equal, and in some 
instances outrank, all others A major portion of the 
sum total of scientific endeavor is devoted to nutrition 
and foods Our purpose here is not only to describe 

briefly various technical developments but also to sup¬ 
ply a guide to literature on trends in applications 

Meats 

The war stimulated research on the dehydration of 
meats by such methods as drying on drums and plates, 

vacuum drying, and cabinet drying Retort rooking, fol- 
>, lowed by grinding and drying, proved to be a rapid 
^method The usual types of drying equipment were 

tried, but results were never sufficiently encouraging 
to justify large volume production (13, 14, 15) Efforts 

were made, as with other dried foods, to compress the 
dehydrated meat in order to save space and exclude 
air (16). As in other wartime investigations of food 

dehydration, the necessary objectives included ability 

ot the product to withstand severe storage conditions. 
In studies of retention of nutritive values (17, 18, 14) 

It was found that original products, especially the pro¬ 
portion of fat, had much to do with keeping quality 
Retention of thiamine was found esjiccially difficult, and 

in general the products were unstable at higher tem¬ 
peratures (above 70°F) It was demonstmted that good 

quality products could be obtained with the following 
limitations 

(I) Meals were necessarily ground, (2) They re¬ 

quired highly effective packaging (that is. gas packing to 
displace oxygen), (3) Quality retention was sensitive 
to high temperature in storage Extensive Army use of 

frozen and fresh carcass meat, and of canned meats in 

advance posu, made it unnecessary to continue the meat 
dehydration program beyond its initial stages 

A great deal has been published on freezing and 

the freezing storage of meats, as well as on other foods, 
in recent years, and journals are publishing new re¬ 
ports of technical studies regularly Through research 
of the State Agricultural Experiment Stations, there has 

been constant effort to meet demands for information on 

unproved methods in locker plants, which have lieen 
increasing in number steadily during the past fifteen 
years 

The U. S. Department of Agnculture and most of the 
Slate Agricultural Experimental Stations have issued 

bulletins and circulars on the freezing of meat (20. 21, 
22). In the United Sutes the number of locker plants 
now approximates 8,000 and for the most part locker 
plant patrons use their storage space for meats and 

jmultry Thus about four million families or between 

fifteen and twenty million people are consuming IcKker- 
stored meals. A conspicuous development has been the 

addition of slaughtering and jiackaging facilities and 
services in a large number of locker plants The mam 

trends have been toward use of (1) lower temperature 
for storage (O^F or lower); (2) more effective pack- 
aging (foils, glass jars, wraps or bags made of material 

containing rubber hydrochloride), instead of ordinary 
pajiers or cartons; and (3) faster freezing (made pos¬ 

sible by sjKcial freezing rooms tn many plants). 

The situation with regard to commercial retail sale 
of frozen meats is. however, entirely different Much has 
been written and said about the possibility and prob¬ 
ability of this virtually revolutionary development and, 

as a natural result, laige meat packers and others are 
conducting various tyjies of studies (23, 24, 25, 26, 27), 
the overall objective of which is to preserve meats in es¬ 
sentially fresh-qualtty status and to prepare and freeze 
prcKessed meat products with the retenuon of the high¬ 

est nutritive values and consumer acceptance 

Conspicuous among the technical problems are those 
of rancidity and related chemical changes Physical 

changes, however, may be,even more imjmrtant, since 

freezing necessarily involves crystalliz.-ition of moisture 
witli subsequent surface effects that must be adequately 
controlled. especKilly in the small consumer-sized pack¬ 

age The customary aging of meats in coolers may not 
be an advantage in frozen cuts since fresh flavor may be 
lost Freezing increases tenderness, therefore aging in 

coolers would not be necessary for that purjxise Inclu¬ 
sion of salt in frozen meat products is apparently detri¬ 

mental Numerous other problems in this particular 

held require investigation before any large-scale trial 
of commercial retailing of frozen meats is attempted 

The obvious advantages (retention of bone and other 

wastes at the slaughtering plant, resulting in savings 

111 transport and storage costs) must be offset against 
enormous ptoblems of equipment and personnel Only 

one letail store in fifteen has any reasonable capacity oi 
kind of low-tcmjierature display cabinet at present This 
fact alone should suggest the ultimate magnitude of 

changes within the retail trade 
Meanwhile, studies directed toward improvement of 

smoked meats (28, 29) continue, and new canned meat 

jiroducts, such as baby foods and foods for Uie aged, 
as well as fur pets, are being developed and are finding 

markets Evidence has accumulated (SO) suggesting the 
value of cool storage for canned meats, as well as other 
foods A number of research workers have demonstrated 

the ill effects (darkening, loss of the less stable vitamins, 
and the development of off flavors) that result from 

exposure of various canned products to warm tem- 

jieratures Cool storage involves increased costs, but it 
may be assumed that as air conditioning in plants, stor¬ 

ages, and wholesale and retail establishments develops, 

there will be increased use of suclt space for canned 
produas. Improved canned products would, of course, 

increase their competitive advantage as compared with 

frozen processed meat products. 

Cereals and Baking 

The most talked-of recent advance in baking is that 
of frozen dough, for use in pies and other prepared 

frozen dishes. Volume is small, but mterest is maintained 

pnmanly because of novelty and also because of ex¬ 

perimental demand (as in air travel) for jnecooked 

frozen foods and whole meals. A well publicized bake 
shop speaalizing in frozen dough in Oak Park, IIUikhs, 

(31) has no ovens and does no baking- Similarly, in 

frozen food markeu elsewhere frozen doughs are under 

trial and frozen pies are reported to enjoy reasonable 
consumer acceptance. 



Cereal chemists in a few of the State Agricultural 
Experiment Stauons and in laboratories of the larger 
milling companies are continuing basic studies on com¬ 
position and behaviour of the components of wheat and 
other grains The value of the food and milling tech- 
nolc^ist and the laboratory in the milling and baiting 
plant, as in other food plants, is coming to be more 
fully recognized, not only for purposes of inspection 
and quality control as applied to raw products, but 
also as a means of developing finished products of the 
highest quality (S2, SS. 34, 35). Studies of new processes 
(as yet commercially undeveloped) continue to be 
made, for example, on peanut flour (36), vacuum 
processing of rice (37), high-frequency heat in baking 
(38), and a new process for removal of bran (39). 

Eggs and Poultry 

A problem of lung standing in fresh egg storage is 
loss of quality prior to receipt of eggs in egg storage 
warehouses Cleaning and oiling (40) and thermosta- 
bili/ation (41) have been demonstrably successful when 
applied under tnmpctent technical supervision The 
universal adoption of mcihods developed has been re¬ 
tarded by the lack of trained technologists Individual 
farmers (particularly on farms where poultry is a side¬ 
line) cannot do this work uniformly and consistently 
Only fresh eggs from healthy flocks should be used for 
any food purposes, hence the achievement of a better 
supply seems to be a marketing problem, involving 
closer relationship between produier and packer 

Dehydrated eggs were one of the chief food problems 
of World War 11 Large expansion in production of 
dried egg reflected the fact that dehydration was about 
the only method whereby large volumes of egg could 
be moved to the armed forces and to the Allied coun¬ 
tries It was not until late in the war years, however, 
that It was possible to prcKlute adequately stable, good- 
quality whole egg powder Practically the same factors 
hindered the dried egg industry as hindered dried vege¬ 
tables These factors were the necessity for very low 
moisture content and for reduction of oxidation and 
other chemical changes through gas packing Enzymic 
oxidation, which affects dried vegetables and fruits, ap¬ 
parently does not affect eggs 

It IS now possible to produce good-quality dried e^ 
(42, 43, 44, 45, 46, 47, 48, 49). Slight acidification con¬ 
tributes to keeping quality of dried egg and may be¬ 
come a commercial practice with or without the addi¬ 
tion of sugar. Excellent original quality, strict sanita¬ 
tion, and close adherence to requirements with regard 
to moisture content and packaging are, however, neces¬ 
sary. 

Decline in production of dried egg powder has been 
accompanied by an increase in frozen egg production 
With frozen egg, as with egg powder, there is a need 
for concern about bacterial content, particularly sal¬ 
monella species (50, 51). Operational problems being 
studied include freezing methods and rates, effects 
of freezing storage on usefulness, and method of de- 
frosdng (52). 

Frozen eviscerated poultry packed cut up for frying 
or whole for roaith:^ is in effect serving as an experi- 
aeBt in retail sale of frozen meat in consumer pack¬ 
ages. Similarly, frozen fish have been, in a sense, a 

Modem materials handling and packaging equipment 
promote efficiency in Ihie pineapple carming plonk 

Materials ei censlructien, such as Monel and pure niekek 
momtoin product purity in this brewery. 

Impreved design ei equipment In vatieue freetiag units 
have contributed asuiA te feed Industry pregruss. 



preliminary and also successful experiment A number 

of large packers have apparently succeeded in their 

frozen eviscerated poultry operations, and it seems 
likely that this product will expand to laige volume as 
facilities for retail sale of frozen foods develop The 
trend away from marketing of freshly killed “New York 

dressed" and live poultry toward packing and storage 

may soon develop at an accelerated rate, as a result 
of the impetus given by freezing technology Turkeys 
are becoming a year-round rather than a strictly sea¬ 
sonal commodity. Probably the poultry processing plant 

of the future will conduct both canning and freezing 
operations in order to extend and vary its line of prod¬ 
ucts Among precooked frozen foods, chicken a la king 
has established lu position as one of the must success¬ 

ful. Of the technical problems in poultry packii^, 
sanitation, avoidance of visceral taint, and quick han¬ 

dling from slaughter to storage are most frequently dis¬ 
cussed Recent evidence indicates that poultry to be 

frozen, like meats, is better if the precooling step is 

omitted. Freezing in itself tenderizes the meats. Fresh 
flavor is best preserved by rapid handling and also by 

sub-zero storage temperature, particularly if the prod¬ 
uct is to be held longer than two or three months 

(53 to 58). 

Fish 
Hie fishing industries have regarded the advent of 

freezing as their golden opportunity to expand market¬ 

ing in regions remote from seaboards. As freezing tech¬ 
nology has developed, frozen fish producu have in¬ 

creased in number and quality. Recent developments 
in freezing have involved consumer packaging and re- 

uil sale (59, 60, 61, 62, 63). The most imporunt prob¬ 
lem is probably that of storage of frozen fish in the 
vicinity of other foods. Freshly caught fish, processed 

before decline of rigor mortis, are actually inoSensive 

in odor. If thoroughly frozen and adequately padtaged. 

It would therefore seem possible to store fish with or 
near other foods Recently the first fishing craft with 
complete processing and freezing equipment have put 
to sea and, if these ventures prove successful, they may 
sbmulate further attention to the industry's major prob¬ 

lem, which is ability to handle the product with mini¬ 
mum elapsed time between catching and processing 

Shrimp, one of the most valuable as well as most dif- 
cult of sea foods to handle, would undoubtedly be 

benefited as an industry by freezing shortly after cap¬ 

ture (64, 65) As in other food indusuies, there is in¬ 
terest in frozen precooked fish products (66); thus it 
seems probable ^at the fish packer of the future will 
use low temperature (including freezing) for more pur¬ 
poses than in the past, and that he will produce a wider 

variety of finished products. 

Dairy Products 

The two recent major industrial developments that 
have affected most food commodities (namely, wartime 

dehydradon and pre- and post-war freezing) have not 
maritedly affected the dairy products industnes. Ice 

cream still outranks all other commercial frozen foods 
in volume. Powdered milks are well known in industry, 

and during the war studies of their compressibility were 
made (67) Frozen concentrated milk in small contain¬ 
er!, to be consumed after being defrosted, hat proved 

feasible and may find use, for instance, on ships. Both 

butter and cheese can be dehydrated or frozen without 

harmful effect. Recent trends in butter suirage are 
toward lower temperatures than were previously used. 

Butter is now commonly stored at 0°-10°F., and some 
technologists recommend sub-zero tempeiaturea 

Despite the minor imporunce of ^hydration and 
freezing in recent dairy sctence, there is no dearth of 

investigauve literature. A recent ctdlecdtm of absttacu 

of papen on milk published in 1946 includes 370 titles 

(68). Subjecu that indicate the nature of presenNiay 
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dairy research are deaerauon and its effects on vitamins 
and flavors of milk (69), stabilization of cream (70), 
heat treatment for butter (71), continuous methods of 
butter production (72). use of frozen curds in making 
cheese (78) ITiere has been some interest in proper 
temperatures for the curing of cheese (74), and pas¬ 
teurized milk IS now recommended for cheese manu¬ 
facture Shortage of sugar caused some problems in the 
storage of sweetened condensed milk during the years 
of sugar shortage, and the question whether cool stor¬ 
age would be advisable for all condensed and evaporated 
milk IS being considered 

Vegetables 

A detailed report on wartime vegetable dehydration 
and the efforts of research and industrial agencies to 
improve and perfect dried vegetable products would re¬ 
quire many pages Probably the whole large effort can 
be summed up as follows* Large quantities were 
produced and used, and the supply problems due to 
shortages of tin and steel for cans and also sliortage 

of shipping space were relieved Problems of deteriora¬ 
tion, however, persisted, and the general course of re¬ 
search revealed that these problems could be solved 
only by such measures as (1) further reductions in 

moisture beyond those easily obtainable in existing 
equipment, (2) applitations of bisulfite solutions with 
some vegetables to control darkening, and (3) packing 
in carbon dioxide or nitrogen in order to reduce 
oxidation It was necessary that wartime dehydration 

products undcigo severe storage and handling condi¬ 
tions, such as long-term stockpiling and often high tem¬ 
peratures and humidities These requirements imposed 
stringent standards in production 

A general manual for processors of dehydrated vege¬ 
tables and fruits (particularly the farmer) was pub¬ 
lished in 1944 by the U S Department of Agriculture 
(75) A number of State Agricultural Experiment Sta¬ 
tions also issued advice and conducted studies, and in 
England a planned program was undertaken (76) At 
the end of the war, when government contracts were 
largely reduced or canceled, research was still under 
way. It IS unquesuonably true that superior products 
can be manufactured now, as compared with those 

available at the beginning of the war A new and stable 
vegetable dehydration industry would, however, require 
improved equipment and definite peacetime marketing 
advantages. Of the vegetables, white potatoes now seem 
most suitable for development as a new dehydrated 

product. 

A major concern in vegetable dehydration was the 
necessity for inactivation of enzymes in the cut vege¬ 
tables by steam or hot water blanching or by treatment 
with bisulfite. A noteworthy exception is onions, which 
require no blanching and have been a stable dried 
pr^uct commercially for many years. Blanching was 
closely related to government purchase spedfications, 
and adequacy of blanching was determined by tesu for 
encyme activity. Research workers found continued dif¬ 

ficulty in distinguidiing and meaaunng the effects of 
latent enzyme activity, moisture content, and oxygen 
tn the container. The best producu, so far as keeping 

quality is concerned, are those with the lowest moisture 
content and least oxygen in the container. Potatoes (77, 
78, 79, 80, 81, 82) were the most important dehydrated 
vegetable and were the most extensively studied Sweet 
potatoes were also important (83, 84, 85), but not much 
more so than carrots, cabbage, and beets Other vege¬ 
tables were studied to some extent and also soups (86, 
87, 88, 89, 90). 

The benefits of food technology of the vegeuble de¬ 
hydration program lie in the sound knowledge obtained 
on processing requirements and on the nature of the 
detenoration in vegetable products than may occur if 
processing requirements are not met 

Conuneraal freezing of vegetables, begun about 1930, 
has advanced in step with the commercial freezing of 
fruits It IS evident now. however, that superior quality 
(the fresh, pronounced flavors and colors and excellent 
retention of nutritive factors), so much talked of earlier, 
must be abundantly present if the industry is to gain 
ground as rapidly as in its early stages One problem of 
imp<>rt.uice, particularly with peas (the most important 

fiorcn vegetable), and alto witli lima beans, is the ac- 
(juisition and grading of the raw product (91, 92, 93, 
94) Freezing does not make the product uniform, as 
canning tends to do The product must be uniform and 
excellent when it is harvested This requirement places 
added responsibility on the producer and, in fact, many 
of the more successful processors of frozen vegetables are 
actually engaged in farming 

One of the frozen food journals is attempting in a 
senes of articles, each on a single product (95, 96, 97), 
to cover all steps in frozen vegetable (and also fruit) 
production from seed selection to retail sale The book 
by Tressler and Evers (9) encompas.ses the subject of 

Irce/iiig technology in an excellent manner The West¬ 
ern Regional Research Laboratory of the U 5 Depart¬ 
ment of Agnculture has attempted to list technical pub- 

Volumatnc iiUar tuma out 100 eaitona of baoua par nilnj 
earteas cu* automatically cloaod and aoalod. 
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liranons on fruit and vegetable freezing (126) One of 

the iniiKirtant processing problems is blanching to in- 

artisdte enzymes (98. 99, 100, 101, 102, lOS) The ex- 
traoidinary attention paid to this problem, as evidenced 
by the number of publications. Is laigely due to efforts 

to find an objective test for adequacy of blanching 

Other problems are those related to speoiic vegetables, 
some of which, for one reason or another, are not well 
adapted to freezing Methods of freezing (104) have 
been considered, and fast freezing is gaining preference 

for no apparent better reason than economy in use of 

equipment Packaging trend is toward those materials 
With greater resistance to moisture vapor, such as metal 
fdlls, and adoption of the hermetically sealed can or jar 
may be in the offine. 

Leaders in the industry have discussed the future of 
frozen vegetables and other foods quite seriously dur¬ 

ing the recent months of marketing difficulties, and for 
the most part have reaffirmed their conviction that slow 

growth based on really distinguislicd quality is the only 
sound “philosophy" for the future 

111 the vegetable canning industry die increase in 

packs of juices has been a noteworthy development Can- 

ners are concerned with such problems as vitamin re¬ 
tention (104), testing raw products for maturity (105, 

106), other quality factors (107). and new products 

such as mung bean sprouts (108) In the Pacific North¬ 

west some canners have adopted a froth-flotation methcxl 
for the removal of nightshade berries from canning peas 
(109, 110) 

During the war years there was interest in bnning of 

vegetables as an alternative to dehydration (III, 112), 
particularly as a household measure 

Producers of fresh vegetables, shippers, and associa¬ 
tions of producers and shippers arc aware that improved 

practices will hold their markets, protect them against 

inaeased selling of processors, and enlarge their share 
of the consumers' dollar Particularly in southern' and 

southwestern regions of the United States, but also in 

northern regions of large production, there is interest 
in prepackaging of fresh vegeubles (and also other 
products) in consumer-sized units with refrigerated han¬ 
dling ail the way to market Improvements in packaging 

materials and machinery in refrigerated transport and 
in distribution and retail equipment seem to offer 

promise of progress in this direction Savings in lowered 

shipping costs and from reduction in wastes must off¬ 
set the increased costs of packaging and handling (IIS, 

114, 115). There is continued interest in new chemical 
preventives of deterioration in fresh products, one of 

the most recent being the methyl ester of naphthalene 
acetic aud for control of sprout growth in potatoes 
(116) It IS still undeigoing tnalt. 

Fiuils 

It was anticipated by some observers that the fruit- 

dehydration industry would gain some new and im¬ 

proved technology from wartime investigations in the 
drying of vegeubles. Fruit dehydration (both sun dry¬ 
ing and mechanical drying) is, however, a well esub- 
lished industry and the techniques have not undergone 

major changes recently Tlicre is consunt ctEon toward 

improvement and there is interest in such matters as 

steam blanching in addition to, or in place of, sulfunng 

and in better handling generally (117, 118, 119) In¬ 
terest was created during the war in foods processed 

from dehydrated fruits such as bars and spreads (120). 
Reprocessed dried apples, ground and dried further, 

were produced and gained ready acceptance More re¬ 
cent tests have shown that most dned fruits are better 
if stored at temjzeratures lower than room temperature 

and with moderate to low humidity Cold storage offers 
protection against changes in color and flavor, sugaring, 

and development of insect infestation 
Theie was lively interest in the possibility of pro¬ 

ducing fruit and also vegetable powders during the war 

and that interest has continued The problem of ob¬ 

taining a free-flowing stable powder in commercial 
equipment has not been completely solved, although 
lietter understanding of the nature of the problem has 

been gained (121, 122, 12S, 124, 125) Some of the 
processes investigated have involved vacuum concentra¬ 

tion and other methods, in addition to spray drying, 

and final products have varied from flakes to powders 

to thick coiuentrates It seems unlikely, from research 

on diietl cubed vegetables and egg powders, that a 

product can be made that will tolerate exposure to air 

,ind higher temperatures 
Fiuit freezitig investigations have created a substantial 

body of technical and semi-technical reports (126, sec 

also 9) As with vegetables, a fund.imcntal problem is 
the pre-treatment to control discoloration and other 

types of deterioration Whereas scalding or blanching 

IS the rule for vegetables, the same treatment, or as an 

altei native, treatment with sulfurous acid, bisulfite solu¬ 
tion, ascorbic acid, or ascorbic and citric acid is common 

with fruits Each of these methods is under investiga¬ 

tion, singly or in combination with others (126, 127, 128, 
129, 180, ISl) Ascorbic acid has received the most 

attention recently, since it is a valuable nutritive sub¬ 

stance (vitamin C) as well as an effective antioxidant 

The addition of calcium chlonde to the dipping bath 
for apples has resulted in firmer texture for both frozen 

and canned product (132), and this method may result 

in increased use of varieties like McIntosh and Delicious, 

which are naturally soft, in the pie trade. 
llierc are many reports of experimental work with 

varieties and methods. State Agricultural Experiment 
Stations in areas of heavy fruit production, such as 

California (ISS, 134, 135), Washington, New York, 

Michigan, Louisiana (136), and others, have reported 
results Studies on vitamin retention (137) are less fre¬ 

quently engaged in, because the general fact of ex¬ 

cellent vitamin protecuon in good-quality, well han¬ 

dled frozen products is widely recognized. Frozen food 

processors, firmly aware now that they must specialize 
in individual crops to the extent of controlling produc- 

'tion from the seed and soil stages on through harvest, 

processing and sale, have become interested in com¬ 

plete individual crop information (138). 
It is fairly easy to account for the intense and wide¬ 

spread interest in frozen juices, frosen concentrated 

juices, frozen purees, and in products made from these 

materials, such as jams and jellies. One reason is the 
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in<irked success of canned juices, particularly juices of 

tomato and gnipefruit, which are good sources of vita¬ 
min C Another is the important economic factor of 
waste utilization, juices and purees can be made from 

lower grades of fruit Still another is the fact that some 

of these products find a ready market in the jam and 
jelly, baked-goods, and ice cream trades 

The usual problems of quality, pretreatment, sanita¬ 
tion, speed, freezing metliod, packaging and storage fare 

the packer of juices and purees In addition he must 

deaerate the product or avoid the incorporatiun of air, 
and must protcet the "fresh” flavor by use of as little 

heat processing as possible (139, 140, 141, 142, 143, 144, 
145, 146, 147) Excellent frozen fruit purees and prod¬ 
ucts of puree can be made, but the process requires 
rigid, painstaking control Increase in volume is de¬ 

pendent on progress in the application of closely con¬ 

trolled technique 

Canning remains the large-volume method of pre¬ 
serving fruits, fruit juices, and purees and jams There 
IS no definite trend toward decline in glass packing from 

its wartime peak, and there has been no clear-cut 
demonstration of significant supcrionty of either glass 

or tinned containers for heat-sterilized foods Such meas¬ 
ures as use of ascorbic acid to enrich the product and 

reduce oxidation discoloration, and calcium chloride 

dipping solution to firm the texture, arc applicable in 
tanning as well as freezing (148, 149, 150, 151, 152. 153, 
154, 155, 15b) Clarification (154) and avoidance of 
sediment (149) are easily achieved in canned juices. Al¬ 
though no conclusive evidence is available in the tech¬ 

nical literature, it seems possible and perhaps highly 

probable that tro/cn food packers will use cans in the 
future and tliat the canning trade may make use of 

lower temperatures in the storage and handling of their 

products 

Advarues in the Food Industry 

Many observers have predicted a gradual merging or 

closer association of the two processes in actual indus¬ 
trial operation A comprehensive view reveals that 
canned orange juice, as one example (157), is protected 

against change when stored at 4(I°F.. that some freezers 

are beginning to use cans, that refrigerated transport, 
storage, and retail facilities are increasing and being 

improved, that air conditioning in retail and wholesale 
establishmenu is arriving; that canned milk and meat 

products have been protected from loss by freezing—in 
short, although the conclusion is still speculative, the 

industrial demarcation between low temperature and 
heat sterilization as protec lives is disappearing This 

comprehensive view suggests immediately, of course, that 

a great deal of research is necessary in order to deter¬ 
mine for each product the optimum conditions for 

optimum quality. 

In the fresh fruit industry there is less interest in 

prepackaging in consumer units than in the fresh vege- 

ubie industry, but it is expected that retailers who 

handle vegeubles thus prepared would also want fruits 

timilarly packaged for display. As a result of increasing 

use of sound practices in apple storage, fresh applet are 
available in all months, and apple growers are con¬ 

stantly striving toward better methods Circulation of 

air through canisters of activated carbon (158) offers 
promise as a method of removing odors, ethylene, and 
the "scald gases" that cause apple scald The use of 
"hormone” sprays to control harvest dropping has re¬ 

sulted in some storage trouble, but it can be avoided by 
carefully planned harvesting and marketing The great¬ 
est single difficulty recently has been excessive bruising 

which lends added interest to new packaging ideas 

Citrus growers would find an advantage in better 
metliods of storage (159) to prolong the market season 
for fresli products, and it is possible that control of 

gaseous emanations will eventually prove helpful, along 
with surface treatments and packaging Hydrocooling 
(160) may find greater applicaUon, it is, essentially, 

washing in ice water and like many otlicr methods ap¬ 
plicable if suffiiient advantage can be found to justify 

added cost 
Olives arc the chief fruit packed by pickling (161, 

162) Advances recently in olive packing, the nut in- 
dustiy, and in tropical fruits such as bananas (163) 
have consisted principally of "streamlining”—that is, 

improved machinery and handling equipment to offset 

nsing labor costs 

Frozen Precooked hoods 

Freezing technology has encouraged the belief that 

frozen precooked foods, practically ready to serve, can 
develop a large market, much larger than has been 

achieved by ready-to-serve canned or dried foods, such 
as soups It IS a conservative estimate to say that hun¬ 
dreds of recipes for ccxiked dishes have been subjected 

to freezing in the hope that hotel fare could be brought 
conveniently into homes, restaurants, dining cars, air¬ 

planes and steamships Initial failures, of which there 

have been many, do not preclude eventual success. 

Problems of deterioration, especially rancidification and 
bacterial contamination (164, 165), and also problems 
such as freezing method and rate, reheating, packaging, 

defrosting and loss of aroma and flavors (166, 167, 168) 

have risen to plague those who have felt too confidently 
that the freezing method is fool-proof Frozen pies, ac¬ 

cording to recent comment, are succeeding, along with 

several others, for example, chicken a la king Frozen 

preccxzkcd focxls are being used to some extent on air¬ 
liners A great deal of research will be necessary (169), 
however, because each fcxid will probably prove to have 
special requirements 

Gelling and Sweetening Agents 

The recent technical rejzorts on pectin are numerous 

(170, 171, 172, 173, 174). and they reflect the fact that 
the market for gelling and thickening agents is large, 

both presently and potentially Other products of a re¬ 
lated nature are starch (175, 176, 177), gelatin and 
glycerine (178) It seems possible that low-methoxyl 

pectin (174) will become more imjiortant because of 

itt ability to form stable gels with low concentrations 

of sugar Partially de-e$terified jzectin must, however, be 
produced at low enough cost to become competitive 

with other gelling agents, and present methods are 

costly. 
Wartime shortage of sugar has stimulated interest in 
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new sweeteners (179, 180, 181, 182), and in methods of 
processing that reduce sugar requirements Enzyme con¬ 

verted corn syrup has been recommended as a sweet¬ 
ener, with apparent success, in frozen foods, however. 

Its general use in this connection is an open question 

and one that is presently receiving considerable atten- 

Packaging 

The subject of packaging, if judged by the number 
of articles published, is one of the most important in 
food technology Wraps and packages serve many pur- 

, poses—from protection of apples against "scald gases" 

to advertising of brand. Packers of many foods have 
striven tor novelty in colors, shapes, closures and other 
features Consumers sometimes criticize (183) and tech 

nologists urge further study (184, 185, 186, 187, 188), 
especially in the direction of functional characterisucs. 

One writer has pointed out that wartime packaging 

(189) has set standards of effectiveness that might well 
be followed Undoubtedly the important position given 

currently to packaging is due to several factors—the new 

dehydrated and frozen foods, especially the war and iu 

demonstration of the value of good functional pack- 
aging, mounting costs and the new mechanical han¬ 
dling that centers attention on the pallet load as a 

unit. 

Dehydrated foods (190. 191, 192, 193, 194) have re¬ 
quired that attention be given to effective sealing, re¬ 

moval of air, and replacement of air with the so-caUed 
inert gases, nitrogen or carbon dioxide In effect these 

requirements have demanded good-quality cans Pack¬ 

ages of less rigid effectiveness have not proved ac¬ 

ceptable for dehydrated foods In a sense this type of 

packaging is a logical final step in processing, just as the 
hermetic seal is one of the final processing steps in can¬ 

ning In wartime dehydration there were some attempu 
to avoid this requirement, but always at a sacrihce of 
product quality. 

In the brief history of frozen foods there is evidence 

of growing realization that packages cannot fall short of 

doing the utmost possible to protect the product. Two 
reasons why frozen food packers do not use cans or 

glass are (a) the desire to show a marked difference 

between heat processed and frozen foods, and (b) the 
danger that canned or glass packed frozen foods might 

be allowed to thaw and spoil as a result of confusion 

with heat-processed focKls Although frozen foods are not 

known to have been involved in any case of poisoning 
by the toxin of Clostndtum botulism (195) the fear 

that canned frozen fotxls might lead to such difficulties 
has been a compelling deterrent to the use of cans. 

Glass jars are extensively used by frozen food locker 

patrons who pack chiefly their home-grown produce. 
Commeraal packers, however, have used a wide variety 

of materials, ranging from waxed paper, cardboards, • 

laminated sheeu, glassines and various cellophanes to 

rubber Hydrochloride films, foils, and wax dip coaungs 

The functional standards set up by technologists have 
dtown that excellent packaging means impermeability to 

moisture vapor at subzero temperature, as mudi exclu¬ 

sion of air from the package as possible, resistance to 

damage, ease of handling, and adaptability to mechani¬ 

cal filling (196, 197, 198, 199, 200, 201, 202, 203, 204, 
205, 206, 207, 208, 209, 210, 211, 212, 213). Another 

“must" in packaging is ability to carry the brand name 

and labeling data attractively It would seem apparent 

that careful consideration of materials and functional 
standards leads directly toward the tin-plate sealed can 

or the scaled glass jar There arc, however, other effec¬ 

tive and attractive packaging materials, and it seems 

only reasonable at present to say that packaging is one 
oi the changing phases of a rapidly moving and com¬ 
paratively new food processing industry 

Packaging in processing industries other than freezing 
IS a matter of perhaps minor concern, other processors 

are. of course, adopting some of the newer non-ngid 
materials (214) Finding the most appropriate pack¬ 
aging material for prepackaged vegetables and fruits is, 

however, proving to be a major problem (215, 216). 

This problem differs from that of frozen food packaging 
in one important aspect—the fresh vegetable and fruit is 
a living, respiring substance The package must be 

adapted to this characteristic of the fresh product, and 

It must meet odier requirements, particularly it must 

permit mechanical application 

The rapid trend toward mechanized handling has 

shown a need for better bulk packages, better cases and 

crates and greater uniformity in sizes and shapes Break¬ 

down of crates and cases is a source of severe losses, 

and It IS anticipated that full development of pallet and 
lift truck handling, with its savings in labor costs, 

will provide economic jusUfication for better bulk pack¬ 

aging 

Santlalton 

The constant striving of food industries toward con¬ 

trol of health hazards and toward improvement in qual¬ 
ity through sanitation and reduction of contamination 

IS evidenced by the large stream of technical literature 
Each year’s studies and commentaries cover such sub¬ 

jects as surveys of foods being consumed (217), gov¬ 

ernmental sanitary codes (218), methods of making 
routine sanitary investigations (219), water supply 

(220), and new detergents and disinfectants (221, 222) • 
Generally, it has been exjzected that post-war recon¬ 

struction and development would offer opportunity for 

improvements in sanitation Undoubtedly the experi¬ 
ences of war food production revealed opportunities 

for improved sanitation and called attention to laxities 

in practice Sharpened interest in economy has also led 

processors and handlers to re-evaluate some of their 
sanitary practices and estimate their effecuveness New 

deteigents are available and also new sanitizers Of the 

latter, the quaternary ammonium compounds have 

aroused most interest (222) because of their effective¬ 
ness in combatting spoilage otganisms and also their 

"residual effect”—that is, their ability to protect a sur¬ 

face during more than a brief period. Ultra-violet light 

and gylcol vapors are being considered for use in food 
etublishments as means of disinfecting atmosphere, and 

their practical eSecdveneis being tested and disctmied. 

Similarly, the use of oione is being debated; oaone h 

recognized particularly as a fungicide, bat healdt eodei 
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restrict the concentration because of hazard to woikers 
Sanitation, as a matter of course, requires constant edu¬ 
cational effort and those who discuss the subject publicly 
usually emphasize regular and persistant "house clean¬ 

ing" with attention to a ngid and effective schedule 
New recent research has included studies of preserva¬ 

tives (223. 224, 225, 226, 227), although few preserva¬ 
tives are permitted, and new ones must undergo thor¬ 
ough consideration by Federal authorities before per¬ 

mission for use is granted. Certain pathogenic oiganisms 
continue to be studied (228, 229, 230, 231, 232, 233). 
Staphylococcus food poisoning is at present a matter of 

' spiedal concern, and will be investigated thoroughly 

Salmonella infection in eggs (42 and othen) is also 
being studied, particularly to determine the extent of 
survival of the pathogens in dried and frozen egg 
products. 

Within industries, and within plants, bacteriologists 
and sanitarians have made many studies—on frozen foods 
(234, 235), dried prunes (236), fruit juices (237), poul¬ 
try, wine, and others (238, 239, 240, 241, 242, 243, 244, 
245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 
257, 258, 259, 260, 261) 

In the field of insect control, the most important 
development has been the application of DOT 
(dichiorodiphenyltnchloroethane), which has gained 

wide recognition as an effective insecuade New in- 
sectiades are being sought, however, in order to avoid 
the mild toxiaty of DOT and to destroy certain insects 
against which it is ineffective New rodent control prod- 

ucu are also being developed, for example, Autu, a 
proprietary product recently admitted to use in food 
plants by the U S Food and Drug Administration (262 
to 264) 

Wastes and By-products 

Disposal of wastes has continued to be a busdensome 
and exjsensive task in food processing plants, particu¬ 
larly in fruit and vegeuble planu, because wastes there 

are voluminous (265, 266) An important phase of the 
value of any byproduct industry it lU avoidance of cost 
of disposal Disposal in tlreams, the least expensive 

method, results in pollution of the stream and thus 
creates problems. Use of lagoons for liquids and vari¬ 
ous methods of spreading solid wastes on land are costly 
and a constant nuisance Salting and pickling plants 
present speaal problems, because salt contaminates 
streams, wells, and soils (267). 

For vegetable wastes-that it, wastes that are not too 
sloppy-drying for use in feeds is a possibility, and some 
wastes such as pea vines can be ensiled. These dried 
producu properly handled yield feeds of hig^ nutii- 

uve value, and undoubtedly the full values of such 
feeds have not been utilized (268, 269, 270. 271). 

Recent years have witnessed intensive interest in by-, 

producu from wastes and low-grade raw producu. Four 
regional research laboratones created by an Aa of the 

United States Congteu in 1938 are devoting considerable 
attention to such objectives (272). Among new by- 
producu under oonsidmtion or actual pioductlon azc 
apple syrup (273), apple essence (274), syrupa hom 

grapes and raisins (275), yeast from pear canning wastes. 

molasses and other high-sugar-content wastes (276, 277), 
urtrates and grape wastes (278, 279, 280, 281), and 
bacteriological media from asparagus juice (282, 283). 
New culture media and facton in culture media have 
contributed conspicuously to the growth of the anti¬ 
biotics industry Most important development of this 
sort hat been the introduction of corn steep liquor (an 
agricultural waste product obtained from the wet mill¬ 
ing of corn) into media for the growth of Pentcilltum 

notatum, which produces penicillin (284) 
Some fruit wastes tan be dried, like vegetable wastes 

mentioned above, as stock feeds (285). Purees and juices 
of fruits (mentioned under FruiU) constitute an outlet 
for low-grade fruits with large opportumty for develop¬ 
ment Low-methoxyl pectin (also previously mentioned) 
promises greater usefulness for apple and atrus wastes 
By-products of cereal crops of recent development in¬ 
clude furfural from hulls of grain and corn cobs Soft 

gnt for use in cleaning machine parts, made from corn 
cobs and grain hulls, and alcohol for fuel and other 
uses are among several possibilities from grain wastes 
A general summary of research on wastes in the U S 
Department of Agriculture is available in the annual 

reports of the Bureau of Agricultural and Industrial 
Qiemistry and m the Yearbook of the Department for 

1947 (286, 287). Much of this research it basically chemi¬ 
cal and microbiological in character and is yielding con¬ 
siderable new infcimation on sources of valuable ma¬ 
terials and chemical compounds Development of in- 
dustnal uses does not necessarily follow quickly, and 

may not follow at all, because of economic factors The 
investigation is, however, necessary in each case in 
order to fay the groundwork for ultimate solution of 

the problems 
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Plants, Mechanical Equipment, Testing Devices 

and Methods 

Plans and ideas for the construction of the wholly 
new or the remodeled plant appear infrequently in 
technical and trade journals. The subject is one of im¬ 
portance, however, because new developments are tak 
ing place The question whether to build a multi-stoned 
or one-floor plant or storage is affected by new methods 

of mechanical handling Fork-lift trucks and pallets have 
given the one-floor plant, with high ceilings for storage 
space, distinct advantages, which are offset only by high 
value of land in certain locations New plants will make 
sanitization much simpler, through application of new 
sanitary engineering principles in construction Increas 
ing use of air conditioning and refrigeration has centered 
attention on construction of walls, ceilings, and floors in 
which adequate insulation (287a) and moisture barrier 
will be provided The location of plants is affected 
by the newer and better trucking facilities, rather than 
by water and rail facilities only, as in the past Processing 
and to some extent storage plants can now move more 
closely to remote production areas, because truck trans- 
jiortation, wider distribution of power lines, and better 
highways have in effect brought those areas mure closely 

in touch with the large railway centers Similarly, in 
metropolitan centers trucking facilities have extended 
the range of usable plants sites and increased the com 
petitive advantage of those more remote from the cen¬ 
ter of the metropolitan districts Mobile processing 
mechanisms, such as freezers and field hydrocoolers for 
fresh produce, are receiving consideration, but have de¬ 
veloped only to a minor extent While general principles 
of new plant location and construction are not discussed 
frequently in journals (288), engineering consultants 
have given much attention to them, and new planu are 
"modern” in many respects, particularly those mentioned 
above A number of State Agricultural Experiment Sta¬ 
tions, and also the Tennessee Valley Authority (289), 
have published plans for frozen locker storage plantt 

Beef axlrael powder and elhor inyrodioBla «• made into 
beulUea euboa and aulematteally wioppod. 

Plans for buildings and equipment, with flow dia¬ 
grams, for vegetable dehydration plants of various 
capacities were made available during the war by the 
U S. Department of Agriculture (75) Additional de¬ 
signs for equipment and data on dehydration rates for 
vegetables (290) to be used in design of equipment are 
available at the Department’s Western Regional Re¬ 
search I.aboratory (Albany, California) on request. In¬ 
formation on dehydration techniques and equipment 
fnim other sources is also available (291, 292. 293, 294, 
295), particularly on equipment or methods other than 
the commonly used tunnel and cabinet dehydrators. 

.Systems of freezing vary considerably (296, 297, 298, 
299. 300, SOI). although there are only three main types, 
distinguished by medium through which heat is re¬ 
moved—that IS, by contact of the product with air, 
metal, or liquid The next few years will undoubtedly 
produce much new research directed toward elucidation 
and evaluation of principles and methods Numerous 
recent patents on freezing devices suggest the term 
"pioneering" to describe the present status of food 
freezing equipment In the field of refrigeration equip¬ 
ment the new Freons (302) are finding wider applica¬ 
tion as refrigerants and the direct expansion is preferred 

in some cases over the bnne system Refrigeration equip¬ 
ment manufacturers predict an expanding market for 

freezing and air conditioning machinery, for cold stor¬ 
age cases and space in retail and wholesale food estab¬ 
lishments for refrigerated trucks and rail cars, and for 
all sorts of refrigerated equipment on ships 

The tedious hand labor steps in the preparation of 
foods continue to yield to new automatic machines, such 
as the fish filleting machine (SOS) Methods of peeling 
root crops have been studied extensively (504, 305, 306), 
but this problem deserves and will undoubtedly receive 
more attention Ways to save steam heat, to cool water, 
and in general to operate the processing equipment 
more efficiently are frequently reviewed (307, 308, 309, 
310, 311). Pasteurizing and deaeration are reported to 
be effectively accomplished for dairy products in a new 
mechanism (312) Deaeration and pasteurizing equip¬ 
ment has been required for the developing juice indus- 
mes. The newer equipment materials are suunless steels 
(SIS) . glass (314, 315). and plasucs (316) 

No one subject has created more interest than the 
applicaaon of high frequency heating to food processes. 

Research has endeavored to substitute electronic heat 
for every purpose for which heat is required, i e, for 
inactivation of enzymes, sterilization, and defrosting, 
and technical reports covering the subject are numerous 
(317). The progress of these studies has thus far re¬ 
sulted in primarily greater understanding of principles 
and problems rather than in actual applications (318, 
319, 320, 321, 322, 323, 324, 325) Improved ability to 

generate heat uniformly in food substances, which are 
structurally non-uniform, would rank as a great achieve¬ 
ment. The use of the electronic principle in grading 
eggs has been attempted (326). 

Devices and methods for objective measurement of 

grades and qualities are likewise important in food tech¬ 
nology. 'They are important both in grading raw ma- 
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tenals and in estimating quality of the final product 
For the quality control staff in a plant they are im¬ 
portant in following product changes during processing 
and storage Some metric devices are chemical, whereas 

others are mechanical (327, 328. 329, 330. 331) These 
tests and devices will undoubtedly continue to be de¬ 
veloped and used along with taste testing (also referred 

to as organoleptic testing and as psychometric tesung) 
War experience has led Quartermaster officials of the 

United States Armed Forces to initiate elaborate studies 
of his sort, particularly at the Food and Container In¬ 
stitute in Chicago, not only for the purpose of food 
eftaluation but also to create a substantial body of 

knowledge of food preferences and consuming habiu 
Equipment related to increase in comfort and effi¬ 

ciency of workers includes illumination (832, 353, 554), 
mechanized handling (335, 336, 337, 338, 339), and 
control devices and instruments (340, 341) These rep¬ 

resent modern efforts to improve the economy of plant 
operation and also to meet the demands of labor for 

better jobs and working conditions 

lUustralions were provided by Ameucan Iron 

and Steel Institute, International Nickel Co, York 

Corp, Fish Machinery Oorp, Dow Corning Corp, 

Goodyear Tire if Rubbei Co, Romanoff Caviar Co 
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CHAPTER XI 

GLASS, PORCELAIN AND CERAMIC INDUSTRIES 

by G. H . McIntyre 

Porcelain enamel is an inorganic glass-like material, 
fused to an iron or steel base at a temperature of usually 

between 1,100 and 1,600 deg The resulting coat has a 
smtHith, glossy surface and is lield firmly to the metal 

by both mechanical and chemical means 

Years ago the value of porcelain enamel lay in die 

beauty treated by it, today, ixirtelain enamel is usually 
thought of in terms ol the services that it renders Mod¬ 
ern lesearth, spurred on in the past few years by war¬ 
time necessity, has brought out a wider variety of use¬ 

ful properties of porcelain enamel than were recog¬ 

nized before New porcelain enamels, incorporating 
these superior cpulitics, are now available to manufac¬ 
turers, and It IS anticip.ucd that these enamels will con¬ 

tinue to broaden their apphcatiun for domestic, com¬ 

mercial, and industrial use 

.So many and so varied arc today's porcelain enamels 
that It IS necessary to regard the phrase as the family 
name of a large group, rather than as denoting a single 

substance In selecting a porcelain enamel, the manu¬ 
facturer specifics the condition under which his product 
IS to operate, and a porcelain enamel is selected for this 

service Thus, enamels may he chosen for resistance to 

abrasion or gouging, to acids or alkalies, to atmospheric 

corrosion, or to heat 

Since porcelain enamels are vitreous coatings fused 

to metal, the problems which have been encountered 

require consideration not only of the coating itself but 

also of the base metal, its fabrication and cleaning plant 
opcratiim and equipment, and the materials required 
in the enamel frit formulation as well as those used as 

mill additions Research in the porcelain enamel indus¬ 

try, therefore, is to a considerable extent a cooperative 
endeavor carried on in the laboratones of the steel com¬ 
panies, frit manufacturing companies, chemical supply 

houses, the universities, and in the form of fellowships 
provided by such industry-wide associations as the Por¬ 

celain Enamel Institute and the Enameled Utensil Man¬ 
ufacturers Council. 

The production of porcelain enamel and porcelain 
enameled articles was greatly curtailed during the war 

years. All frit manufacturers and most plants in the 
field devoted nearly all of their eSoru and manufac 

tunng facilities to war goods which seldom had any 

connection with porcelain enameling. In spite of this, 

progress did not cease and the frit companies, especially, 

were able to devote a considerable amount of their re¬ 

search energy and talents to the development of new 

finishes and tediniques. 

SHEET STEEL ENAJMELS 

Piosfd steel •.anitary ware was being produced prior 
to the (utbaiks lor war production and it appears that 

the future nianufaeturc of such articles will be extensive 
riiis tyjie of porcelain enameled article needs speaal 
ground coats and cover coats because of the long finng 
cycle required Developments have continued during 
the past several years and it can be now stated that 

lioth ground uiais and cover coats arc available which 
are especially adaptable to this type of ware 

Gtound Coats 

One of die most important contributions to the in¬ 

dustry IS the ground coat which will mature at the 
vimc time-tempcraturc cycle as that required for the 
average sheet steel cover coat Such a ground coat it 
particularly desirable for jobbing shops and those por¬ 
celain enameling sliops that utilize continuous fur¬ 
naces It eliminates the necessity of banking the 

parts to be fired in the ground coat, as these can be 
hung cm the furnace chain or fired in a box furnace si¬ 

multaneously with other parts being fired in cover coat 
In addition to the advantages of production gained by 
firing ground coat and rover coat at the same time, econ¬ 

omies are realized because of the low firing tempera¬ 
ture required for this type of ground coat. There is 
alw less warpage tendency, which often permits the 

product to be made from lighter gauge metal 
High .Speed Blue Ground Coat Prior to the postwar 

period, the enameling industry had for the most part 
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always considered as fundamental the axiom that the 

blue ground coat must be so compounded that subsun- 
tially higher firing temperatures would be required for 
its proper maturing as compared to those of the cover 

coat to be employed with it. This was true because of 
problems of sagging, pulling through of the ground into 
the white coat and generally unsatisfactory resulu if 
the maturing temperatures of the two types of enamels 
were made too similar. 

The fint major change in this situation came about 
in 1945, when blue ground coats were introduced which 
would mature at exactly the same time and temperature 

as the companion cover coat, with actually supenor re¬ 
sults as to resistance to normally expected ground coat 
defects This was not accomplished by raising the ma¬ 
turing temperature of the cover coat, but by so com¬ 
pounding the ground coat enamels that complete bond¬ 

ing to the metal base was secured at cover coat temper¬ 
atures without any of the heretofore expected defects 

This lowering of firing temperature immediately dem¬ 
onstrated many advantages to the stove designer and 

the enameler The designer could use lighter gauges 

because of less warpage, and the enameler could simplify 

his production by firing both cover coat and ground 
coat on the same furnace chain at the same time These 

advantages also applied to the box furnace operator, 
since banking of the ware was no longer required This 

type of ground coat has now been universally accepted, 
not only in the United States and Canada, but in 

Europe and England as well. 

The ground coat has been widely accepted dunng the 
past year and is used for many types of producu, in¬ 

cluding flatware, washing machine tubs and speaalty 
items. 

Cover Coats 

Formerly, porcelain enamel opacification was largely 

dependent upon fluorides fortified by considerable 
amounts of tin oxide added dunng the milling opera- 

uon Upon investigation, four other matenals showed 

promise as mill-added opaafiers—antimony oxide, zir- 

Photovoll Baflaetomatar for lha a 

conium compounds, titanium dioxide and arsenic oxide. 
The fourth named has been widely used as an opacifier 
in jewelry enamels, suiuble for use on sheet non. Tin 
oxide, although suitable, is too soluble in enamel 

glasses to be added to the raw batch. Dunng the decade 
1920-19S0 the antimony-opacified enamels were contin¬ 

ually improved and the opaafication greatly increased. 

From 1939 to 1946 the introduction and the develop¬ 
ment of highly opaque arconium-opaafied enamels 
made possible further improvements in covering power 
and decrease in application weight 

Zirconium Enamels The most important sheet steel 

enamel development during the past several years has 
been zirtonium-opaafied sheet steel cover coat porce¬ 

lain enamels. These have almost entirely replaced the 
former non-acid resisting antimony bearing enamels 
The advantages of zirconium over previously accepted 

super-opaque antimony cover coat enamels are wider 
finng range, greater coverage, improved surface texture 
and gloss, less sagging tendency and generally thinner 

coatings for the same degree of whiteness. 
Acid-Resistant Cover Coat Enamels The standard 

aad resisting enamels that were manufactured prior to 
the war arc still in use An entirely new development 

IS about ready for commeraal exploitation which is 

neither zirconium nor antimony bearing It is based on 
the use of titanium, both as a mill addition and m the 

formulation of the frit 
Titanium Enamels The comparatively new utanium 

opacified porcelain enamels have created a great deal 

of interest in this field. The fact that tliese enamels 
will produce suffiuent opacity (white covenng power) 
at 15 to IB grams per sq ft accounts for this general 
interest These enamels are mostly of the acid-resisung 

type, which widens the field of possible uses Satisfac¬ 
tory draining qualities of the utanium enamels at 18 to 
25 grams per sq ft. is another attractive aturibute. 

AVith these new porcelain enamels coming into pro¬ 
duction, it should be of interest to trace the progress 

of tlicir development As early as 1956, research invesu- 

gations indicated that opacification with titanium in 
the fnt was a possibility. The type of fnt wherein this 

possibility was noted was not commercial in any way. 
Previous to these studies there had been considerable 

interest in the use of titanium as a mill addition opaa- 

fier This interest was based on the known opaafying 
power of finely divided utanium dioxide and the 
assumption that this state of titanium dioxide could be 

maintained in the fired enamel when the titanium di¬ 
oxide was added to the mill. 

Investigations were continued until the outbreak of 

the war in 1941 and they established some of the re¬ 

quirements for opaafication with titanium. It may be 
assumed that practically all laboratories interested in 
the development of porcelain enamel frits had begun 

following some program of research on the titanium 
opacified type of frit by the outset of 1945. Production 

trials were made by at least one manufaaurer as early 

as March, 1945, and an enamel of the titanium opacified 
type was in actual commercial production by July of 

the same year. The excellent results obuined sumulated 
the interest of the industry and produced a demand for 
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this type of enamel to meet various prevalent operaung 
conditions Competitive frits soon appeared on the mar¬ 

ket and served to add still further emphasis to the de¬ 
mand 

The record of improvement in this type of enamel 

includes a more satisfactory white color, more aad re¬ 
sistance, and an operating range which allows a greater 

field of utilization for this enamel Among the ware be¬ 
ing enameled with these tiunium opacified fnts are 
hydrator pans, sanitary ware, hollow ware, elertnc light 

reflectors, table and stove tops Experimenul runs have 
been made on practically every item which is at present 
porcelain enameled with a white finish Most of these 
trials show much promise for the future of titanium 

opacified enamels The production of titanium opaci¬ 
fied enamels during the years 1945-46 made possible a 

reduction in application weight of 50 per cent over the 
best previous material, as well as increased surface hard¬ 
ness and a high degree of acid resistance. 

Economic factors such as the availability of raw ma¬ 
terials or shortages of other materials which are at pres¬ 
ent used for other types of white enamels will have 

their influence on this trend to the new type fnt At 
the present time there is a distinct possibility that the 

titanium opacified enamels can be adapted for use in 

the new one-coat-direct-on-steel The opacification ob¬ 
tained with titanium dioxide would make tins a desir¬ 

able type of enamel for such work 

One-Coat Fmtshes 

One-Coat White. Considerable publiaty has been 

given to the application of one-coat white finish directly 

to speaal types of steel It is important that the clean¬ 
ing and pickling operations be conducted under ex¬ 
tremely well-controlled conditions, in order that full ad¬ 

vantage might be gained from both the speaal steel and 

the enamels. 

Molybdenum Enamels The ever-present demand for 

a white porcelain enamel that can be applied directly 
to steel to yield a finish coat capable of meeting high 
inspection standards has fostered the development of 

molybdenum-beanng enamels over the past few years 

The unique properties of molybdenum compounds 
which permit their use as adherence-promoting agents 
and as opaafying materials have focused attention on 
their use in the development of one-fire white finishes. 

As early as 19S5 it was reported that the smelting of 
antimony oxide and molybdenum oxide in a frit gave 

some evidence of adherence Shortly afterwards it was 
found that a deposit of a hydrated sub-oxide of molyb¬ 

denum formed by electrodeposition on the surface of 
sheet steel caused a white enamel to adhere tenaciously. 
Kautz studied a number of antimony and molybdenum 

compounds and their applicauon in both clear and 

white enamel compositions In a series of papers pub- 

lidied in the Journal of the Amertcan Crranuc Society, 
he describes white enamel compositions which have an¬ 
timony and molybdenum smelted in tlie fnt. These 

fritt a^ere to sheet steel without mill addition adher¬ 

ence-promotion agents. Among the enamels described 
are white ground coats, non aad-resisting cover coats 

and add-resisting cover coats lliese enameb were de¬ 

signed to be fired in the same temperature range as 
commercial cover coat enamels 

Another development of interest is based on the use 

of molybdenum and antimony compounds as mill addi¬ 
tion adherence-promotion agents in commercial cover 

coat enamels For example, commercial zircon cover coat 

enamel under proper conditions of firing will adhere 

to some enameling steels when milled with barium 
molybdate and antimony tnoxide Generally, nickel 
flashing IS essenual to obtain adherence with this type 

of enamel, although all steels will not produce adher¬ 

ence under these conditions In general, the adherence 
of cover coats processed in this manner does not com¬ 

pare with the adherence obtained with enamels which 
have molybdenum and antimony as an integral part of 
the fnt 

Molybdenum has played an important part in the 
development of one-coat white finishes which can be 
fired at lower temperatures than conventional cover 

(oat finishes These enamels contain molybdenum as an 

integral part of the frit and may or may not contain 
antimony They are designed to fire at temperatures rang¬ 

ing from 1,250 deg to 1,400 deg F., and adhere to a 
wide vanety of nickel-dipped steels At application 

weights of 45-50 grams per sq ft reflectance valued in 

the neighborhood of 70 per rent are obtained 
Molybdenum enamels are being used commercially 

in a limited and experimental manner at present Their 

thief advantage is that they provide a one-coat white 
finish which will adhere to steel The higher cost of 
materials required to produce molybdenum enamels 

netessarily increases their relaove cost, but considerable 

compensation for this may be had in a reduction in the 

number of firing operations and in a potential lowenng 
of firing temperatures A single firing operation will 

provide additional compensation in increased produc¬ 
tion 

Regardless of the commercial aspects of molybdenum 
porcelain enamels, it should be recognized that expen- 

entc with them has afforded information and stimuli 
valuable lo the advaniement of the technology of one- 

coat white finishes applied directly to steel 

One-Coat Colon 

It IS now also (xissible to produce dark colors (blues, 

greens, grays, and browns) in one coat directly on sheet 
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steel These colors can be grained or stipled, if desired 
They develop excellent gloss and good surface charac- 
tenstus, as well as gixid bond 'I'hey are suitable for 
many arcliitei tural and corrosion resistant purposes, for 
oven liners and other applications where dark colors 
arc suitable 

Low-Temperature Enamels 
There is keen interest in the work being done to 

formulate porcelain enamels that will mature or fuse at 
temperatures lower than the 1,51)0-1.600 deg T re¬ 
quired for conventional types .Such low-fired enamels, 
if Icasiiile, would help products which have been highly 
stressed by forming operations to hold their shape when 
subjected to enamel-fusion temperatures It has already 
been |x>inted out that molybdenum enamels now figure 
prominently in the low-finng group 

Coating Thukness 
4nodiei goal toward which the porcelain enamelers 

arc working is thinner coatings Reducing the thickness 
of the coatings is desirable primarily because it lowers 
tost of application and increases serviceability The 
thinner coating makes jxissible greater flexibility and 
impact resistance, thus permitting a wider range of 
product design Today’s improved porcelain enamels 
and impioved enameling irons have permitted the es¬ 
tablishment of specifications fur ordinary work of 0 015 

STAINLESS STEEL ENAMELS 

The term "stainless steel” is used rather loosely to 
include any or all of the metals and alloys which resist 
corrosion and chemical attack 7his term is probably 
more often used to designate the types of stainless steel 
containing ap)>roximatciy IR per cent chromium and 
8 }>er tent nickel, commonly called "18-8 stainless” 
Thcn'c are several types of 18-8 stainless having basically 
the same chemical composition, but varying in the per¬ 
centage of impurities and in the materials added as 
stabilizers. 

Commercial enamels can be applied to some of the 
stainless steels These steels being non-gasing, the re¬ 
sults are most satisfactory The hazard of fish scaling 
IS completely eliminated, surface imperfections are min¬ 
imized. and the firing range is wide as compared to the 
same enamel applied to normal enameling iron TTie 
following observations are pertinent to stainless steels 
suitable for enameling. 

Adherence developed by zirconium cover coat enam¬ 
els applied to sandblasted stainless steel is comparable 
to that developed by normal cobalt ground coats on 
enameling iron Ground coat enamels adhere just as 
tenaciously as do the cover coat enamels 

Sandblasting stainless steel gives a surface that is 
readily enameled Sandblasting is an expensive opera¬ 
tion and most manufacturers would prefer to clean and 
pickle in tank baths. Pickling stainless steel for porce¬ 
lain enameling has offered a considerable problem. The 
18-8 stainless steels listed above can be pickled in strong 
oxidizing acids. 'The strength of the add must be in¬ 
creased for the more resistant types. The pickling time 
IS criucal and must be sufficient to give considerable 
etch. A white cover coat enamel applied over a pi<Med 
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surface is inclinec] to develop spotty adherence, and ad¬ 
herence may be lacking altogether There i$ some evi¬ 
dence to support the hypothesis that the mill procedures, 

necessary in producing stainless steel sheets, develop a 
skill effect which is detrimental to enameling Sheets 
with a bright or polished surface will be more diflicult 

to prepare than sheets which have been mill pickled 

riicre are certain inherent advantages gained where 
stainless steel is used foi porcelain enameling to replace 
icgulai enameling* iron The advantages are 

1 A lighter gauge metal may be used due to the 

greater strength of stainless steel ,»t room and ele¬ 

vated temperatures, and the resistance to s.igging 

2 1 he ground coat can be eliminated, saving the 
cost of material, application, and firing 

.*1 Stainless steel is non-gasing and rejects will be 
ininiiiii/ed by eliminating fishscaling, ancl any blis¬ 
tering oi topperheading due to occluded gases 

1 The elimination of the ground coat reduces the 

oserall enamel thickness thereby reducing the haz- 

aid of failute from mechanical shock 

5 Sharp edges, winch cannot be coated with any de¬ 

gree ol assutaiicc, are not subject to corrosion at 

normal temperatures m normal atmospheres 

b Lnameled stainless steel paits may be subjected to 
more repeated firings ,it higher lempcraiures with¬ 

out oscr-finng 

7 Ceramic coated stainless steel parts are less sub¬ 

jet t to corrosion and subsequent deterioration when 
such parts are subjected to excessive temperatures 

R Unique decorative effects can be obtained by coat¬ 

ing part of the metal surface ancl polishing the 

uiicoated areas after enameling 

The advantages listed will not overcome the diffcr- 

enre in cost between lR-8 stainless steel and normal 

enameling iron and the added cost of sandblasting, but 

the benefits are real. There are, no doubt, applications 
in the speaalty field where parts of porcelain ename’ed 

18-8 stainless steel will give the desired quality and 

service life. The volume of stainless steel being porce¬ 
lain enameled today is almost negligible, but indications 

are that it is due to receive favorable attention in the 

near future. 

ALUMINUM ENAMELS 

Porcelain enamels can be used for both protective 

and decorative coatings on aluminum Some interest has 

been expressed in the possibility of using aluminum in 
combination with porcelain enamel for signs, light¬ 

weight molds, architectural parts, and even for house¬ 
hold appliances Porcelain enamels have been developed 

which have good adherence on both cast and sheet 

aluminum. The surface can be cleaned with organic 
solvents or lightly sand-blasted. The firing temperature 
is in the neighborhood of 950-980 deg. F and the time 

generally from 15-SO minutes. A long low-temperature 
firing cycle is required, because of the low fusing point 

of aluminum. 

CAST IRON ENAMELS 

Very few, if any. new developments have been re- 

[Mirted on dry process and wet process cast iron enam¬ 

els lliere has been praitically no cast iron enameling 
carried on in the U S during the past decade 

CORROSION-RESISTANCE 

Porcelain enamel is a highly corrosion-resistant inor- 
g,inic substance Generally, it has been used commer- 

ci.illy not so much because of this property, but for the 

reason that it is colorful, durable, easily cleaned and 

cionoinical to apply Its possibilities as a functional 
finish—strictly for high corrosion resistance—have only 

recently been recognized and exploited 
Porcelain enamels can be made highly resistant to all 

otganic and inorganic acids (except hydrofluoric) and 
to noinial alkaline solutions They are not resistant to 
highly conceiiirated caustic solutions at boding temper¬ 
atures, since these solutions aie excellent solvents for 

stilt .itts All jMircelain enamels are not made acid re- 
sisi.ini because, in general, these tvpes of enamels are 

tnoie clilRciilt to apply, which means relatively higher 
costs in the process ^cid resistance does not always 
guataiitcc that the finish will be suited to the conditions 

of service Foi example, weather and water resisting 

enamels may be also acid resisting, but all acid resisting 
enamels are not vieaiher and w’aier resistant 

During tlie war, many new types of corrosion resistant 

ceiamic coatings or jHircclain enamels were developed 
for lenous metals It was found that many articles for- 
mcrlv manufactured from heat resistant and corrosion 

resistant metal alloys could be rnanufarliired at lower 
costs from available low-caibon enameling slock and 

mild steel (SAF, 1020) and coated with one or two coat¬ 
ings of speiial porcelain enamels These items were fre¬ 
quently found to be better than the originals made 
from metal alloys This was particularly true for engine 

exhaust systems of airplanes and tanks 

Ground coot of boat-roauting onamol ia appliad by 
dipping oxhauat alack. Thia cevara iaaida and eutoido 
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New types of porcelain enamels were produced and 
used in the manufacture of hot water storage tanks for 
government and private housing Porcelain enamels 
completely resistant to the solvent action of hot water 
to pressure had not been discovered prior to the war 
Sucii finishes are now available and undoubtedly will 

be extensively used. Other examples of applications of 
porcelain enamels for corrosion resistance are “glass- 
lined" pipe used successfully to resist hydrogen sulfide 
corrosion in natural gas fields. 

Another interesting new type of porcelain enamel 

coating application during the war was the manufac¬ 
ture of domestic electric stove heaUng elements from 

porcelain tubing The tubing was used as the medium 

for the hot electric wire These coatings were of a 
highly infusible type and were durable at high temper¬ 

atures This application permitted the manufacture of 

replacement range parts during the war. even though 
nickel tubing was no longer available. 

NEW APPLICATIONS 

Hot Water Tanks 

During the war fieriod it became increasingly difficult 
to secure galvanized and metal alloy hot water unks. 

A laige quantity of porcelain enameled hot water tanks 

were manufactured by several companies At first, con¬ 

siderable difficulty was encountered in eliminating por¬ 

celain enamel defects, which were sources of corrosion 
when the tanks were placed in service It is important 

to know that hot water under pressure is an extremely 
corrosive material, espeaally when it contains smalt 

quantiues of dissolved oxygen and carbon dioxide. 

Special porcelain enamels, both for gound and cover 

coat, arc required to withstand these conditions While 

It IS true that a porcelain enamel suitable for this pur¬ 

pose IS considerably acid resistant, it is distinctly not 
true that all acid-resistant enamels can be considered 
water resistant. 

It IS anticipated that considerable porcelain enamel 
will be consumed for the manufacture of hot water 

tanks in the postwar period, as numerous companies 
have indicated their intention of producing this item. 

Transformer Cases 

Another new item which lends itself to porcelain 
enameling is the electrical transformer case, particularly 

the type that is normally installed on poles and ex¬ 

posed to the weather. The usual painted case must be 

repainted frequently, in order to prevent corrosion. It 
IS reported that the cost of refinishing these cases one 

time closely approximates the cost of porcelain enamel¬ 

ing in one coat Attractive colors may be obtained with 
the new one-coat finish porcelain enamels and the cat- 
rosion problem is reduced to a minimum. 

Heat-Resistant Coatings 

Outing the war many items formerly made from heat 
resistant metal alloys were fabneated in regular enamel¬ 

ing stock or 10-20 steel and coated with special porce¬ 

lain enamels. Airplane exhaust stacks, amphibious land- 

ir^-barge exhaust equipment, electric stove heating ele¬ 

ments. and electric stove reflector pans have been fin¬ 
ished in these special heat-resisting coatings The usual 

type of finish on exhaust systems and for electnc stove 
elements has a matte surface, while the reflector pans 

have been coated in acid-resistant ground coat 
The refractory qualities that can be built into porce¬ 

lain enamel can be appreaated when it is realized that 
some new coats with thicknessses of 0004 in are able 

to withstand exposure to temperatures above 1,500 deg 

F Such enamels are able to function satisfactorily even 
when subjected to sudden and pronounced drops of 

temperature These special refractory-type coats are be¬ 
ing explored further to find out whether they can be 

used on jet turbines where the rapid destruction of the 

housing metal at die high temperatures of operation is 
a serious problem 

Atr Markers 

Porcelain enamel is rapidly finding a new and im¬ 

portant use as a coating for steel air markers The need 
for a more widespread use of such aviation aids has 

been felt for some time, and many of the states are 

preparing regulations for their effective use The great¬ 
est need for air markers is probably felt by flyers of 

personal planes, since commercial ships must fly on radio 

beams The small plane owner needs air signs just as 
the automobile owner needs road signs, to indicate the 

right direction 
The principal advantage of porcelain enameled 

markers is their very low maintenance requirement, 

which might consist of a washing every three or four 
years On the other hand, there is no weathering and 
their durability can be expected to hold for twenty 

years Moreover, porcelain enameled markers are rela¬ 

tively inexpensive, as compared with painted signs Al¬ 

though having an initial cost of approximately $230, 

enameled markers will last about ten times as long as 
the painted variety 

Early this year an eastern enameling concern donated 
a porcelain enameled air marker to the local Junior 

Chamber of Commerce for erection on the company’s 

plant roof The letters and numbers of the chrome yel¬ 
low marker are constructed of 16 to 20 gauge steel in 

panels up to five feet long and a little over a foot in 

widdi. (The 16 gauge steel is used where the surface 
must support a man’s weight, as in the case of a laige 

ground marker.) This particular marker is visible at 

about 300 feet. 

For signs of a permanent nature, porcelain enamel 

has always enjoyed great acceptance The factors of en¬ 
during finish and non-fading colors are the major rea¬ 

sons for this. Espeaally are porcelain enamel signs a 

necessity in coasul areas, where they must withstand 
corrosive salt air and weather conditions. 

Fine Linings 

Wartime research and development have demonstrated 

porcelain enamel’s value for such uses as chimneys and 

flues. Many building codes already require this type of 

flue lining with ceruin types of fuel. Porcelain enam¬ 

eled chimneys have been diown to have a number of 

imporunt advantages; no foundation it required; greater 
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draft per foot of chimney height; lower exterior sur¬ 
face temperatures, quick and easy installation, and high 
eiliaenaes for automatic heating equipment 

Architectural Enamels 

Enameled Steel Panels- By virtue of its proved per¬ 
formance in the stove, refrigerator and plumbingware 

fields, porcelain enamel was adopted some years ago as 
a permanent dress-up finish for such retail establish¬ 
ments as gasoline filling stations, theaters, stores and res¬ 

taurants Owners of such establishments readily visual¬ 

ized the considerable sales appeal of a building modern¬ 
ized with porcelain enameled steel panels They under¬ 

stood, too, how such panels would give store fronts a 
long life and at the same time reduce maintenance cost 
to Its barest minimum. 

Porcelain enameled steel is also beginning to take its 
place as an important building material in its own 
right, since it not only assures a structure that is fire¬ 

proof, ratproof and termiteproof, but also embodies 

convenience, utility and beauty The extensive use of 
porcelain enameled steel by major oil companies for the 

construction of service stations has been an imporunt 
factor in its expanding value as a general building ma¬ 

terial These companies, with construction programs in¬ 
volving hundreds of idenucal buildings, are most cau¬ 

tious in selecting building materials which are attracuve 

and durable, economical to construct and maintain 

Architectural porcelain enamel is also rapidly becom¬ 
ing an important feature in jjostwar housing, as one 

of the materials in the all-steel prefabricated home 
The idea of mass-production all-steel home building has 

appealed to architects and builders for some time, but 

only recently have their plans begun to pass from the 
blue-pnnt stage to active production sdiedules Two 
business enterpnses—Higgins, Inc and the Lustron Cor¬ 

poration—have been most energetic in the development 
of these highly attractive and utihtanan housing umts 
The former concern, well-known for its wartime record 
of shipbuilding, has developed a new building material 

consisting of porcelain enamel-on-stecl panels available 

in a variety of colon and textures Panels are prefab¬ 
ricated with the electrical and plumbing outlets in- 

sulled at the factory Equally as flexible as other build¬ 
ing materials, prefabricated panels may be erected in 

accordance with any architectural design 

Architectural Specifications: Standard specifications 
covering the manufacture of architectural porcelain 

enamel have been officially approved and adopted by 
the Ardiitectural Division of the Porcelain Enamel 

Institute The standards prescribe in general de¬ 
tail the proper materials and methods to be used in 

designing, fabricating and processing parts for architec¬ 
tural porcelain enameling. They were prepared by a 

special committee with the aid of a highly skilled archi¬ 
tectural specifications writer, and are conasely phrased 

in terminology familiar to the architect. 

Atchitecu have been handicapped in their desire to 

utilise porcelain enamel more widely, because there hat 
been a lack of authoriuttve information on specifica- 

aom vtdAk will insure a hig^ quality of manufactured 

product. The new standards have been developed to 
meet this need, and the Architectural Speafications 

Ckimmittee is presently engaged in promoting public 

confidence in the serviceability of porcelain enamel 
structures 

IMPROVED ENAMELING PROCESSES 

Nickel Dipping 

It IS essential for enameling that all grease, soil, rust 

and welding stale be removed from the steel surface. 
Ibis IS usually effected by an alkaline cleaning solution 
and hot sulphuric acid There are many good commer¬ 
cial alkaline cleaners giving best results when main¬ 
tained at boiling temperature and at concentrations of 

approxmiately 6 to 8 oz per gal of solution After 
having been cleaned and thoroughly rinsed, the parts 
to lie enameled are immersed in sulphuric acid at a 
temperature of 160 deg F Time of immersion is usually 

10 to 15 minutes or until all scale and rust arc re¬ 

moved There should be some etching of the surface 
Inhibitors are generally not used in connection with 

pickling of steel for enameling The ware may or may 
not be nnsed after the acid etch 

The next step is the nickel dip operation Importance 
o( a good nukel flash in lowering rejects and insuring 

generally good enameling qualities of all types of steel 

cannot be overstressed (This does not apply to the 
newer steels with surfaces plated at the mill) A good 

nickel deposit of from 0 04 to 0 08 grams of nickel per 
sq ft of metal surface improves the bonding range of 

the ground coat to the steel, and minimizes copper head¬ 

ing and fishscaling by reducing overactive oxidation 

characteristics of the steel The enamel is bonded to the 
steel through absorption of a uniformly adhering oxide 
layer into the enamel layer The nickel flash reg;ulates 
the quality of tliis oxide layer. 

For good porcelain enameling practice, it should be 

the aim of every shop operator constantly to control all 

ojierauons throughout the shop For successful nickel 

application, control is a must It may be truly said that 
all difficulties encountered in utilizing a nickel flash, and 

any doubt as to the advantages gained, are due to a 
lack of appreciation of the imjxirunce of uniform con¬ 
ditions of the solution and treatment 

Most authors, researchers and shop operators agree 

that temperature of the batli, concentration of nickel 
salts, and degree of acidity of pH of the solution are 

of prime imjxirtance and must be controlled within 

narrow limits In addition, such factors as time of im¬ 

mersion, sequence, and methods of rinsing before and 

after the nickel flash, interval of exposure to air be¬ 
tween each step in the process, thickness of nickel coat¬ 

ing. type of steel surface being treated and proper re¬ 

moval of sludge, have important bearings on the qual¬ 

ity of the resultant coating. When a set of conditions 
for the nickel flash sequences are once determined for 

sausfactory performance in any given shop under nor¬ 

mal operation, those conditions should always be main¬ 

tained to a point within a practical narrow limit of 
variation. 

Large scale production procedures as well as researdi 
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have shown the following conditions and sequence of 

operation to give efTectively nickeled steel without the 
dangers of iron salts: 

1 After the acid pickle-5 minute rinse in sulphuric 
acid at room temjserature 

2 Nickel dip—Solution should contain ^ to 1)4 oz, 
preferably I or single nickel salts per gal Main¬ 
tain acidity by pH S ’> with addition of sulfdiunt 
acid or sodium hydroxide Do not use boric aad 
as a buffer as tins jmimotes excessive formation of 
complex iron salts Ammonia and ammonium car¬ 
bonate additions should be avoided for the same 
reasons I emperature of the bath should be 155 to 
IbO deg F Under these conditions the ware should 
be left 111 tbe bath a suflinent length of time to 
deposit fl 04 to 0 08 gianis of meutlic nickel per 
SC] fl of metal surface The lower range is satis¬ 
factory for the aveiage blue ground coat, while the 
heavier deposits usually arc best for white enamel 

directly on the steel 

3 Do not use a rinse If it is felt absolutely neces¬ 
sary, a short rinse in sulphuric acid of pH SO is 
effective The time interval between the nickel 
flasli and the rinse, as well as between the rinse 
and the neutralizer, should be extremely short 

4 'two neutrali/er tanks should be available, the first 
made up in laiily slicing solutions and the second 
weaker Suggested conditions are (a) 004 oz per 
gal sodium cyanide, 0 02 or per gal sodium hy¬ 
droxide. temperature 140 deg F, time U/^ min¬ 
utes immersion (b) 0 12 or per gal scxlium cy¬ 

anide. 0 10 or per gal sodium hydroxide, tempera¬ 
ture 140 deg F, time 2i/i nutiuies immersion 
Carbonates should be avoided in the neutralirer, 
since these have been found to hinder cyanide re¬ 
moval of ferrous salts 

Splaying 

Formerly, all applications of the porcelain enamel 
to the metal was done by clipping Today tlie spraying 
method is also in general practice Spray coating is 

better confined to relatively plain shapes such as stove 
panels, because there ts danger of incomplete coverage 
of the more complicated parts At least one large pro¬ 
ducer of ranges has automatically sprayed both ground 

coat and cover coat on flat panels for several years 
Other porcelain enameling plants arc putting in in¬ 
stallations of this kind The ground coat can be ap¬ 
plied more uiiifonniy and much more thinly, with a 
higher C|uality finish and less likelihood of damage to 
finished parts 

Many porcelain enameling sliops also apply cover coat 
enaiiiel on essentially flat parts by means of automatic 
spraying machines Ky coiitrolling the consistency of 

the poicelain enamel carefully, the same advantages are 
gained lor the cover coat as described for the ground 

coat 
Another metlicKl of automatic spraying that has re¬ 

ceived some attention is the Ransburg I’rocess of elec- 
irostatii spraying, in which the work passes through a 
highly charged electrostatic field Flectrostatu spraying 

111 porcelain enamel has been introduced for use where 
sery thin ccMtings are desired, and where it can be ap¬ 
plied, results claimed lor it are a considerable saving 
ol time, lalKii and materials Ihe electrostatic process in- 
solses the chatging of spiay particles in an electric held 
and the attraction of these particles to the ware which 
IS to be enameled Ihe work is m,ide negative and the 
spiay IS positively charged Ihe jirocess, originally de¬ 
signed lor spiaying organic coatings, shows promise 
lor use with porcelain enamel slips By eliminating over¬ 
spray and prcxliicing a coating ol unifonn thickness 
without waste the electrostatic method tends to reduce 
losses III material increase qualit), and lower cost of 
pioductioii It IS csiileni that for Hat ware the spray tan 
Im so ad|usictl that the loss in jiorcelain enamel is re¬ 

duced fioni the usual 40-50 per tent to approximately 
20 per tent 

TESTING OF PORCELAIN ENAMEL 

lests developed through research at the National 
Bureau of .Standards and sponsored by the Porcelain 
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Enamel Institute have enabled enamelers to determine 
the relative merits of various formulas New equipment 
for testing the qualities of porcelain enamel include the 
Photovolt Refleciomcter, the Gouge and Scratch test 

machine and abrasion tester, and the thermal-shock and 
acid-solubility test equipment of the Enamel Utensil 
Manufacturers Council 

Porcelain enamel has a high reflectance not only when 

new but after a considerable passage of time A re- 
ilectometer is used to measure the amount of light re¬ 

flected from any enameled surface The Photovolt Re- 
flectoraeter employs a scanning head with light source, 
filter and photo-sensitive cell It indicates reflectance 
directly on the scale of a millivoltometer calibrated in 

per cent reflectance 'I he instrument is set to read cor¬ 
rectly on a panel of known reflectance It is portable 
and valuable for production control, since any surface 

can be read without iiqury to the prculuct 

The resistance of porcelain enamel to deep scratching 
or gouging IS measured by the penetration of a steel 
ball into the enamel under a given load Surface scratch¬ 

ing or abrasion resistance from constant handling or 

cleaning powders is measured in terms of the time re¬ 
quired to remove the gloss under the abrasive action of 
a standard quality of feldspar In constant testing, the 

time required to show the sltghtest eflect on any grade of 

porcelain enamel is far in excess of that required to de¬ 
stroy the most abrasion-resistant synthetic coatings 

Much guesswork has been eliminated from the poten¬ 

tial wearability or resistance to rubbing abrasion of 
ceramic finishes and surfaces by the development of 
a precision-designed, electrically-operated instrument 
known as the Taber Abraser This instrument, which 

may be applied to glazed and glass, as well as to enam¬ 

eled surfaces, has the function of duplicating, in meas¬ 
urable terms, the rubbing abrasion tliat a surface coat¬ 
ing encounters under actual service conditions Directly 

actuated by a rotating specimen holder, the counter on 
the unit automatically records each wear-cycle as it oc¬ 

curs The total number of wear-revolutions thus secured 
and registered affords a calibrated precise report of the 
material’s wear characteristic, and may be employed for 

cither immediate or future comparison Such data can 

prove exceedingly valuable in (onnection with basic re¬ 

search and product analysis 

The gouge and surface abrasion equipment utilized 

in connection with porcelain enamel are valuable prin¬ 
cipally as research instruments being, as yet, not prac¬ 

tical for production control The thermal-shock and 
impact-test machines, however, are research instruments 

which may readily be adapted to production use 

SPECIFICATIONS 

The porcelain enameling industry has become more 

spedfication-minded, possibly as a result of the war 

All poreelain enamel frit producers and consumers had 
to deal intimately with government and Army-Navy 
specifications for the production of war material, and 

they have thus come to realize the advantages of clear- 

cut specifications for the production of g[oods of uni¬ 

formly hij^ quality. 

Ihe industry’s technicians are writing speafications 

for higher quality and uniform porcelain enameled 
products The Enameled Utensil Manuafacturen Coun¬ 
cil has establislicd a co-operative laboratory at the Uni¬ 

versity ol Illinois for the preparation of specifications 

covering constiuction, {lortelaiti enameling, thermal 
stiock and impact resistance Member companies of the 
Caiuntil may have their ware tested and may receive 
a re|x)ri toiiipaiing ware produced by them with that 

produced by the industry as a whole Certainly this is 
a desirable step toward a higher quality finish 

A division has been formed within the Porcelain 
En.iinel Institute to study and improve specifications 
lor an Intel tural porcelain enamels as has been stated 
earliei llic sign inaiiiifailurcrs are attempting to draw 

up specifications for their industry, and the table-top 
111 ■iiuf.itturcrs already have si>ecificaiions for porcelain 
inanuted lahli-iops Iitially a committee has been cre¬ 
ated by the Insiuiite to prepare workable tests and 

s|M'cificauons for the |>orielain enameling industry as a 
whole I here is every indication that this movement 

toward sinndardt/ation and improvement will be con¬ 

tinued and expanded 

HIGH-TEMPERATURE CERAMICS 

"Suf>ei Metals” for Gas Turbines 

New and revolutionary fonns of power generation 
and transportation are being developed by the Army 

and Navy which will require stronger and more heat- 
resistant materials The gas turbine, which has been 

iiiade possible only by use of highly alloyed materials 
prcKluccd in the last five or ten years, requires ma¬ 
terials able to withstand high stresses and temperatures 

up to 1,500 deg F Now engineers are calling for ma¬ 
terials designed to withstand 1,600 deg F and stresses 

as high as 20,000 lb per sq in 
Supcicharger disc materials, for example, must with¬ 

stand a temperature of 110 deg F under high stress; 

lor this purpose, rhromiuni-nickel-colialt-iron alloy 
sirengthencd with such other elements as molybdenum, 
tungsten, coluinbium or iiianium is used Showing 
promise for use under highei stresses and temperatures 

IS anothci senes of alloys based on percentages higher 

than 50 per cent of tliroinium. 

These high-tempcrature ni''als developed for the gas 

turbines and improvements on these yet to come will 
be useful, but to meet the highest temperatures these 
will nut suffice and ceramic matenals will be called for 
These ceramic materials, made up from the most highly 

refractory substances such as oxides of beryllium, mag¬ 

nesium and zirconium, are the only known materials 
that will not melt or burn up at such temperatures. 
They may be used as coatings for metals, as structural 

combinatiors with metals, or as individual parts The 

relatively poor mechanical properties of ceramic ma¬ 
terials, as compared with those of metals, may soon be 
improved or compensated for by design. 

High Dielectric Ceramics 

New ceramic dielectrics having exceptionally high di¬ 
electric constants have been evolved at the National 
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Bureau of Standards, as a result of extensive research 
Such dielectrics are of major importance in the produc¬ 
tion of capacitors for use in radio, radar, television, 
and in other special equipment where space is at a 
premium. Their extremely high dielectric constanU also 
make them panicularly adaptable for the tiny capadtors 
required in subminiature electronic devices. 

The unusual electric properues of the naturally oc¬ 
curring titanium dioxide mineral, rutile, have been 
known for more than forty years and have been useful 
in radio design for about twenty years However, the 
high values of dielectric constants for some of the ti- 
tinates were not observed until shortly before World 
War II Because of the uigent need for such dielectrics, 
the Signal Corps in 1944 requested the National Bureau 
of Standards to develop and test ceramic dielectrics 
The subsequent investigation has covered a study of 
the properties of dielectrics prepared by systematic vari¬ 
ation in the composition of the alkaline-earth titanates 

High-Temperature Coatings for Exhaust Systems 

Early in the war, supplies of many materials were 

inadequate to meet essential war demands Nickel and 
chromium were particularly scarce because of the great 
ly increased demand and also because the normal im¬ 
portation of these metals was endangered. 

To alleviate this situation, a project was undertaken 
at the National Bureau of Standards which included 
(a) development of special heat-resistant ceramic coat¬ 
ings for low-carbon steels, and (b) testing of the new 
coatings in direct comparison with the convenuonal 
type of glossy porcelain enamels 

In order to avoid the necessity for extremely high 
smelting temperatures, conventional ground-coat friu 
were used, and refractoriness of the coatings was in¬ 
creased by mill addiuons Zirconium oxide, titanium 

Elaelse-sicrtie aproying is accompUahsd by sproyiog 
saaoMl liile field ersertsd by cross wirss. Tbs soomsl 
pcRticlss ors ottraetod to tbs whs in on svsa, ualiemi 
coating wllb a mlnlnnim loss from ovor-spray or dusL 

dioxide, ferric oxide, aluminum oxide, chromic oxide, 
silicon dioxide, silicon carbide, feldspar, mullite, and 
chrome ore were added in vanous amounts 

These coatings were milled, applied and fired by the 
methods for porcelain enamels The speamens were 
then examined for surface texture and adherence Those 
chat showed promise were heated for short periods at 
1,650 deg F, in order to obtain an indication of their 
resistance to deterioration at high temperature Of the 
various coatings tested, those containing alumina gave 
the best results 

The thermal expansion is higher fur the new coatings 
than for many ground-coat enamels Experience has 
shown, however, that these new coatings should not be 
applied in .is great a thickness as conventional ground- 
coat enamels, because thick applications tend to chip 
spontaneously 

Numerous laboratory tests were made on the coatings 
developed at the National Bureau of Standards as well 
as on conventional type coatings submitted for trial by 
a number of manufacturers The laboratory test condi¬ 

tions were chosen to simulate operating conditions in 
airplane exhaust systems, especially slacks and collector 
rings of some motors with turbo-superchargers These 
tests included the following (a) a flame-impingement 
test, (b) three types of thermal shock test, (c) a test 

for the protection of the metal against oxidation, (d) 
a test for the protection of the metal against changes in 
properties caused by heating The flame-impingement 

and thermal shock tests caused cracks in varying degrees 
in all the conventional type coatings and also produced 
reboiling in these coatings during the hcaung The coat¬ 
ings showing the least reboil gave the best protection 
to the metal against oxidation, and also proved moat 

effective in preventing loss in strength and the develop¬ 
ment of embrittlement. 

A considerable number of exhaust stacks and collector 
type exhaust systems, coated at the National Bureau of 
Standards, were attached to motors and tested by the 
Army, the Navy, and several aircraft companies All of 
these service tests showed the newly developed coatings 
to be superior to the conventional glossy coatings. In 
no case did the former develop visible cracks or re¬ 
belling 

Commercial producuon of low-carbon steel exhaust 
stacks with NBS ceramic coating A-19 (applied in one 
coat) was started in 1944 By the end of the war three 
porcelain enameling companies had applied the coating 
to subsunual quantities of aircraft exhaust stacks. Since 

the shortage of stainless steel never became acute enough 
to limit Its use in aircraft, the A-19 coating on low- 
carbon steel was used through preference rather than 

through an enforced substitution. Another application 
of the A-19 coating which reached the production stage 
before the end of the war was the coating of tail pipes 
for the exhaust systems of the amphibious truA or 
"DUG” These pipes were onjpnally fabricated of un¬ 
coated low-carbon steel and failed rapidly in service, 
owing to corrosion. Not only high c^ietating tempera¬ 
tures, but also contaa with ocean water contributed to 

the corrosion. Teats showed that ooatil^ A-19 provided 
good protection. 
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In addition to the use of the new coatings for the 
protettion of low-carbon steel in vanous military ex¬ 
haust systems, there are a number of other possible ap¬ 

plications where the new coatings (or modifications 
thereof) might be benehtial in prolonging the life of 
steel parts which are subjected to relatively severe tem¬ 
perature conditions Such potential applications might 

include the following domestic stove parts, suth as 
grates or burners, industrial furnace parts, such as 
muflles, dampers or burnere, parts for heat interchaiig- 
ers, heat baffles for continuous porcelain enameling fur¬ 

naces, annealing boxes, and mufflers and tail pipes 

ANALYSIS OF CERAMIC MATERIALS 

The Bureau of Mines conducted a large number of 

research projects on various ceramic materials during 
1946 and the early months of 1947 There appears an 
extensive compilation of these projects, arranged alpha¬ 

betically by the different research laboratories of the 
Bureau, in the American Ceramic Society Bulletin, June 

15, 1947, p 194-6 

A multiple fellowship is being conducted at the Ohio 
State University Engineering Experiment Stauon on the 

utiliration of spodumciie in ceramic bodies This work 

has been done in the laboratory, and plant trials have 
been run at five or six potteries fabricating underglaze 

decoration in domestic and hotel-china grades The 
spodumene was tried out in additions mounting to 

from 10 to 40 per cent of the added flux The effect 
of fading of the colors was exhaustively studied The 

btxlics were compounded, tested in the laboratory, and 
in plant practice in scmiporcelain and sanitary porce¬ 

lain bodies These bodies are now being proved in sev¬ 

eral industrial plants The use of spodumene as a con- 
stitutent in a multiple flux to produce a low-tempera¬ 

ture porcelain is being studied 

The properties of natural alunttic clays were in¬ 
vestigated It was found that alunite raises the soften¬ 
ing temperature of clays but there is a limit beyond 
which it acts as an energetic flux The presence of 

alunitc was observed to cause secondary expansion in 

reheating at temperatures higher than the original fir¬ 
ing temperature The effects of adding alunite to re¬ 
fractory clays were also studied In general, small quan- 

tiues (not exceeding 20 per cent) of alunite improved 
fired chararteristics, including decreasing the reheat 

shrinkage and increasing the P. C £ Excessive addi¬ 
tions of alunite, particularly to the low-grade days, 

caused bloating as a result of the evolution of sulfur 
gas from the alunite. 

An investigation of some Missouri clays and shales 
was recently completed by the Missouri School of Mines 

and Metalluigy in cooperation with the Missouri Geo¬ 

logical Survey. Although many of the shales and days 

of Missouri have in the past been or arc presently 
ing used for the manufacture of heavy day producu 
such as facebrick, ccmimon bnck, sewer pipe and tile, 

there is in these postwar yean a significant shortage of 

these produca within the state and country. The day 

and accessory minerals in each day and shale were de¬ 
termined by the d^erentid thermd analysis and petro¬ 

graphic methods, grain and partidc-size distribution 
were ascertained by the screen-analysis and watcr-elu- 

tnation methods Attempts arc being made to correlate 

the plasuc properties svith the amount of colloidal ma¬ 
terial, type of day mineral, and the non-plastics present. 
The ceramic properties of the days of the Polo gas 
field in Missouri have also been investigated in cooper- 

auon with the Missouri Geological Survey 
lllite, montniorillonite, halloysite, and volcanic adi 

have been investigated as whiteware body ingredients 
These materials ran be employed to increase plastiaty. 

Moiitmorillonite was found to give the higher plas- 
iitity. but It may cause difficulties in casting, owing to 
Its thixotropic quality Illite increased the plasticity 

without intreasing the shrinkage or damaging the cast¬ 
ing properties of slips, and small additions gave a work¬ 

ability similar to ball clays 

GLASS 

Baste Research 
The amount of effort being expended both in basic 

research in the held of glass and in development work 
pertaining to the glass industries is probably greater 

than ever before In basic research the subject of the 

constitution of glass is receiving much attention, earlier 
and fundamental X-ray studies are being supplemented 

continually by interpretations of changes undergone by 

glass at moderately elevated temperatures. Eforts are 

lieing made to relate such observed changes to consti¬ 

tution studies Extensive inquiries have also been made 
into fatigue glass under static load and the effects of 

water and temperature on the strength of glass rods. 

The pracucal glass problems taken under considera¬ 

tion since the end of the war are almost too numerous 
to mention Those discussed bneily below may be re¬ 

garded as being foremost among the notable accomplish- 
inenu in recent development research 

Glass Fibers 

Attempts have been made for more than fifty years 

to produce glass fibers that would be fine and pliable, 

but this material was not transparent and could not be 

creased or folded Fibers developed at the turn of the 
century were finer, but it was still too coarse for weav¬ 

ing practical fabrics About fifteen years ago real prog- 

hXatior ei percalain •nomaling plant ahewing drying 
evana, of C.A.T.I.TA. in Buanoa Alraa. Atganlina. 
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ms in tins direction became evident, and today com¬ 
mercially useful fibers and applications for them are 

iiuihiplying very rapidly 
Flexibility is the one outstanding charactenstit which 

distinguishes these fibers from all previous forms of 
glass 1 his IS the result of their being drawn incredibly 
ihin in propoition to their length They possess re¬ 
markable dimensional and physical stability, thus elim¬ 
inating shrinkage, swelling, or stretching The fibers 
will not rot or oxidize, and are unaffected by weak 
alkalis or by acids in their most concentrated form— 
except hydrofluoric and phosphoric 

One of the most interesting developments in the fiber 

glass field is the wool Lxtreiiiely light in weight, it is 
particularly useful for thermal insulation, or for further 
labriration into blankets During the war this same ma- 
leridl was employed for the control of sound as well as 

heat, and thus the basis was presided for its wide use 
.IS acoustical insulation—by such industries as motion 
pictures, radio and television 

Tlie unusual combination of properties possessed by 

glass fibers has led to its succes.sful invasion of the field 

of medicine They are iion-toxic, non-aliergcnic, and 
produce no harmful effect upon human tissue Among 
the many uses being found for the fibers in methcal 

work are fracture casts made of a fabric knitted of 
glass-fiber yarns combined with cellulose acetate yams 

Having permanence of dimension, the glass prevents 
creepage and shrinkage of the cast white setting, thus 

Rafartvaralor linen receive the ground coat m a dipping 
application. 

preventing painful constriction of the injured person. 
.Superfine glass fibers, treated with a water-repellent 

substance, arc finding postwar uses as linings for mit¬ 

tens. hunting jackets, and other outdoor clothing for 
children and .idults If certain [abrication problems can 

be worked out, the superfine fibers should also be use- 
liil tor comforters 

Ir is by no means inconceivable that glass may some 
clay lie used on automobile fenders The United States 
Patent Oflicc recently revealed that an automotive man¬ 
ufacturer IS considering a molded automobile fender of 
glass fiber and plastics, as a replacement part for models 
no longer being made because the dies arc not avail¬ 
able Such a fender would be lighter and could be pro¬ 
duced at lower cost 

Glass-Melal Seals 

(xmsiderable advances have been made on the sub¬ 
ject of "matching properties” of metals and glasses used 
in making glass-mctal seals New methods have been 
developed for metallizing glass articles which are to be 
soldered or welded to metal parts In addition, there 

have been signihcant nnproveincnts in the manufacture 
of graded seals, using low expansion glasses 

Class surfaces have been modified by coatings and by 

ihctnical treatment, both to increase and to decrease 
surface reflectance Water-repellent coatings for glass 

have been developed and electrically conducting coat¬ 
ings have been produced for application to glass sur¬ 
faces 

The flow and movement of glass in tanks has been 
studied by observation of the travel of fluorescent ma¬ 
terials added to the molten glass Coloring materials 
have also been added for the same purpose, and color 

changes have been noted by colored photographs Tlie 
close control of the density of lank glass has been found 
to lie a good means of aiding in quality control The 
development of apparatus for making accurate rapid 
measurements of density has been laigcly responsible 

Inelaslii Deformabtlity 

Research workers at the National Bureau of Standards 

have reported on the relation between inelastic de- 
formability and tliermal expansion of glass The proper¬ 
ties of a glass are affected not only by changes in the ac¬ 
tual temperature but also by changes in the equilibrium 
temperature. A glass contracts and evolves heat when 
equilibrium is approached from a superheated condition 
The rates at which these heat effecu develop depend on 
the rate at which the difference between actual and 
equilibrium temperatures is decreased and they are there¬ 

fore controlled by the inelastic deformability. An equa¬ 
tion was proposed that related these various rates to the 
inelastic deformability. 

Owing to shortages of certain glassmaking raw ma¬ 

terials, large producers of glass are expending consider¬ 
able effort in trying to develop melting, refining and 
fabricaung methods which will permit commercial use 
of glasses requinng less of the critical materials. The 

developments mverived include changes in glass txmipo- 
siUons, refractories, furnaces, and fonning madiines. 

Fuel shortages, moreover, have nude it necessary to 



GLASS, PORCELAIN AND CERAMIC INDUSTRIES 205 

arrive at a better understanding of heat transfer, the 

movement of glass in tanks, and the influence of raw 
material properties on melting rates, in order to make 

the glass-melting processes more efficient in the use of 

natural fuels 

Dielectric properties of glasses at ultra-high frequen¬ 
cies (S-cin and 10-cin wave lengths) have been deter 

mined in relation to their compositions Alkali ions in 
glasses give rise to high losses, which increase as the 

number of ions increases Glasses containing a com¬ 

bination of alkalis show lower losses than the equivalent 
compositions with only one alkali Divalent ions do not 
contribute as much to losses as alkalis, but high power 
factors are shown by glassc's with high BaO or PbO 

contents Alumina increases the dielectric losses of 

glasses in much the same manner as other network 

modifiers 

A study is being made at the Missouri School of 

Mines and Metallurgy ot stannic oxide (SnOj) in glass 

systems The initial phase of tins study consists of the 

investigation of ilie colloidal state of SnO, when sus¬ 

pended in a media of a simple, molten glass The final 

phase consists of the investigation of the influence of 

metallic ions within the glassy media iijwm the stability 
of the SiiO> glass system 

Photo-Sensifwe Glass 

Perhaps the most recent and one of the most interest¬ 

ing developments in glass research has been that of 

"photo-sensitive glass”—the printing of photographs ch- 
rcftly on glass The sensitivity of glass lias long been 

guessed at because of changes in color noted in glass 
which had been exposed for centuries to the light and 

heat of the sun Starting with the premise that the 
change was due to a chemical reaction among the com¬ 
ponents of the glass, a research chemist at the Coming 

Glass Works was able, some years ago, to obtain several 

shades of color in previously crystal-clear ruby glass 

upon the application of ultraviolet light and subsequent 
heat treatment .Several years later another Corning 

chemist was assigned the task of exploiting the pho¬ 

tographic potentialities of the glass. His work resulted 

in the development of a photo-sensitivc glass in which 

pictures may be printed which have a three-dimensional 
cftect, due to depth of image penetration, a variety of 

colors, and extremely fine detail, 
'1 he ingredients that make jxissible the photo-sensttive 

glass are an integral part of the glass, having been mixed 

into the batch and melted There is no danger of ex¬ 

posure as long as no direct sunlight or ultraviolet rays 
strike tlie glass There are several types of the hght- 
sensiiive glass One type has a color range from purple, 

blue ruby to orange, another will develop a brilliant 

ted a third type produces yellows and browns Only a 

single color can be obtained from each sheet 
lo piiiit a picture on the glass, a conventional pho¬ 

tographic negative is placed between the glass sheet and 
a vMirce of uliravioici rays in the same manner that a 

coniact prim is made Irradiation produces a positive 
colored print, the depth of tint depending on exposure 

tune and other factors The color is fixed in the glass 
bv healing die sheet in a furnace at 1000 lOSO deg F. 

lor about half an hour, so that the glass is no longer 

hglii-sciisuivc Cktlor can be produced in glass sheets up 
to two inches thick With thick sheets, a "solid” or 

dimensional effect is obtained in the finished "print" 

Mthough the glass is still in the laboratory stage, and 

no cost estimates have yet been released, researchers see 
a big future in such non-phoiographii uses as inex¬ 
pensive stained glass new decorating techniques for 

glassware and comainers, anti lighting fixtures 

Other glass researches include study of the heat trans¬ 
mission of glasses a.s affected by oxide additions, the 

improveiiic'iit of lieai-ahsorbing glasses, the development 

of hard glasses, the study of mixing factors affecting 

glass-batch mixing, and the use of selenium as a glass 
colorant 
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sistance in the preparation of the general-reference bib¬ 

liography appended lielow 

Ilhistrahons for thts chapter were obtained through 

the (ouilesy of the Ferto-Enamel Corp, Pfaudler 

Co, Finish (magazine), Despatih Oven Co and 

Trumbull Electric Manufacturing Co 

BIBLIOGRAPHY 
BOOKS 
Andrews, A I, Ceramic Testa and Cslculationi, 1828, New 

York, John Wiley and Sons, Inc. 
Andrews, A I., Enamels; The Preparation, Applications and 

Properties of Vitreoos Enamels, 1985, Champaign, Illi¬ 
nois, Twin City Printing Co. 

Ceramie Data Book, 1947-48, Chicago, Industrial Publica¬ 
tions, Inc. 

Gould, R. E., Making True Porcelain Dinnerware, 1947, Chi¬ 
cago, Industrial Publications, Inc 

Hansen, J E., (editor), A Manual of Porcelain Enameling, 
1987, Cleveland, Enameliet Publishing Co 

McNamara, Edward P., (editor) Ceramlca, 
State College (Penna.), Pennsylvania Sti__.... 

Morey, George W, The Proxies of Glaas. 1988, New 
York, Reinhold Publishing Corporation. (A. C. S. Mono¬ 
graph 77). 

Newcomb, Rexford, Jr., Ceramic Whltcwares, 1947, New 
York, Pitman Publishing Corp. 

Parry, Jeaephine, The Glass bidaatry, 
mans, Green and Company. 

Porealain Enamel Institute. Proceedings of the Ninth An¬ 
nual Fomm. Columbus, Ohio, September, 1947. 

« «. . j Technical Butlatins 1-14 (Teats 

8 volumes, 1940, 

y, 1945, New York, Long- 

tor Poreel^ ] I and BnnmMIng MeUla). laaued 

Irregularly, Washington, D C, Porcelain Enamel Insti¬ 
tute 

Seholes, Samuel R., Modem Glaes Practice, 1936, Chicago, 
Industrial Publications, Inc 

Searle, Alfred B , An Encyclopedia of the Ceramie Indna- 
tries, 3 volumes, 1929, London, Ernest Bonn, Ltd 

Wilson, Hewitt, Ceramics and Clay Technology, 1927. New 
York, McGraw-Hill Book Co, Inc 

PERIODICALS 
Allen, Roger, Selling Porcelain Enamel to the Architect. 

Finish, 5:21, December, 1847 
Andrews, A I., and C M Andrews Super Opaque Titanium 

Enamels Rlniah, S 17, January, 1846 
Beil, William C., A Study of Glase Stresses, Ohio State 

Unlverelty Engineering Experiment Station Bulletin No. 
114. May. 1948. 

Bennett, D. O., High Tempemture Ceramie Coatings, Finish, 
8:18, December, 1946. 

Bennett, D, G., Suppression of Radiations at High Temper¬ 
atures by Means of Ceramic Coatings. American Cenoalc 
Jonmal, 80:297, October 1, 1947. 

Bryant, E. E., The New Titanium Opacified Porcelain Enam¬ 
els Bnamellst, 23:6, December, 1946. 

Bunting, E. N., G. B. Shelton, and A S. Creamer, Properties 



206 INTERNATIONAL INDUSTRY YEARBOOK 

of Barium-atrontium Titanate Dielectrics, American Cer¬ 
amic Socletjr Journal, 30: 114, April 1, 1947. 

Bunting, E. N., G S. Sheltong, and A S Creamer. Develop¬ 
ment and Testing of Some Titanate Dielectrics. Presented 
at meeting of the American Ceramic Society, Buffalo, 
New York, Aprll-May, 1946 

Carter, H. D., B W King, and H C Draker Properties of 
Porcelain Enamel and Their Effect on Enamelware Fin- 
lah. 4:19, March, 1947; 4:23, April, 1947 ; 4:17, May, 1947. 

Chase, Dana, “Main Street” Will Modernise with Archi¬ 
tectural Porcelain Enamel Finish, 8.29, March, 1946. 

Danielson, B K., and J H Koenig, Study of Dry-process 
Cast-iron Ground-coat Enamels, American Ceramic So¬ 
ciety Journal, 30:306, October 1, 1947 

Everhart, J. 0., and Marjorie Lassettre, Stress-strain Rela¬ 
tions in Ceramic Materials, Ohio State University Engi¬ 
neering Experiment Station Bulletin No 126. November, 
1946 

Farnham, Beta, and R B Burdick, Preliminary Study of 
Enamels for Aluminum, Presented at meeting of the 
American Ceramic Society, Atlantic City, New Jersey, 
April, 1947 

Foster, S W G , Speeiflcation, Design, and Production of 
Iron Casting for Vitreous Enameling, Foundry Trade 
Journal, 78-371, 1946 

Gidlow, Elsa, Case Histones of Architectural Installations 
Using Porcelain Enameled Steel, Finish, 3.27, January, 
1946 

Goetchius, D R, Porcelain Enamel as a Protective Coat¬ 
ing for Hot-water Tanks, American Ceramic Society Jour¬ 
nal, 26-164, 1942 

Goldberg, L C, Electrostatic Spraying of Porcelain Enam- 
amels. Ceramic Industry, 46:66, February, 1946. 

Graf, Don, Porcelain Enamel in the House of the Future, 
Enamelist, 20:20, March, 1943 

Hansen, J E, How to Choose the Correct Type of Porcelain 
Enamel for SpeeiSc Applications, Presented at the Ninth 
Annual Porcelain Enamel Institute Forum, Ohio State 
University, Columbus, Ohio, September 10-12, 1947 

Hansen, J E, DippiM and Spraying, Proceedings of the 
Porcelain Enamel liistltnte Forum, 7th Annual Forum, 
1946, pp 66-83. 

Hansen, J. E., The Use of Porcelain Enamel to Resist Cor¬ 
rosion, Enamelist, 26.4, June, 1947 

Harrison, W N, D G Moore, and J C Richmond Ceramic 
Coatings for High-temperature Protection of Steel Na¬ 
tional Bureau of Standards Journal of Research, Vol 38, 
March, 1942 (RP 1773) 

Hauser, E A, Colloid Chemistry of Clays, Chemical Re¬ 
views, 37:287, (1946) 

Heifer, Harold, New Uses Recently Developed for Glass 
Fiber, Materials, Ceramic Induatiy, 49.70, August, 1947 

Higgins, Inc. Will Build Thermo-namel Houses. Enamelist, 
24.11, March, 1947. 

High Dielectric Ceramics, American Ceramic Society Bul¬ 
letin. 26:294, September 16, 1947 

von Hippel, A, R G Breckenndge, F G Chesley, and 
Laszlo Tisza, High Dielectric Constant Ceramics Indoa- 
trisl and Engineering Chemistry, 38:1097, November, 
1946. 

Housley, W L, and R. M King, Application of the Theory 
of Dendritic Adherence to the Development of White 
Ground Coats for Sheet Steel, American Ceramic So¬ 
ciety Journal, 18-318, 1986. 

Howatt, G N, and others. Fabrication of Thin Ceramic 
Sheets for Capacitors, American Ceramic Society Jour¬ 
nal, 30-237, August 1, 1947. 

Huppert, Paul A, Lithium Compounds in Porcelain Enamel 
Compositions. Part 1, Finish, 4:18, June, 1647, Part II, 
Ibid., 4:21, July, 1947 

Kautz, Karl, Molybdenum in Enamels, I, Adherence Pro¬ 
duced with Molybdenum Compounds, American Ceramic 
Society Journal, 23:283, 1940. 

Kautz, Karl, Molybdenum in Enamels, II, Adherence Pro¬ 
duced with Soluble and Insoluble Molybdates, Ibid., 26: 
160, 1942 

Kautz, Karl, Molybdenum in Enamels, III, Typical Molyb¬ 
denum Enamels, Ibid., 28:76, 1946. 

Kautz, Karl, Molybdenum in Enamels,, IV, White Molyb¬ 
denum Enamels, Ibid., 28:82, 1946. 

Ketebum, Morris, Jr., An Architect Looks at Porcelain En¬ 
amels, Enamelist, 20:11, March, 1948. 

King, R. M , Some Resources of Ceramic Research, Amer¬ 
ican Ceramic Society Bulletin, 26:286, August 16, 1946; 
25.-337, September 16, 1946. 

Koenig, C. J., Nepheline Syenite in Low-Temperature Vitre¬ 
ous Wares. Ohio State Ualveraity Engineering Experi¬ 
ment Station Bulletin No. 112, July, 1942 
smmiman, L. W., Spray Gun Motion Study in the Appli¬ 
cation of Porcelain Enamels, Enamelist, 22:4, November, 

Lustron, All-steel Porcelain Enameled House, Architcctnnl 
Forum, p. 106, June, 1947. 

Lustron Homes, Better Enameling, 17:9, November, 1946. 
17:11, December, 1946. 

Mcllhenny, E, L., Efficient Metal Cleaning Practice, Enam- 
eiiat, 24:12, September, 1947. 

McIntyre, G. H., Advancements in Nickel-dipping Practice, 
American Ceramic Society Bulletin, 26:333, September 
16, 1946 

McIntyre, G H, Application of White Enamels to Sheet 
Steel Without Conventional Blue Ground Coat, Enamelist, 
22:26, December, 1944. 

McIntyre, G H , New Enameling Techniqncs, Presented at 
16th Annual Convention, Institute of Cooking and Heat¬ 
ing Appliances Manufacturers, Cincinnati, Ohio, Decem¬ 
ber 2, 1947 

McIntyre, G H, Porcelain Enamel as a Corrosion-resistant 
Finish, Enamelist, 23-4, June, 1946 

McIntyre, G H, Preparing Steel for Porcelain Enameling, 
Steel. 121.102, July 21, 1947. 

McIntyre, G H, Recent Advances in Porcelain Enamel, 
Enamelist, 23 16, February, 1946 

McIntyre, G H, D R Goetchius and G E Terry, Test 
Methods for the Evaluation of Hot Water Tank Enamels, 
American Ceramic Society Bulletin, 23-31, January 16, 
1644 

Mackasek, Edward, Porcelain Coats on Metal Bases, Sclen- 
tldc American, 177:106, September, 1647 

Mackasek, Edward, The Porcelain Enamel Institute and Its 
Relation to the Porcelain Enameling Industry, Ohio State 
Univeralty Engineering Experiment Station News, 19:28, 
October, 1947 

Mason, J F, Porcelain Enamel Coating for Aluminum, 
Iron Age, 168: No 7, 60, 1946 

Meachsm, F. L, Porcelain Enameled Structures, An Engi¬ 
neered Product Ohio State University Engineering Ex¬ 
periment Station News, 19:18, October, 1947 

Miller, E P., Dipping and Spraying Electrostatically, In¬ 
dustrial Heating, 10-1563, 1943. 

Monack, A J, Metallizing Glass and Ceramic Materials, 
Glass Industry, 28 21, January, 1947 

Monack, A J, Theory and Practice of Glass-metal Seals, 
Glass Industry, 27: (8) 889 , 27: (9) 446, (10) 502; 
27. (11) 666, 1946 

Murdock, A W, Classification and Properties of Porcelain 
Enamels, Enamelist, 22 19, September, 1946; 22:26, Oc¬ 
tober, 1946 

Murgatroyd, J B, Strength of Glass Fibers, Society of 
Glass Technology Journal. 28: (ISO) 368, 1944 

Navias, L, and R L. Green, Dielectric Prtmerties of 
Glasses at Ultra-high Frequencies and Their Relation to 
Composition, American Ceramic Society Journal, 29:267, 
October 1, 1946 

Peterson, F A , Testing Resistance of Enameled Surfaces 
to Scratching, Gouging and Abrasion, American Ceramic 
Society Journal, 80:94, 1947. 

Pettyjohn, James, Nickel Dip Treatment of Enameling 
Iron, Proceedings of the Porcelain Enamel Institute. 2nd 
Annual Forum, pp 66-61, 1937 

Plankenhorn, W J, Can We Porcelain Enamel Stainless 
Steen Enamelist, 24-8, January, 1947 

Plankenhorn, W J, and T F Newkirk, Temperature-re¬ 
sistant Ceramic-base Coats for Metals, University of 
Illinois, Department of Ceramic Engineering, Report No 
16. Section 6, 1947 

Rose, K , Glass Fibers as Engineering Materials, Materials 
and Methods. 26-82, March, 1947 

Ross, C. S., and S. B Hendricks, Minerals of the Mont- 
morillonite Group, Their Origin and Relation to Soils 
and Clays U. S. Geological Survey. Professional Paper 
No 206-B, pp 23-79, 1946. 

Silverman, A., Some Recent Developments in American 
Glass Manufacture, 1938-47, American Ceramic Society 
Bulletin, 26:367, November 15, 1947. 

Spencer-Strong, G H, Research in the Porcelain Enamel 
Industry Ohio State University Engineering Experiment 
Station News, 19:38, October, 1947. 

Sweo, G. J., Recent Developments in Molybdenum Enam¬ 
els, Enamelist, 24:4, February, 1947. 

Tinsley, F G, Titanium Oxide as an Ingredient of Porce¬ 
lain Enamel Frits, Ceramic Industry, 38:36, March, 1988. 

Turner. W. E S., Recent Developments in Glass-tank Melt¬ 
ing Furnaces, Glass Industry, 28:363, July, 1947. 

Wainer, Eugene, High Titania Dielectrics, Eleetroebemieai 
Society Transactions, 89.47, 1946 

Wainer, Eugene and W. J Baldwin, Nickel Flashing and 
Its Relation to Enamel Adherence, American Ceramic So¬ 
ciety Journal, 28:317, November, 1946 

Wear-testing Ceramic Finishes, Ceramic Industry, 47:72, 
September, 1946. 

Weyl, W. A., Adhesion to Glass, Glass Industry, 26:567, 
December, 1946. 

Weyl, W A., Mechanical Strength of Glass, Glass Industry, 
27:17, 74; 126, January-MsrM, 1946 

Weyl, W. A, Use of Color and Fluorescence Indicators for 
Determining the Structure of Glasses, ioaraal Ap¬ 
plied Physics, 17:628, 1946. 

Zvanut, F. J., Porcelain Enameling Clays and Their Sonreea, 
Enamelist, 28:21, April, 1946. 



CHAPTER XII 

INDUSTRIAL DESIGN 

by J. P. Youtz 

History of the Profession 

The industrial design profession is relatively new, 

established legally as such only in 1944, the same year 

the Society of Industrial Designers was created It was 

organized to raise the general level of industrial design¬ 
ing m the United States by protecting the client as well 

as the profession itself Its membership is limited to 

those of proven ability The youngest profession, indus¬ 
trial design, emphasizes the need for trained consultants 

to industry and points the way to a program for their 
education—providing men with a know-how m art, en¬ 

gineering, economics, and mass psychology (1) It was 

only after World War I that an affiliated group of ar¬ 

tists, architects, and craftsmen in Europe even attempted 

an organized program of fitting the aesthetic possibil¬ 
ities of material to mass produced items 

Initial movement towards professionalization in the 

United States followed from the collaboration of a 

few artists with several progressive manufacturers to 
attain a more attractive appearance for objects leaving 

the production line Many of these original artists were 
(juick to learn manufattunng techniques, the properties 

of new materials, and the problems of manufacturing 

for the mass market Today they are leaders of the pro¬ 

fession of industrial design 

As early as the eighteenth century Massachusetts’ in¬ 

dustrialists promoted the value of public school draw¬ 

ing and design in an effort to graduate better crafts¬ 
men for industry With the dislocation of style by true 

design and the recognition of function by the artist, 

the American merchants, manufacturers, and business 

men awakened to the necessity of utilizing original de¬ 
signs for meeting both domcsiic and foreign competi¬ 

tion 

In 1922, Nation’s Business published an article by 

Richard Bach, “The Museum, a Factory Annex”; and 

Atlantic Monthly in 1925 under the authorship of 
Ernest Elmo Calkins published "Beauty the New Busi¬ 

ness Tool." In 1928 the Metropolitan Life Insurance 

Company published a 44-page brochure known as The 

Use of Style and Design in Industry Printers Ink in 

1929 came along with "The Glorified Cook Stove Takes 
a Bow," by Arthur H Little; The Saturday Evening 

Post in 1980 printed “Industrial Design,” by Gilbert 

Seldes. Boston Business in 1980 published "Like it or 

Not, Manufacturers Must be Artists Today,” by Albert 
Unkin, and the same year Henry Dreyfuss furnished 
the basis for a story about the designer in the American 

Magazine by Beverly Smith with the title, "He's Into 

Everything” (2). 

Industrial design it simply the application of taste 

and logic to the products of machinery, a means of im¬ 
proving the product of the machine both in appearance 

and performante (3) The industrial designer mutt 

tlioroughly consider the quality of human elements and 
consumer preferences This background to his design 
results 111 a iiinre appealing, usable, and salable product 

As a tesuli of the designer’s intelligent use of materials, 

tnanufatcuring processes, skill in color and form, the 
finished product is attractive because its entire produc¬ 

tion was tarcfully planned 
As early as 1941. the author pointed out that Amer¬ 

ican industry, under the pressure of enormous produc¬ 

tion rates and low manufacturing costs, must elaborate 

designs that recognize the latest products of the labo¬ 
ratory, the tool designer, as well as the demands of 

modern living habits Facilities involving millions of 
dollars of investment and the productive ability of 

thousands of trained men cannot afford to guess at the 

jxipular acceptance of their products The new profes¬ 

sion of industrial design really rests on the shoulders 

of the engineer, is guided by the merchandiser, while 

seeing with the eyes of tlie artist The work of the de¬ 

signer makes industry more productive, makes the 

product more attractive to a buying public and more 
effeaive for those who are to me it 

Industrial design today means product development 

from early stages of research through production, pack- 

Extenor viaw of Viata Dorn* C« on th» Burlington Solboad. 
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age design, sales promotion programs and even to the 

point of designing the surroundings at the point of 
sale All forms of modern living—homes, factories and 

industries, stores and theatres—reflect the skills of the fti- 
dustrial designer. 

The well-designed product, once an excepuon, is now 

demanded by the public in all of its daily contacts 

with the products of industry. Simplicity, functional ex¬ 

cellence through proper selection of materials and form 
are no longer novelties to the consumer 

The broadest possible expression of the function of 

the industrial designer will today include a program 

something like the following: 

Purpose To determine popular sizes, price ranges, 

details of usage (such as which foods are most fre¬ 

quently sought, location of unit-kitchen, porch, ga¬ 

rage, color preferences, etc) 

(t) Engineering Research 

Engineering and Research Departments. 

Purpose- To study physical principles, materials, 

processes, etc 

(d) Conference Integrating All Facts Found 

Sales, Engineering, and Industrial Design. 

Purpose: To provide a sound basic foundation for 

preliminary design. 

(a) Market Research 

Gamed on by Sales Department. 

Purpose To evaluate competition, anticipate pros¬ 

pective volume of sales and locate best markets. 

(b) Consumer Survey 

Carried on by Sales Department under guidance of 
Industrial Design. 

(e) Preliminery Design 

Engineering and Industrial Design. 

Purpose; Formulation of basic ideas into a work¬ 

ing design to incorporate all practical sales fea¬ 

tures advocated in researdt- 

(f) Conference 

Executive, Sales, Engineering and Industrial Design. 



Purpose- Modification and suggesuons on prelim 

inary design. 

(g) Layout Dnwmgs 
Engineering and Industnal Design 

Purpose- Completion of mechanical design, devel¬ 

opment of basic form, specification of hardware, 
trim, and finishes. 

(h) Detail Drawings 

Engineering 

Purpose; Preparation of production drawings. 

(i) Cost Estimates 

Engineering. 

(i) Working Model 

Engineering. 

(k) Presentation Drawings 

Industrial Design. 

(l) Full State Appearance Model 
Indiutrial Dedgn. 

(m) Conference 

Executive, Sales, Engineenng and Industrial De¬ 

sign 

(n) Pilot Production Model 

Engineering and Industrial Design 

(o) Design Modification or Changes 

Engineering 

(p) Final Product 

Through these steps the consumer successively gains 

functional improvements, lower costs, and distinctive 

appearance based on functional requirements, com¬ 
bined with the logical use of matenals and manufac¬ 

turing processes (4). 

The War and Industrial Design 

*’We in Britain . designers, producen and con¬ 

sumers, are still way down in the slough of official 

austerity-our days unlightened by so much as a glimpse 
of the products which we really ate capable of pro- 





ductng (unless u be^ a swift-passing 'export only’ flash) 
For-and make no mistake about it-when the cre¬ 

ative brains of this old land are really freed from the 

cramping hand of bureaucracy, we will once again be 
making a worthwhile contribution to better living, to 
a more gracious living, a finer contribution than we 

ever made before" (5) 
The only work worthy of human beings is the doing 

and making of things, tangible and intangible, that sat¬ 
isfy the worker's own needs and desires, and the desires 
and needs of other people In a society as complex as 
ours, work calls for the application of ingenuity and 
energy by a host of specialized individuals The forces 
operating to create the demand for a product are al¬ 
most infinitely intricate, far tfX) complex to be com¬ 

prehended in their entirety by even a group of minds, 
and impossible to direct fiom any central source When 
we reject directed, bureaucratic controls, a managed 
economy, "made work," the appalling version of "free¬ 
dom" offered m Sir William Beveridge’s counsels of 
despair, we are doing two things we are refusing to 
let our wants and desires be interpreted or be satisfied 
according to a ration book As a people we have tre¬ 
mendous unsatisfied needs And it appears that these 

needs are indefinitely expansible We have the means 
-material, stieniific, and technological—to satisfy these 
potential demands From all past and present evidence, 

resources in ail three categories will continue to ex¬ 
pand as rapidly as we can make use of them (6). 

The peculiar pressures of war have brought changes 
of technique, materials, and methods of building, 
changes which are not all new but new in their in¬ 
tensity Already an enlightened social conscience has 
been reflected m a better standard of equipment (7) 

During the war many new, more efficient types of 
tool were evolved for the use of the engineer In every 

branch of tool-making, improvements are being em¬ 
ployed by industry with a view to die greater efficiency 
and more agreeable appearance of the product These 
qualities invariably go together, as they should in good 
design If a tool looks and feels right, it usually is right 
If It looks clumsy and is ungainly, it almost certainly 
needs redesigning For example, the table knife of to¬ 
day IS being made much lighter The blade is tapered 
and shapely, and the handle slender and more com¬ 
fortable to manipulate It cuts well, feels well, and 

looks well That is a long way on the road to good 
design, but not all the way Ease of cleaning, fine finish 
and beautiful materials should all contribute their share 
to the design and production of the perfect knife (8) 

Post-War Design Plans and Dreams 

The impact of the profession of industrial design on 
the field of architecture is a logical trend represented 
by architects acuvely participating in design problems 

which frequently included exhibits, displays, and even 
packaging. Henry Dreyfiiss, in cooperation with Edward 
L Barnes, an architect, developed a pre-fab house for 
the clamoring GI and proof of its freedom from the 

dream element was its consideration by the Consoli¬ 
dated Vultee Aircraft as a possible outlet for released 
waMime production capacity in the aviation industry 
(9). 

The cmisultant on design is a dearing house of ideas 

This dangn (or a two buraor oloelrie hot plot# bad to bo 
outotanding m a bigbly compotitivo morkot. wbU# moot- 
mg tho oxistmg production locilitios ond oldlls of tbo 
manufacturor. Smeo stamping prossoo with a moxiinum 
draw ot m. woio availablo, all poosiblo olomonta of 
tbo product woro designod (or this mothod of fabrication. 

This IS lbs fanishod product as dosignsd by Bsnlamm L. 
Wsbstar for tho Gsnsral Aviotion Equipmsnl Company. 
Tbo final dosign was choson by caroful toot from sovoral 

altomatss. 

related to all phases of the product including produc¬ 

tion, sales, and use The new role of industrial design 
lombincs engineering with functional styling. The best 
outlet for additional applications of the work ot the 

skilled consultant is today .tmong small manufacturers 

and firms with new or auxiliary lines This was empha¬ 

sized at the recent exhibit of the Soaety of Industrial 

Designers, which was notable for its absence of futur¬ 

istic drawings of idealized products, and for the pres¬ 

entation of products now awaiting release by recognized 

manufacturers (10) 
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llte profession of industrial design has expanded un¬ 
til individual iinns now maintain oflites throughout the 
world with hundreds of employees and a monthly pay¬ 

roll closely approaching the six figure value The in¬ 
dustrial design piofession represents a 25 million dollar 
business divided among 500 or more industrial design 
specialists. 

Modern steamships, buildings, tractors, and railway 
tars owe their lomfort anti efficictity as well as their 

more attractive appearance to the work, of the profes¬ 

sional industrial designer Dining cars that look hke 
a group of rooms rather than a long corridor, modem 
tpwns in the interior of Brazil, and aircraft with the 

Giaheli turret lath* buioru redusiga bad protruding iornia 
and Mparatu houaing* aacurad to nachina. 

appointments of the finest luxury cruise ships are the 

products of experts in the use of color and the psychol¬ 
ogy of consumer reactions Speaalists in merchandising, 
industnal designers build the impressions of solid te- 
(unty into ainraft cabins, lightness and speed into rail¬ 
way coaches, warmth and comfort into aircraft flying 
near the arctics, coolness in the planes of the tropics, 
luxury at the low-pnced dining counter, and will put 
your favorite color in tlic tooth brush handle to n^e 
It sell Itself to you (11) 

Post-War Designs 

Post-war production, which had attracted the export 

Rudaaign gore ■implification of mow cmd accanibilily of 
eontrela foi improvad uiGcinicy and oppuaroncu. 

Th* Niagara OupUeatot boier* the macUB* wot nd«> New Niagara DupUeotor, a Inily p«rt>war pradud. 
signed to cembine better engineefing wiib luaettonol euree manuiaetusteg eeanoaslee and teprered pi^el 



MiIm Laboratonu at Elkhart, Ind., u an •xeslUnl •xompU oi modem iadualnal buildmg deaign. It U built with 
glare and bght-directional (pnimatic) block, and » completely ou conditioned. 

Iiuycr, has drawn attention to the need for new and 
original designs This trend, for example, is shown in 
the post-war office machines They represent completely 
new designs, technically improved by die inclusion of 
new features Howeser, their utilitarian appearance is 
obviously die great improvement This general improve¬ 
ment may be seen spenfitally in typewriters Besides 
being lighter, and easier to operate, because of mechan¬ 
ical improvements and the incraised use of light alloy 
sheet combined with die castings, they follow the mod¬ 
ern trend with working parts completely enclosed (12) 

Design IS a fundamental sales tool but it must also 
be closely linked with the various divisions of manu¬ 
facture When a product fails it may fail for a variety 
of reasons including poor engineenng, production in- 
effiaency, inadequate distribution, etc A well designed 
product capable of facing competition requires good 
engineering, adequate manufacturing facilities, effiaent 
methods of production, .sufficient capital reserves, com¬ 
petent sales direction, well-oiganized distribution, com¬ 
petitive prices with adequate maigin to distributors 
The master link in coordinating these activities con¬ 
tinues to be increasingly important and centers in the 
design and engineering of the product (13). 

The post-war market is being met by a redesigned 
line of products affording the necessary step-up from 
model to model without unnecessarily burdening the 
entire line with too many units Concentration of as high 
as 96 per cent of the output on a single group of 
models greatly reduces production cosu and retaU pritxs. 

The American public is generally well educated to 
good design, and the design must always be recognized 
as a factor whether the product is new or not. In the 
case of well accepted piquets, the designer’s part be¬ 
comes more difficult and still more important. Well 
accepted products seldom permit radical changes; and 

refinements of basic style become an imporUnt selling 

jHiint Rapid, sweeping th.inges m design are frequently 
piKirly reteived by the public as well as costly to the 
producer through obsolescence of tools and dies. 

Poor or obsolesceni design depresses the turnover of 
used appliances and injures the retailer’s profits In a 
(onipctitivc market, value must ronstanily be boosted, 
ihe product must continuously become more convenient 
lo use, more attractive, and sell at a relatively lower 
tost (14) 

Substantial economies in ptoduction and assembly 
plus added sales appeal result from an analytical ap¬ 
proach to redesign for a product involving safety and 
long life while allowing rough treatment, ease in tooling, 
and high production rates (15). 

Faced with a satisfactory product made by old manu¬ 
facturing techniques at a cost of manufacture too high 
tor post-war market, one redesign considered func¬ 
tion and appearance simultaneously with mechanical 
changes, new manufacturing processes and materials, 
greater volume production, ruggedness with smooth ap¬ 
pearance The resulting product, the Niagara Dupli¬ 
cator, IS a fine example of meeting competition before 
it really begins to be felt at the sales level It repre¬ 
sents the prcxiuction of a truly post-war product with 
manufacturing economies and improved performance 
designed into the product from the very start. 

The principal materials for the construction of lug¬ 
gage have for centuries been wood and leather, often in 
combination The first major change in heavy luggage 
was brought about by the use of fibreboard covered 
with canvas In recent years fibre has been largely re¬ 
placed by thin plywocxl Developments in light metal 
alloys are now providing further opportunities for the 
construction of light-weight luggage. Other suitable ma- 
tenals include the so-called leather-cloths (cotton fab¬ 
rics coated with nitro-cellulose or polyvinyl-chloride), 
and cotton duck impregnated with resins (16,17). 
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Francesco Collura's iron and cooker for General 
Mills, Dave Chapman's collaboration with National 

Sewing Machine Company for the improved design for 

Montgomery Ward & Company, and the integrated op¬ 
erations of such nauonally famous designers as Walter 

Dorwin Teague, Harold Van Doren, Henry Oreyfim, 
and Raymond Loewy—to name a few—offer their clients, 

market analysts, architects, engineers, draftsmen, model 
makers, and machinists (10, 19) 

The President of the Studebaker Corporation in his 

address before the conference of The Society of Indus¬ 
trial Designers on October l.'i, 1947, expressed his opin¬ 

ion as follows “Willingness to buy or ‘discretionary 

spending power' as contrasted to 'necessity buying’ plus 
new products that are both better and better looking 

. . create dissatisfaction with what we now have and 
keep OUT economy functioning at a high level.” 

An example of modern design abetted by p6st-war 

shoruges and the resulting seller’s market provides a 
unique module mechanism for flexible, mass produced 

structures These are largely completed at the factory 
where preasion tools and supenor workmanship are 

available Such new designs m various products get their 
opportunity for acceptance today because of shoruges 

in sources of supply Finished articles are produced ac¬ 
cording to a module plan without any restrictions on 

sire It IS a daring concept given great stimulus in the 
present urgent need for large quantities of housing or 

furnishings with the minimum quantity of inefficient, 

high cost labor and scarce or unsuited materials Qual¬ 
ity control, precision machinery, and quanuty produc¬ 

tion under factory conditions of mass production pro¬ 
duce a wide diversity of modern housing units ready 

for field assembly (18). 

One manufacturer of steel products sold to the auto¬ 

motive trade hesitates to adopt a new design made of 
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metal because of the critical position of the new users 
of sheet steel and the possibility that new designs will 
involve other materials such as plastics Railway equip¬ 

ment, except in the case of a top ranking company 
operating with a high percentage of its own equip¬ 
ment. has been slow to reveal designs which have been 
off the designer’s board for more than a year This is 

partly due to the high priority given freight equipment 
and partly because of the fluid position of the control 
and management of many of the roads at the moment 

These two factors are now being resolved to ficrmit go¬ 
ing ahead with ideas such as incorporated in the “Train 

of Tomorrow ’’ Fair trading and other regulatory trade 
practices have also reduced the competitive urge to 

launch new designs 

The Need for Fundamental Redesign 

As the architect and the structural engineer create a 
mcxlcrn building so must the skills of the artist and the 
engineer be combined if modern products are to meet 

current popular needs The product of their design 

must work satisfactorily without constant and compli¬ 
cated adjustment or repair, it must he adaptable to the 
machines and materials available for us manufacture. 

It must be made easily and inexpensively, and above 

all It must appear to have value in excess of its cost 

when judged by the customer for whom it was designed 
In other words it must look desirable and tell its story 

so that Its value will be recognized in the market 

Twenty years ago the consumer was not conscious of 

industrial clesign and seldom found good design in the 
product About ten years ago industry began to notice 
that articles possessing suitable design attracted more 

sales. Today the consumer expects and insists upon 

good design (24). 

The skill of the designer is expanded immeasurably 
by mass production, new materials and world-wide dis¬ 

tribution Beautiful new things are now no longer re¬ 

garded as a privilege of the very wealthy Art is no 
longer the product of a few 

Lawn mowen, office equipment and domestic labor 

saving devices are beautiful but they incorporate a 
harmonious design that permits them also to work 
more efficiently The struggle for the public's approval 

through an appeal to the eye affects the decision that 
controls the pocketbook, all the way from the beauty 
shop to the machine tool industry. 

The industrial stylist and artist ate yielding their 

place to the industrial design engineer who works with 
the staff necessary for handling everything from the 

production schedule to the distribution plans Eye ap- 
jieal means something more than nevj. It represents a 

personality for the product, an indication of its abil¬ 

ities, and the skill which has gone into its production: 
in fact, it should be a graphic and accurate expression 

of true value. 

Appearance as an indication of proper design is no 

longer an effect created by a product's slow evolution 

in the hands of craftsmen trained through a long ap¬ 

prenticeship. Developmentt now proceed at a rate 
aitich donands piofMonal designers who are experi¬ 

enced in or at least can quickly learn the production 

operations involved in today's manufacturing system 
The industrial designer works in close cooperation 

with the experienced draftsman-designer and produc¬ 

tion engineer from the earliest stages of the design 
(ximpromises for beauty and function disappear into 

an integrated design which focuses attention on the 
product’s ability to perform It gains beauty from the 

perfection of its successfully completed design It should 
always form a pan of the developed product. The 
oiganization of the parts in the machine should be 
achieved in exactly the same manner that the artist, 
the sculptor, and the stage designer develop their most 
successful designs, starling with the selection of ma¬ 
terials, colors, dimensions, and their organization 

Simplification has done much to improve the appear¬ 
ance of modern products and the much abused term 

of streamlining is gradually being restricted to those 
appbcauons where dynamics are truly involved Im¬ 
proved die casting, injection molding of plastics, sheet- 

metal forming, and welding are all providing means 

for greater economy, more efficient use of material, the 
elimination of unessential frills, and the production of 
much cleaner, functional machines Nevertheless, the 
consumer will not accept over-simplified, severely plain 

articles vdien the availability of materials permits the 
slightly more decorative model In many instances this 

afbrds the merchandising men with their much desired 
and reasonably priced deluxe and standard models 

Compact but atlraetivt pewdor nom on railroad coach 
appoola to iomiaiao paasoagon. 
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The trend, however, seems to be toward more emphasis 

on the achievement of beauty in design through a care¬ 
ful study of proportional relationships and the proper 
use of materials rather than by a superficial application 
of traditional art forms, added areas of chrome plate, 

and other similar stylized factors Eacli design becomes 

a new measure of the designer’s ability and can only be 
an approach to a theoretical ideal 

The designer must be well-informed in those fields 

of science and engineering which relate to the cost of 
materials, the cost of manufacture, the cost of distribu¬ 

tion, and the present trend in the held of economics 
>,He must have a definite aptitude fur aesthetic and basic 

design as well as a real ability to evaluate current pub¬ 
lished literature in his fields He must be Ic^cal, an¬ 

alytical, and have an organized design program which 
distinguishes between the essential and the irrelevant 

Designs must be human because they are not only cre¬ 

ated. but used and appreciated by every type of person 
(20) 

Machine styling must be related to the useful life,of 
the Item so that it does not become obviously dated be- 

lore a reasonable percentage of that life has been util¬ 

ized Hence, ulficc, scientific, and industrial equipment 

generally must represent a more conservative approach 

Eye-catchers on the sales floor might very soon become 

eyesores in the factory, office, or home Good aesthetic 

|udgnu-nt is indispensable to satisfactory design The 

basic form, its utility, safety of operation, maintenance, 

cost, materials used, and the means of its fabrication all 

leprcsent steps in obtaining the final unity of design 

Qualities of style to be evaluated in any product devel¬ 

opment may be summarized as follows 

A atondend d«al«r outlet doeigned by Berytnond Loowy lor International Horroetor. 
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(a) Unity 

(a) Siniplifii ation of Korm 
(b) Pmportional Relationships 

(t) Repetition 

(b) Interest 

(a) Emphasis 
(b) Contrast 

(t) Rhvthm 

(<) Balance—Furthei Enhaniement of liasir Form 
Throufr/i Surface Treatment 

(a) Color 
(b) Texture 

(0 Quality 

The tnaniifacttireis faced in a competitive market 
with problems of appearance arc rciogniring the pub¬ 

lic demand when they employ the services of an ex- 

pcriciued industrial designer He is charged wiili the 
responsibility of analv/ing the very reason for the ex¬ 

istence of the product and ns function He attempts to 
design the {iroduit to sell itself through its obvious 

ability to perlonn its functions and to appeal to the 
pride of ownership, at a price which the greatest pos¬ 
sible number tan well afford (21) 

In a crowded market the industrial designer must 

carefully evaluate competitive products and pay close 

attention to then engineering and functions The de¬ 
velopment of a cigarette case and lighter provides a 

good example to illustrate this point Beginning with 

the market analysis to determine the salient features to 
be incorporated in the product, a combination cigarette 

case and lighter was developed offering lightweight, the 
capacity of holding a full package of cigarettes and 

two weeks’ fuel supply, convenient use and simplicity 

of design in both appearance and function A lighter 

which will light almost a carton of cigarettes on one 
filling, easily filled and easily maintained, is ready for 
a competitive market because the designer has consid¬ 

ered not only the user’s needs but also the manufac¬ 
turer's production requirements Thus the industrial 

designer is constantly performing his function of liaison 

to reconale low cost products with the public demand 
for beauty, simplicity, and dependable performance, 
using the latest knowledge in technical products and 

engineering materials (22) 

Sales and Product Engineering 

The design engineer is responsible far integrating the 
policies and company objectives with the product’s de¬ 

sign Thus he may broaden his perspective and take on 

new responsibilities in the measure that he appre¬ 
ciates the need for better and cheaper processes. Re¬ 

designing for simply the pleasure of having a new 
product must give way to designs for higher qualities or 

for lower prices A seller’s market in the face of ma¬ 

terial shortages and the difficulties of reconversion tends 

to inaease costs and result in inferior quality This 
means that design improvements should generally avoid 
excessive changes, at least those which would result in 

unjustified increases in costs due to tooling. The best 
design is frequendy the one which peimiu continued 

large stale production of a few basic units fonning a 

Lompletc line of products. If the original design is 
fundamentally sound, new features can be incorporated 

which will provide added sales appeal without greatly 
inaeasing the manufacturing cost 

Designs must obviously be fitted to the position of 
the company in its particular field as well as to the 

field Itself This means close cooperation with sales and 

management as well as with the production division 
It should be based upon and take full advantage of 
the knowledge of current m.trket conditions and current 
customer reactions Designs should look ahead and yet 

should not be so far removed from present conditions 
as to make them incompatible with the needs of the 

lonsumer A seller’s market has appeared m the picture 
because of shortages of sufficient suitable materials for 
m,inufa(iure .Siutessful designs must be adjusted to the 
materials available at a reasonable cost The production 

division can nun a good design by faulty manufacture, 
but a poor design cannot be made successful by all the 

efforts of the manufacturing division, the inspection di¬ 
vision, or the sales division, who though they may fail 
to get the most out of good design, cannot alone make 

a |)oor design successful The design engineer should 
be able to lake the responsibility of leadership in guid¬ 

ing the planning of many company operations (2S) 
A non-tethnical public is first impressed by a pleasing, 

distinctive appearance It appreciates performance qual¬ 
ities only after a period of use Mass-produced con¬ 

sumer goods require the sen ices of an engineer with 

taste and a Hair for merchandising (New materials 
dirtate new forms, new combinations, new finishes, and 

iin|)osc new limiiations) New and beautiful materials 
overcome sales resistances, appeal to pubhc taste, and 
lake advantage ol a rooidination of market surveys, 
technical knowledge, and merchandising practices to 
make a product sell over its competition 

With the re-appearance of keen competition, reduced 

costs to the consumer are essential, but not at the ex- 

To ocliiaT* the •conomias of modular coordination, 4 x 8 in. 
faca bricki war# utod in the eonilruclien of thia factory. 
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Thit Seelt-Alwatar outboard motor woa radoaianod to 
improTa ita iunction, appaaranca and accaptability. Its 
modam daaign dapanda upon amootb. iunctional abapa 

rothar than aupaificial omomantotion. 

pense of performance or appearance The designer must 
never price the product out of the market, llie design 
must be tailored to fit the existing situation in the 
client’s plant, the plant can not be tailored to fit the 
design Cleaning up a product not only improves its 
appearance but lowers cost, while useless ornament 
produces a “busy" and hard to clean, often expensive 
product Good design depends upon smooth, functional 
shapes rather than superficial lines or ornamentation 

Different price levels in a line of products must be 
apparent by the extenors The basic model must be 
complete in itself, and the higher cost items should 

look their part although enjoying the same basic de¬ 
sign—all without looking overdone (24) 

Every manufacturer who places products before the 
public for sale must keep foremost in his mind the 
need for public acceptance of his product In addition 
to public taste, the manufacturer must consider avail¬ 
ability and cost of materials, cost of manufacturing the 
product as designed, and the fact that no element of 
basic utility has been sacrificed for the sake of design 
Manufacturers’ requirements for a wide vanety of 
metals and alloys to satisfy the product’s design and 
engineering demands are resulting in more new raw 
materials and methods If materials are not immediately 

available which will permit manufacture of the product 
as designed, or if the cost of such materials and the ma¬ 
chines necessary to shape these materials is prohibitive, 
the design of the product must be altered (25) 

Each piece of equipment, each tool, each device and 

.ippliance should serve its specific purpose, honestly and 
fairly, in appearance as in performance Out of the 
multiplicity of services devoted to a product’s creation 
will come the visual unity and purposefulness that 

makes the product a pleasure to see and use (26) 

A step by step study of carton design, for example, 
includes the elements of consumer interest and sales 
stimulus choice of overall design, variation of the de¬ 

sign for emphasis of certain elements, refinement of the 
completed design including color, layout, topography 

(27). 

We are advised that industrial design is the applica¬ 
tion of art to mass production Merchandising combines 

consumer research with the economic means of filling 
the public’s wants Their common goal is to increase 
sales and profiu through the improvement of the func¬ 
tion, appearance, and acceptability of the product (28, 

30). Design for appearance and wide public acceptance 
mass production and function afford an example of 
the tie-in between advertising, sales promotion, equip¬ 
ment design, and consumer attitudes. An incidental by¬ 
product of overall planning is the favorable employee 
reaction to the influence of the industrial designer in 
plant layout with increased emphasis on good lighting, 
and good color schemes (29). 

The Grmoth of a New Profession 

Heretofore, most stores have been designed by archi¬ 
tects. Without intending to reflea uptm the talents 

and abilities of arcfaitecu we wiih to point out that an 

architect, when he undertakes to work out the plans for 
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a store, does not usually start from a merchandising 
point of view The architect usually thinks in terms of 

traditional ardiitecture He has studied Greek Archi¬ 
tecture, Gothic Architecture, Renaissance Architecture, 
cornices, columns and all ancient architectural forms. 

Because of this background of education he usually 
thinks in terms of creating an edifice instead of de¬ 

signing a machine for selling, when he plans a store 

A designer is hampered by no such traditions He is 
iunctionally minded He is named to think first of the 
use of the thing he is to design, not its traditions It is 
reasonably accurate to say that he habitually approaches 

any designing problem from a merchandising point of 

In designing an item of commerce, a machine, a 
package, the designer asks himself a number of prac¬ 

tical questions What is it intended to do? Will it 

work? Is It commercially competitive? Will it sell? 
He also asks himself the question What is lU aes¬ 

thetic relationship to its surroundings, to its uses, to its 
users? (29, SO) 

The education of the industrial designer through a 
curnnilar approach to the graphic and plastic arts, as 

DmIbb al fi 
t««diM87 of 

part of a legitimate profession, is still relatively new 
and anything but general among the institutions offer¬ 

ing training in that field Such training, organized to 
demand from the student a minimum level of profi- 
iiency, is generally lacking from the arts of the schools. 

The interpretive art of industrial design is suffer¬ 
ing from too arbitrary and subjective terminology, with 
parucular theories becoming creeds Generally speaking, 
current literature tan be considered as sterile of any 

creative thinking 

Ihe Baiihaus approach lacked in the beginning and 

still lacks compactness and basic integration It repre¬ 
sents a lengthy and pragmatic argument of experi¬ 
mentation for experimentation’s sake Function alone 
cannot give birth to aesthetic expression which is an 
expression of a given time The aesthetic reactions are 
expressed in a specific form which in turn influences 

At one of the leading Eastern schools of design the 
first year of a three-year course has eliminated every 

irate of practicality in the problems assigned to stu¬ 
dents It stresses abstract conceptions and inner com- 

Wb«*l chair combinM maximum utility with ottraetiTa 
appearance. Its light weight and tubular conatruclian 

proridee mobility without iatlgue. 

Testing and development laboratory of Beniamin Electric 
Mig Co houses this triple-utility conierence room. 11 is 
used iot engineering and sales conferences and lor com¬ 

munity meetings. 
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pulsions, experiments in creative expression rather than 
III teiliiiiqiies 7he word “design" has been defined as 
.1 (rr.itive intent expressed graphically or plastically in 
lernis of materials and processes, conditioned by a func¬ 
tional puipose even when purely aesthetic in its na- 
iiiie, an idea capable of graphic materialization 

\tcording to the Harvard Report, “the aesthetic con- 
lept IS inseparable Irorii its material embodiment" The 
loinpomiit elements of this material embodiment are 

(a) line, (b) plane tir surface, (c) positive or negative 
spate, (d) values of light and dark, (e) texture, (f) 
color—all conircte elements available to the designer 

The designer is taught to recognize that "More often 

than not his is not a creative expression of an emo¬ 

tional origin based on personal aesthetic impacts 
It may not even be in a specific branch of expression 
(11 industry" The student is introduced to marketing 
problems, consumer problems, the relationship of pro¬ 

duction problems, distribution problems, packaging 
and transportation management The student is con¬ 

stantly reminded that function is an expression of a 

mode of lising It involves the study and knowledge 
of materials, processes, machines Actual instruction in 

industrial design introduces the student to product de¬ 
velopment (32) 

The essential responsibilities of industrial designers 
are social and creative which, if he fulfills them, make 
him a professional man Four cliaractenstics are in¬ 
dispensable to a successful designer sensibility, creative¬ 
ness. social responsibility, aesthetic awareness (33) De¬ 
sign education is a process wheicin the student is taught 
to increase and integrate his own awareness, his re¬ 
sponse to materials, to processes, to human needs and 

desires 

Conrluswn 

The meaning of the term "industrial design" implies 
mganizatton It is basically the external organization of 
products to improve their efficiency in manufacture, m 

performance, in use Efficiency m manufacture is adap¬ 
tation to the production processes and materials, re¬ 
sulting in lower cost of manufacture Efficiency in per¬ 

formance IS functional excellence Efficiency in use is 
practicality combined with beauty which commends ad¬ 
miration for the redesigned product The industrial de¬ 

signer’s services concern new manufartiiring processes, 
new materials applicable to firoducts, use of expanded 

equipment, new' markets, future competition, company 
improvements m products and buildings 

During the reconstruction-period horizon ahead it is 

estimated that $25 000.000,000 will be used in "rede¬ 
signing” production industrial plants alone (35) In 
1948 there can be no question as to the important and 
vital place of the American designer m the economic 

and utilitarian world of today and tomorrow (2) 
America is today only on the threshold of genuine 

product design (25) 

Illusfratwm for this rhapifr were obtainrd through 

the (ouilesy of the .Society of Fndusinal Designers, 

Egmont Arens, J M I.ittle & Associates, Francesco 

Collura, Walter Dnrwm Teague, Benjamin I. 

Webster, Henry Dieyfuss, Raymond Loeivy Asso- 

dales, John Gordon Rideout, Niagara Duplicator, 

Fold Nexus Bureau, Amencan Car and Foundry 

Co, Chicago, Burlington ir Quincy Railroad, The 

American Welding & Manufacturing Co, Benjamin 

Eledtic Manufactunng Co, Oxvens-lllniois Glass Co, 

and Ameruan Standards Assotiation 
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CHAPTER XIII 

INDUSTRIAL ILLUMINATION 

by C . L . Crouch 

Light li the tool by whuh iiidii’s skills are brought 

to bear upon the tasks involved in the pioduction ol 

the various goods to meet his many needs Constant 

progress is being made to produce and convey light in 

sufficient quantify and with suitable quality to permit 
the worker to perform his tasks with facility and com 

fort New light sources with higher elFicieiuy, longer life 
and greater diffusion, and new techniques of light con 

trol, are ever stimulating and making easiei the accom 
plishmcnt of the objective 

Quanltl^ of Light 

Illuminating Fngincenng is unique in as much as it 

deals svith human vision Continuing studies are estab¬ 

lishing the relationship oi light and the ability to see 

according to the characteiistics of the task, namely, size, 

contrast and the time for perception (1 4) While these 

studies point toward optimum levels of illumination, it 
has been necessary to coiiijiromisc according to the eco- 

iiomit ability to incorporate lighting in present interiors 

and arrive at practical rccomiiiendatioiis (W) 

Quality of Lighting 

The aiiiouiit of light on (he task is only a pan of 

lighting Ihc brightness of the stirroutiding environ¬ 

ment completes a jiartncrship Lighting fails if either 
IS larking While light meters testify to the availability 

of light on the tasks of today, both visual comfort and 

performance demand that special emphasis be placed 

upon the environment and its relationship to the work 
We are largely creatures of our environment wluch con 

cbtions our morale and our response to everyday tasks 

(2, 11, 12) 
The researches and studies over the years have re¬ 

cently been boiled down into the following rules (9, IS) 

Serine i\ best when ihrie is a minimum difference 
III brightness between the task and other parts of 
the environment The variation can he i to I to 
provide nearly optimum ronditioris This ts attain¬ 
able in present day interiors Especially ts it good 
practice to piovide surfaces immediately surround¬ 
ing the task whose biightness ts equal to or not less 
than 1/3 that of the task The brightness of the 
tmmedtale surroundings should never be greater 
than that of the task The immediate surroundings 
should be considered as extending out 15 deg in 
radius from the center of the task 

In many good practical lighting installations it has been 
found that after the "heads down” task and its imme¬ 

diate surroundings have been carefully controlled that 
the more remote parte of the environment involved in 

the "heads up" position can have higher ratios Recent 

formutated recommendations (6, 7) are as follows; 

ttughtness mhos pn aims of applet table size from 
tioimal vuwpoints should not exceed 

1 to / between tasks and adjaLenl surroundings 

10 to J between tasks and nioie remote surfaces 

20 to I between luminaries (or windows) and 
sin fat IS adjatcnl to them 

10 to I finyti’heie within the normal field of view 

These mhos nie lecommended ns maximum, re- 
dtu lions are genemlly beneficial 

llic-se raiiciv can be fulfilled through a combination of 

higher reilecianccs for room and equipment finishes as 

well as shielded low brightness lighting fixtures The 
icndcncv in the past has been in use dark grimy unfin- 

islicxl or cl.irk gray metal surfaces in the plant and dark 

wocMivsoik desks and floor coverings for the offices 

Color in Industry 

Vn im|M>rtant factor in acroiiiphshing the higher re- 

ilec lances lias been the use of color The painting of 

machine surfaces has served four purposes (a) increas¬ 

ing visibility by silhouetting the tool against its back¬ 

ground (b) focusing attention by color contrast upon 

ilie work at liaiicl, (c) lending interest to a pleasing 

environment, and (d) bringing about better housekeep¬ 

ing and maintenance (14-27) Study has been made to 
combine low brightness ratios m office interiors for op- 

liniuni visual jierfonnance with suitable decoration to 

prcxiuce pleasing and interesting interiors (10) 

Two-Year Study in Controlled Environment (12) 

The Public Buildings Administration and Public 
llcalih Service conducted, with the help of the National 

Society for Prevention of Blindness. National Bureau of 

Standards, and the Faber Birren and Company, a two- 

yeai study of iniieased illumination and coordinated 

envnonment in the card-punching room of the Bureau 
of Internal Revenue 
follows 

The environment wi IS treated as 

Location Color Reflectance 

Acousucal Ceilings Off-white 70 per cent 
70 " " Acousucal Upper Walls Oif-white 

Lower Walls (8 ft) Blue-green 50 " " 
Hoor Tan marbelized 

linoleum 
SS " " 

Card Punch Machines Gray-green 23 " " 
Desks and Tables Gray-gieen 23 " " 
Trim—doors and sash Blue-green (dark) 15 " " 

The maximum brightness ratio on the work and ma¬ 

chine was 4 7 to 1 and the maximum ratio m the oper¬ 

ator's normal field of view was 8 to 1 

Despite the many uncontrollable factors (such as 

laige proportion of more difficult tasks during the sec- 

221 
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ond year as compared to the first and the large personnel 
turnover due to post-war readjustments) the morale was 
greatly improved and there was in general an increase 
in production ranging from S7 per cent for a particular 
section to an overall gain of 5 5 per cent 

Dayhghtmg 
Later types of glass pnsm block offer more accurate 

control of daylight with sharper cut-off and lower bright¬ 
ness toward the room occupants (28, 29) The block 
IS often installed in conjunction vnth a clear glass vision 
stnp extending up to 6 feet above the floor (6) 

Increased activity in post-war construction has 
prompted renewed interest in design and calculation 

data, including town planning (28-43). 

Artificial Lighting 
Great impetus was given during the war to the use 

of mercury vapor and fluorescent lamps due to approxi¬ 
mately double efficiency and 2 to 6 times the life of 
filament lighung The mercury lamps with their con¬ 
centrated arc emission were used in reflector equipment 
in the same manner as filament lighting for accurate 
control of the distribution of light They are particu¬ 

larly adapted to use in high mounting equipment from 
which the light is directed with minimum loss to the 
work below They are frequently used in combinauon 

with filament lighting to improve the color quahty of 
the typical blue-green mercury light and often twin 
units employing one lamp of each are mounted to¬ 
gether on a suspension yoke 

Fluorescent lamps brought to industry the diffusion 
of a linear source reducing and softening the shadows 
inherent in concentrated sources Since the light is 
emitted from the surface area of a long tube, the bright¬ 
ness (intensity per square inch) is relatively low, pro- 

duang comfortable reflected highlights in many surbces, 
contrasting greatly with the blinding brightness of ex¬ 
posed filament or mercury lamjis and their objectionable 
reflections on glossy surfaces. Due to this low brightness, 
many of the early installations were made with the 

lamps exposed toward the eyes of the room occupants 
This resulted in many complaints and questions (44 to 
47. 51, 52, 55) in which the difficulties were attributed 

to harmful radiation, flicker fatigue and fatigue due to 

the struggle of the eye to focus sharply because of con¬ 
flicting prominent wavelengths These have been studied 
and It has been generally concluded that: (a) there is 
no harmful radiation (48, 49. 50, 53, 54), (b) that the 
flicker is approximately the same as that of a 40-watt 
incandescent filament lamp (56), and (c) that the 
fatigue due to conflicting prominent wavelengths would 
be much less than that for the Cooper Hewitt low 

pressure mercury lamps which were used for years with¬ 
out complaints in industrial plants to achieve better 
vMibibty of deuil (50) Evidence points to the fact that 
when the fluorescent lamps were properly shielded in 
lighting fixtures with low brightness exposed toward the 

eye that complaints began to cease (46) and all agree 
that with proper shielding there is no harmful effect to 
be experienced with this type of lighting (44, 47, 48, 
51, 54, 55) 

Lighting Fixture Design 

A study of the shielding of the RLM type of fluo¬ 
rescent industrial lighting fixtures showed that a simple 

baffle erected between the lamps of a two-lamp fixture 
increased the shielding angle from IS deg to 26 deg 
(57. 58) Readily detachable eggerate louvers are also 
available 

The office lighting fixtures have developed from the 
two- or four-lamp unshielded variety to the dense side 
panels and louven type, to troffers with deep shielding, 
or in keeping with a recent trend to bottom diffusing 

and reflecting trough surfaces for semi-indirect or lumi¬ 
nous indirect lighting (58, 59, 60, 61, 62). 

Speaal designs for specific purposes have been de¬ 
veloped and will be discussed in connection with the 
particular application 

Lamp Development 

The postwar yean have seen a rapid development in 

the use of cold cathode as well as the hot cathode 
lamps The cold cathode manufacturen are making ef¬ 
forts toward standard interchangeable lamps to be used 
with reflectors in package units as well as catering to 
custom-built installations Agreement on an 84-inch 

length from end to end has been made in the United 
States which compares with standard S ft 9 in. and 7 

pmrUbrn non tkoB M ieeKoadlts 
to tcffilM to mlBimii* ikodews. UghUvbto hr itoding dlob a 
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£t. 9 m tubes in Australia Longer life with lower 

brightness and lower output per watt are the charac¬ 
teristics of cold cathode as contrasted with hot cathode 
(29, 61-65). 

While the popular hot cathode lamps are the 40 and 
100 watt sizes, long slim lamps of the following sizes 
have been developed* 

42T6 (42 in long, tube 6/8 in diameter), 64T6, 
72T8 and 96T8 They are equipped with single pm 
base to provide maximum safety and convenience 
They are designed for instant surt service on high 
voltage (450-700 volts) and can be operated at 100, 
200 or 300 milliamperes for three steps of light out¬ 
put and brightness (61-62) 

A 40-watt hot cathode lamp has become avail¬ 
able in a 60 in T-17 bulb to provide low bnght- 
ness and reduce both direct and reflected glare (61) 

A new color for the 40-watt T12 and 100-watt 
T17 has become available and is rated as 4500K. 
Its purpose is to serve as an intermediate step be¬ 
tween the previously available S500K and 65(KIK 
types The fight output is approximately 5 per cent 
less than for the 3S00K lamp 

One hundred and 300-watt filament blown glass 
reflector lamps are now available in hard glass for 
outdoor use where lamps arc subject to thermal 
shock (62) 

A new 1000-watt quartz mercury vapor lamp has 
been developed as an extension of the 100-watt, 
250-watt and 400-watt line of vapor lamps, particu¬ 
larly for use in high bay mounting (58) 

An 80-watt, 5 ft. length, 1(4 in. diameter fluo¬ 
rescent lamp operaung on 200-250 volt, 50 cycle AC 
arcuit and developing 2800 lumens initially is the 
popular fluorescent lamp used in England (61) 

Ballasts and Accessories 

Aside from the currently used ballasts (66-67), new 

studies in ballasts for special applications and for de¬ 

termining the influence of ballast design upon the char¬ 

acteristics of fluorescent lamps indicate an enlarged 
sphere for the use of fluorescent lighting. It has been 

found, by elminating starter switches and arranging for 
continually heated cathodes, that the popular sizes of 

hot cathode lamps can be repetiuvely flashed with re¬ 
sultant long life (2500 hours) and nominal light out¬ 

put (68) High frequency operation of fluorescent 
lamps indicates a gain in eifiaency, power factor and 

regulation with a resultant reduction in size and weight, 

for inductive, capacitive and resistance type ballasts 

Frequencies in the range of 300 to 600 cycles permit the 
use of very small, light-weight capantive ballasts with 
maximum overall eifiaency (69). Satisfactory operation 
of cold cathode fluorescent lamps has been established 

for 600-volt direct current systems even where frequent 
interruptions of the circuit occur in the field of trans¬ 

portation (70), 

APPLICATIONS 

Offices and Drafting Rooms 

It has been found that a controlled environment with 
low brightness ratios can be accomplished through a 

combination of: (a) lighter room and furniture fin¬ 
ishes, (b) well-shielded low brightness lighting fixtures, 

and (c) careful daylight control (6, 7). While recom¬ 

mendations are available in detail, a rou^ summary 
may be made as follows; 

r Room Surface Reflectances | 

Ceilings 70 - 85 per cent 
Walls 60 - 60 “ " 
Dado 30-35 “ 
hhadei or Venetian Blinds 40 - 60 '• “ 

Furmture Reflectances 1 
Desks 30-40 “ " 
Equipment 20-35 “ 

Lighting Fixtures 1 

(Maximum brightness 450 footlamberts 
values) honzontal to 45 deg 

below 

A rcieni analysis (10) indicates that the above recom¬ 
mendations produce ratios up to 7 to 1 for most sys¬ 

tems of lighung but when the lower parts of the room 
have low reflectances the ratios rise to 30 to 1. 

A variety of attractive well-shielded low brightness 
lighung fixtures are now available as evidence by the 

exhibits at the recent International Dghting Exposi- 
Uon (71) Care should be taken to check the shielding 

and brightness measurements in the zone from the 

honzontal to 45 deg below to see that they meet the 
recommendations as given above 

Much interest has been directed toward so-called 

louverall ceilings in which the complete ceiling is 
louvered to hide at casual viewing angles the lighting 

equipment, structural non-uniformities and mechanical 
equipment (pipes, sprinklers, etc) Such ceiling ele 

ments are now production items and are available in 
several patterns, sizes, materials and finishes The ap¬ 

proximately 6 in hexagonal type stamped from matte 
surface aluminum gives a honeycomb effect which 

permits slight misalignment without apparent du- 
tortion The cells can accommodate reflector spot lamps 

on adjustable mounting for highlighting A small 2" x 
2" X 2" vinylite plastic arrangement allows lor both 

transmission through and reflecuon from the louven 

producing a highly efficient, attranive pattern or tex¬ 

ture The eggerate type made of light gauge steel, 

C«Dt« beflO* fai laduaMol OnorMeaDl uidl qivM cqsptexliaatolr 
deufcU sUaldlng cngla agednst glow. 



finished in white enamel has proven very satisfactory 
in many designs of louvered lighting fixtures during the 
last few years. Helpful design information is available 
(72) 

Reflections of lighting fixtures (or lamps in the light 
ing fixtures) in dark polished desk tops or glass tops 
cause distracting annoyance or actual veiling reflections 
in glossy papers (books, tracing paper and cloth, etc) 
These are alleviated by continuous lines of light, dif¬ 
fusion of light downward, luminous indirect lighting 
(7S) or orientation of lighting fixtures in reference to 
desks (74) A recent study analyzes the relationship oi 
reflected glare to the office tasks (75) 

PERCEPTION OF INDUSTRIAL TASKS 

Opaque objects or materials have been classifaed into 
two dimensional flat surfaces and three dimensional ob¬ 
jects witii shape and contour Perception is influenced 
by the reflective characterisucs of the surface involving 
the degree of gloss and color and the three dimensional 
spatial relationships as revealed by highhghts and shad¬ 
ows (7. 76) 

Two Dttnenstonal Under Surface with Gloss 

Directional light oriented to eliminate reflected im¬ 
ages IS used to reveal the color and texture of surfaces 
having a degree of gloss 

Two Dimensional Non Glossy Surfaces 

Reflected images of large, low brightness areas are 
used to reveal marks, scratches or defects in glossy sur¬ 
faces Uneven coating or polishing is revealed by dis¬ 
torted images reflected from symmetrical lines on low 
brightness surfaces Reflection of large luminous areas 
are particularly appropnate for working on metal sur¬ 
faces winch have a considerable degree of specular or 
roughly polished, as well as highly polished, surfaces 
(77. 78) 

Three Dimensional Non-Glossy and Glossy 

Iliree dimensional opaque objects are seen both from 
their two dimensional surface characteristics as well as 
from their spatial relationship as revealed by high¬ 
lights and shadow Light from a large diffusing area 
such as the sky or a brightly lighted ceiling produces 
completely diffuse and shadowless illumination because 
light comes from every direction to eliminate shadow 
laght from a concentrated chrectional source produces 
a high lighting of surfaces facing in its direction but 
casts shadows on surfaces turned avray or hidden from 
ns beam A happy combination of each is suitable for 
revealing the spatial contours of a three dimensional 
object—highlighting on important surfaces to be seen 
combined with softened shadows to reveal contour. Na- 
tute presents a good example with proportions of 4 
parts of directional sunlight to 1 part of diffuse sky¬ 
light at 22 deg. sun altitude and 10 paru to 1 at zenith 
m June. Highlight images of luminous surfaces or lines 
of light often help to reveal contour. 

Slight Three Dimensional Effects 

Someuroes the liglidng must be designed to show up 
slight three dimensional charactetittics. The inspection 
of flat materials for npple or washboard effects is best 

' . seen under directional light sweeping' obliquely across 



the surface casting slight shadows beyond each ridge or 
tipple (79) 

Transmitted Light 
Cracks and foreign material are seen in transparent 

and translucent materials by transmitted light from 
luminous area sources (7) Seeds, unevenness and lens 
effects in transparent materials are revealed by luminous 
areas with cnss-cross contrasting lines Scratches and 
small bubbles in transparent objects are best seen by 
edge or oblique lighting (77) 

METALWORKING INDUSTRY 

Steel Mills 
Recent thinking in the lighting of steel mills indi¬ 

cates graduated lighting according to the seventy of 
the visual tasks (7, 80-82) More filament than mercury 
lighting IS used in this industry Many of the mounting 
heights are above 30 ft in relatively long narrow build¬ 
ings so that high bay lighting fixtures with their ac¬ 
curate control of light towarrl the working area are de¬ 
sirable Design techniques for mercury lighting have 
been discussed (83) 

Foundries 
Recommendations for the lighting of foundries are 

made in accordance with the type of work earned on 
(7) and these are illustrated m descriptions of typical 
installations for general lighting (84) and inspection 
(85) An interesung artificial skylight effect was pro¬ 
duced in a Bniish foundry through banks of 6 80-watt 
fluorescent tubes in each fixture (fil) The use of the 
SOOO-watt tubular mercury lamp m a tironre and alumi¬ 
num foundry decreased the number of units to maintain 
while producing 35 footcandles over 109,000 square 
feet of plant area (86) 

GENERAL VIEW OF PAINT SPRAY BOOTH INTERIOR 

Portobl* liabliug aquipniral lot m*lalwoikisg inapaettea 

Forgings 
The lighting of a grinding and polishing room for 

small forgings having an atmosphere of fine abrasive 
dust requires easily maintained industrial fixtures 
These should also incorporate a shielding of the lamps 
to produce a low-brightness, reflected image in polished 
parts (87). 

Machine Shop 

The operation of the machine shop involves work 
upon semi-polished or polished metal surfaces The ma¬ 
chine tools may be roughly divided into horizontal 
spindle machines, vertical spindle machines, milling ma¬ 
chines, shapers and planers The visual tasks involve 
the reading of semi-polished dials, gauges and madun- 
ists' instruments (micrometers and scales) and follow¬ 
ing the cutting tool Broad, low-brightness highlights 
are necessary for perception of the task. Current indus¬ 
trial lighting fixtures can be used to good advantage in 
a grid layout to produce highlights broader than from 
a single direction of orientation (88-93) Poitable fix¬ 
tures or flexible supplementary lighung are necessary 
for seeing into deep cuu or inspecting internal work. 
If the local lighbi^ units are of sufficient candlepower 
the wmli surface may be seen by diffuse reflection from 
the grain of die surface (94-95) Hie tool and stock- 
room requires good lighting for rapid and accurate 
reading of the markings on tools and labels (102). 

refiecto a large lew-biighlaeu luminous area on suiiacM 
to be examined. Light posses through traeiiig cloth. 
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Inspection of finished parts and accurate |;auging is 

often carried on where special designs have been made 
to produce very broad highlights tn dat and curved 

surfaces (96-99) Sometimes intermediate prmesses re¬ 
quire colored lacquers involving special problems (100) 

or the inspection of parts require detccuon of very 
faint traces inditatitig the location of flaws or defects 

(101) 

Sheet Metal Fabiuation 

The use of large, low-brightness highlights is involved 
in sheet metal fabrication The relationship of the 

lighting unit to the shear, the brake, tlie pundi and 
the iornimg press has been reconime nded fur optimum 
visibility of inscribed marks, scales and die raw ma¬ 
terial (103) Typical installations have been described 

for the lighting of a guide line on a steel shear (104), 
a power brake (lO'i) and a punch press (106) 

Wer/ding 

Welding involves the use of a hcxid with ultra-violet 

and infrared absorbing as well as light rcducuon glass 

lens A conflict between the eye adaptation under room 
illutnination without the hood and the .idaptatioti with 

the hood to a brightness of the welding arc of from 
8 to 25 candles per sq in presents a problem How¬ 

ever, installations of gencr.il ilhiinitiation of from 30 

to 150 footcandlcs have proved highly beneficial in 
assisting the transition and niinimiring the eene (lashes 
Mercury lighting blends well with the color of the weld¬ 

ing arc Fluorescent lighting is an aid to percep 
tion oi metals due to its low-brightness images laght- 
ing fot various phases of welding and bracing has been 

recommended according to the conditions involved 

(107) 

Assembly 

Heavy assembly is generally carried on in areas where 

an overhead crane can move and assist in placement 

ot parts This involves high bay type of construction in 

which high bay lighting equipment becomes appro¬ 
priate including filament, concentrated mercury lamps, 
and 3000-watt mercury tubes Typical installations have 

been described using various arrangements (108, 109) 
Line assembly is generally lighted from both sides 

with rows of closely spaced incandescent or mercury 

lighting, or more recently by continuous fluorescent in¬ 

dustrial lighting, fixtures, sometimes tilted toward the 
assembly line if the work objects are high The ob¬ 

jective IS to produce a maximum penetration of light 
into all parts of the assembly with a minimum of 
shadow Since polished or semi-jiolished surfaces ate 

involved in many cases, the larger, low-brightness im¬ 

ages of fluorescent lighting are advantageous (111) 
Bench assembly is lighted from closely spaced in¬ 

candescent lighting over the worker's edge of the bench 
or from fluorescent lighting located lengthwise in front 
of the worker over the center of the bench, or per¬ 

pendicular to the direcuon of the bench (112-113). 

Finishing and Painting 
Finishing and bulling require latge, low-brightness 

highlighu to detect roughness, burrs, uneven surfaces, 

etc Likewise the painting of lacquers is best accom¬ 

plished under similar lighting to eliminate uneven ap- 

phcatuin (58, 111, 114) Vapor-proof, fluorescent in¬ 
dustrial fixtures above sealed glass windows to the spray 

area or explosion-proof fluorescent units in the finish¬ 

ing rcxiin give good quality illumination 
Where glossy reflections are not a factor and matte 

finishes are used, concentrated incandescent light sources 
III suitably sealed housings or tight equipment with a 
maintained highcr-than-room-air pressure have been 

used satisfactorily (115, 116) 

Wire Manufacturing 

Wire mav be seen as it is drawn through the wire 
|>ulling machines by highlights which make it appear 

in contrast to its background I he jirojjcr location of 

well-shielded, lighting equipment to reflect highlights 

to the eye of the worker is essential to good lighting 

(117) 

TEXTILE INDUSTRY 

Ihe visual tasks in the textile nulls involve primarily 

the jierccption of threads with little contrast between 
the individual thteacl and its background (118, 119) 

High values of illumination arc necessary to perceive 
such fine details with jxxir contiast Recommendations 
lor the lighting of each operation from the raw material 

to the finished prcMlucl have been made (7) Due 
to the desire for elimination of shadow and for a 

conipaiative, white light source, fluorescent lighting has 
greatly improved the seeing conditions in the textile 

mills with many examples of good lighting for each 
step in the process of manufacture (25, 118 to 124) 

Hosiery mills with difficult seeing tasks involving very 

fine thread have found 50 to 100 fcxitcandles appropri¬ 
ate in recent installations (86, 126) 

The garment industry also involves a number of impor¬ 
tant visual aieas Insjiection of cloth as it comes from 

the null involves careful inspection for flaws and con- 
si,inty of color The unrolling of the material generally 

occurs nears the windows to lake advantage of the day¬ 
light The new fluorescent, clayhghting lamps offer a 
gcxsd source to supplement the failing daylight or fur 

nisli a satisfactory substitute Sometimes color is not a 
factor and a large diffusing source furnislies a good in- 
sjiection light For translucent cloth a laige, low-bnght- 

iiess source liehind the cloth is essential (127, 128). 
Ihe cutting tables are generally lighted by a con¬ 

tinuous row of fluorescent industrial lighting fixtures 

mounted from 7 to 10 feet above the floor and over the 
center of the long table Recent trends in the lighting 
of the sewing machine tables indicate a possible chang¬ 

ing over fnim small adjustable fcx-al lights at each ma¬ 
chine to continuous rows of fluorescent lighting over 

the center of the tablet, eliminating the high-brightness 
between the sjjot of light at the needlejwint and the 
rest of the table (129). 

Needlework also involves fine detail with very poor 

contrast Localized general lighting of 100 footcandles 

with good diffusion is not tcx> much for this type of 
dose, exacting work 

Cleaning and pressing work demands skill and close 
visual application in spotting and examining, in repair 



and alteration, machine finishing, in hand finishing and 
final inspection Recommendations in accordance with 
the task and its local conditions have been recently 
compiled (7) 

PRINTING 
Ty|>c coinpositiun and handling recjuire that the char¬ 

acters be portrayed through the use of reflected images 
of large, low-bnghtness luminaires on the type sur¬ 
faces (7. 130) The lumiiiaire should have low (500 
fooilaraberu), utufonn brightness and be large enough 
for Its image to cover the entire form The illumination 
level at the type should not be less than 50 foot- 
candles 

The same principle should be tamed out for the 
presses Due to structural conditions some compromises 
may be necessary but nevertlicless good lighting condi¬ 
tions tan be effected (62, 131-132) 

Inspection fur quality control in color reproduction 
should be carried on in a booth or under conditions 
where carefully controlled lighting conditions can be 

obtained (7, 62, 133) 

PETROLEUM AND PETROLEUM PRODUCTS 

This industry presents a variety of conditions both 
indoors and outdoors which require illumination suited 
to the task from lighting equipment designed for haz¬ 
ardous or non-hazardous locations The lighting of the 
process equipment buildings, the instrument boards, the 
outdoor tower platforms, etc, has been recommended 
according to current practice (7) 

MISCELLANEOUS 
Abrasive Materials and Roofing Materials Light di¬ 

rected obliquely across abrasive paper or cJoth or roof¬ 
ing materials reveals wrinkles and non-uniform coating 
(7, 79) 

Presswood Board Imperfections in the coated surfaces 
are easily seen by the inspector viewing the reflection of 
a fluorescent luminous trough obliquely across the panels 
as they passs along the conveyor (134). 

Enameled Steel A special booth has been 'designed 
to check the color matching of enameled surfaces which 
uses a hood equipped with blue and white fluorescent 
lamps (135). 

Instrument Boards have been well-lighted from di¬ 
rectional lighting units or a trough located above and 
in front of the boards at such a position as to elim¬ 
inate masking reflections in the glass surfaces of the 
dials (7. 136 to 138). 

Service and Repair Pits for heavy rolling stock have 
been lighted by tilted 4-tube fluorescent troughs cov¬ 
ered with removable wire glass covers produang an 
average of 30 footcandles on the trucks (140) 

Underwater Lighung for Detection of Leaks has 
worked satisfactorily with vapor-tight filament lamp 
lighting fixtures placed one at each comer of the tank 
about 2 feet below the surface to produce an average 
of 23 footcandles illumination in a tank, the inside of 
which has been painted white (141). 

Ughtiag for color motchma booth providoa common color 
tomporoturo to rodueo Totionesa. Croas-aoctioas of booth 

ond ligbtfng unit ora also ahowa. 

WatcrpriMifed larpaulins may be inspected and re¬ 
touched by erecting a steel frame over which the tar¬ 
paulin IS draped to form a tunnel in a lighted room 
having about 20 footcandles illumination The workers 
on the inside can detect breaks or poor coverage be¬ 
cause of light transmission and then spray the areas 
involved (142). 

.Airplane Fuselages have been lighted in the interior 
by means of fluorescent industrial reflectors covered 
with wire guards located on the floor on opposite sides 
and tilted upwards (143). 

Lumber mill operations are facilitated by a shadow 
line device by which the operator can set his saws to 
cut in certain widths Wires with lamp above them 
cast shadows at desired spacing (144) . 

Public Uulity Generating Plant lighting has been de¬ 
scribed as a result of studies made of the application 
problems (29). 

Illustratiom for this ihaptet were obtained 

through the courtesy of the Illuminating Engineer¬ 

ing Society, Benjamin Electric Manufacturing Co, 

Quebec Power Co, General Electric Co, Ferro 

Enamel Corp, General Electric Co. 
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CHAPTER XIV_ 

MATERIALS HANDLING 

by Samuel W. Gibb 

Every aspen of industrial activity from the collection 

of raw materials to the distribution of finished products 

involves materials handling I'he shipment of raw ma¬ 
terials and goods within plants as well as over rail¬ 

ways, highways, waterways and airways is a distribution 

.ind handling problem for which industry pays enor¬ 

mous sums of money each year Transportation facilities, 

therefore, have been forced to meet an increasingly 

competitive situation through more efficient and rapid 

handling services and equipment 
Unfortunately, matenals handling efficiency within 

industnal plants is only now drawing abreast of ware¬ 

housing and shipping techniques Too often the cost 
of moving goods from storage warehouse to production 

lines, and nut of the plants, has been hidden and disre 

garded by management Yet statistics show that 70 per 

cent of the average production cycle involves some 
phase of materials handling—pulling, lifting, carrying, 

placing, weighing, rehandling—representing 22 per cent 

of the total payroll 
For more than a hundred years the most highly indus¬ 

trialized nations have been developing new machines 

and improving older ones in order to increase process¬ 

ing efficiency and improve the quality of manufactured 

goods Relatively, matenals handling has remained in 
the handicraft stage The human body has continued 

to serve as the principal source for moving matenals in 
and through a plant and for transporting the finished 

products to the loading platform 
A significant forward step was achieved about the 

turn of the century when electric industrial trucks were 

introduced. But progress remained slow and only the 

more farsighted industries took advantage of this newly 

developed materials handling technique 
A natural development of the electric industrial truck 

was the use of skids which permitted unit loads to be 
picked up and transported The further idea of ele¬ 

vating skids to fully utilize available headroom came 

later. 
With the advantages of skids fully demonstrated in 

industrial practice, materials handling engineers recog¬ 

nized the possibility of utilizing unproducuve head- 

room The fork or pallet truck was accordingly devel¬ 
oped and has attained unprecedented popularity in the 

past few years. 

The last war represented, in laige measure, a war of 

supplies. Plants and storage warehouses bulged with 
goods awaiting distribution to centers of consumption. 

Speed was essential in moving these goods. The impor- 

stance of modem materials handling methods was fi¬ 

nally given full recognition (1). 

Actually, not too many innovations in materials 

handling equipment were made during the war penod. 
But new techniques, or at least techniques which had 
laigety been neglected by industry, were fully exploited 

for the first time New and improved systems of over¬ 
head conveying were installed Matenals, stacked upon 

platform or skid, were moved by unit loads, utilizing 
fork trucks to ship or store And, perhaps most impor¬ 
tant of all, goods moved vertically as well as honzontally 

(2) Instead of being stacked manually, gocxls were 

piled to girder heights, thus using every available inch 

of space in a plant or storage warehouse (3). 

Unit Loads 

One significant advantage of this system of unit loads 

IS that expensive packaging can be almost entirely elim¬ 
inated It was extensively utilized by the Naval Ord¬ 

nance Materials Handling Laboratory dunng the war, 

and with such success that many industnes followed the 

pattern for peacetime distribution Unit loads can be 
most advantageously employed when a system of pack¬ 

age sundardization and simplification is adopted The 
General Electric Company, for example, found that even 

bulky insulators could be moved safely by this method 

Today an enormous range of products—from plate glass 

and aad carboys to delicate sub-assemblies and machine 

castings—are unitized on pallets for movement both 
within and between plants Where added protection is 

needed, however, a special package for the entire pallet 

load can be developed (4) 

Recent expenments have been conducted to develop 
unit loads which will require no strapping, and so sim¬ 

plify materials handling within a plant One method, 

popular with cartoned and bagged goods, has been to 
glue units of the load at the top and bottom by means 
of an adhesive This adhesive must be strong in shear, 

yet pliable enough to permit ready separation by a 

sharp upward yank at one of the edges. Some have ad¬ 
vocated that the load be glued, m turn, directly to the 

pallet, but the tendency is to glue it to a chipboard 

tacked to the pallet (5) 

Li/fing, Stacking and Tiering 

The skid was originally developed only to help in 
picking up and transporting materials The idea of 

uulizing skids to sMck came later In this initial suge 

of development, the only types of skid-handling equip¬ 

ment were hand lift trucks and power operated, low- 
lift platform trucks. The uenng and high-platform 
trucks were subsequent developments 

The skid is essentially a platform elevated abemt a 
foot off the floor (6). Pallets, however, are set lower. 
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so that less space it wasted in stacking and tiering. An¬ 

other advantage attained through the use of pallett is 
that, except for the single-faced variety, little or no 

dunnage is required in stacking In addition to these 
space-saving features, pallets are much lighter than 
skids (7). 

Double-faced pallets are the most common and come 
in three types, permitting entry of the forks from two 
sides, from four sides and from four sides plus the 
corners These latter arc known as eight-way pallets 
and are most often employed when it is necessary to 

maneuver the fork truck in close quarters (8, 9) 

Pallets are relauvely easy to stack and store when not 
in use In fact, the same trucks used to stack loads can 

be employed to stack the pallets themselves Some at¬ 
tempt has been made to organiie pallet distnbution 
pools to eliminate the costly procedure of returning all 
pallets to the plant Thus, a number of manufacturen 
could share common pallets, loaded at all times, which 
would move from one plant to another, (10) 

Any type of pallet handling pool would necessitate 
a greater amount of standardization in pallet design and 
sizes tlian now exists During the war an important 

step was taken by the United States Navy in reducing 
the sizes to two, 48 by 48 in and 35 by 45i/g in The 
larger size was particularly suited to rail transportation 

since two could be placed side by side, almost filling 
the width of a freight car (11, 12) However, it is 
doubtful whether commeriial users of pallets can reduce 
the number of sizes to two (IS) 

Reduction in the cost of pallet returns might be ap¬ 
proached from another angle One manufacturer has 
produced a double-faced, 48 by 48 in paper pallet 
which IS said to be priced low enough to be discarded 
at Its destination. This paper pallet, incidentally, will 
support 3,500 lbs in shipment and 10,000 lbs in stor¬ 

age Another type of pallet, of impregnated fiberboard, 
will support a 5,000 lb load of brick on a surface of 

B sq ft (14. 15, 16). 

Trucks More Versatile 

The use of pallets is directly assoaated with the wide¬ 
spread use of materials handling trucks Principal de¬ 
velopments in recent years have aimed at making trucks 

more versatile as well as more efficient. This has been 
achieved by designing trucks which will use every avail¬ 

able inch of "air nghts" by stacking pallets and skids 
to girder heights (17). 

After the advantages of skids and pallets had been 

demonstrated to industry, the next logical step was to 
eliminate all unproductive headroom The result was 
the fork or pallet truck which has made such rapid 
strides in recent yean Today forks raise to 268 in., as 
high as any heights previously attained, while pennitting 

collapsed heights down to 83 in needed for a truck to 
pass through the average factory door or freight car (18). 

It should not be assumed that fork and pallet trudu 
have or will completely replace the platform truck, despite 
thetr greater venatility. Fork trucks have a shorter turn¬ 

ing radius for a given wheel base, can stack higher and 
can come closer to a load than a platform trudt (19). 
On the other hand, the foik truck has certain diltd- 
vanuges. It has no outboard wheels under the kMul, 
unlike the platform truck, to give itabtllty. Tlib xmiju 



that it must be counterbalanced, making it heavier and 

more expensive than platform trucks which will handle 
a similar load As a result, the fork truck will weigh, 

on the average, only half as much (20,21). 

But within tliese limitations, fork trucks have found 
an establislied function in materials handling New ap¬ 

plications and improved performante characteristics 

have followed industrial needs New models have been 
built with a lower mast in order to function inside a 

truck or semi-trailer Both fork and platform trucks are 
available in telescopic and non-telescopic models (22) 

But within these limitations, fork trucks have found 
an established function in materials handling New ap¬ 

plications and improved performance characteristics 

have followed industrial needs New models have lieen 
built with a lower mast in order to function inside a 

truck or semi trailer Both fork and platform trucks are 

available in telescopic and non-tclescopic mcxlch (22) 

The fork truck generally enjoys certain advantages in 

maneuverability One is improved riding ability of the 
load Another is that fork trucks can commonly be 
tipped forward five degrees and backward up to 20 

degrees The latter is extremely important for maneu¬ 
vering in close quarters (2S) 

Tiutk Attachments 

In addition to the standard models of electric indus¬ 

trial trucks, manufacturers are developing numerous at¬ 

tachments which either replace or coinplemcnl regular 
forks or platforms Tliese can usually be installed on 

trucks of any design or sire, and are built expressly for 
a particular job (24) 

A widely employed special truck attacltment is the 

ram, which finds numerous applications m moving 
coiled stock in the metals industry Another attachment 

has Forks with projections for handling this material. 

The pulp and paper industry widely employs a paper 
roll truck with a special rotatable scoop which can pick 

up a roll of paper from cither the horizontal or vertical 
position (25,26) 

A number of devices for handling tin plate have found 

acceptance in the metal working industry Rotating at¬ 
tachments for dumping bins after lifting them arc com¬ 
mon Hoops to let down over barrel and drum tojis are 

frequent. Fork extensions prove useful in many cases 
Booms sometimes replace the forks for handling en¬ 
gines, and the like, which must be suspended 

vStill other fork atuchments enable a truck to handle 

unpaltetized goods One such attachment automatically 

pulls an unpallettzed load onto the forks and later 
pushes it off the forks (27) In conjunction swith this at- 
Uchment, a corrugated metal structure may be used to 

enable the truck operator to pick up a load whether 
it IS palleuzed or not Simple wooden stringers are 

often placed to provide clearance under non-palletized 
loads Such devices, together with clamp attachments, 
are particularly valuable for handling unpallebzed loads 

in plants which customarily handle pallets 

A novel device has been developed in handling bncks. 
No palleu are needed here because projections on the 
apedtil fork tines grip the bottom row of bricks, auto- 

maocally engaging them as the fork is lifted into the 
carrying position (28). 

Light materials can often be dug and transported 
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with a special scoop which fits under the forks Such 
an attachment is commonly used to dig, carry, elevate 
and dump bulk fertilizer, ashes, coal, raw materials, 

scrap, etc (29) 

Qiuntless numbers of these versatile attachments are 
available for cither fork or platfonn trucks Some of 
them can be added to the truck without change, others 
tome as speciali/ed aicessones to ht the truck, many 

are built by inventive users fur their own purposes 

only, while still other attachments necessitate a modifi¬ 
cation in the truck But in all cases they make fork 

«nd platform trucks capable of more versatile operation 
t^an intended by their original design (30) 

The "Walkie” Emerges 

Within the last four years a new type of powered 
materials handling tool has emerged It is guided by 

hand, like a hand truck, but its propulsion, lifting and 
load-manipulating flint tions are all electrically powered 
like the full-scale ridden shop truck The operator con¬ 
trols from the guitling handle It brings the benefits of 

fork and platform truck handling into a wider range 

of industrial application It is lighter, cheaper, suitable 
for shorter hauls and closer manipulaiton and anyone in 

a plant can operate it at any time Yet muscle-power 

is eliminated to such an extent chat women operators 
are common. 

At least four major manufacturers now make this 
equipment One company has developed a complete 

line of seven difterent types (a) low-lift platform, (b) 

low-lift pallet; (c) tinplate unit, (d) high-Iift plat¬ 
form. (e) tilting fork, (f) non-tilting fork, (g) tractor 
Another company makes a pusher" model 

Such units, variously called "walkies”, “worksavers" 

and “transporters", promise to carry full mechanization 

of effort down to the humblest shop and smallest bud¬ 
get They undoubtedly represent the greatest single de¬ 

velopment in mateiials handling equipment since the 

war (30. 31) 

Combination Handling 

To what distances is it economically feasible to 

move pallets and skids on fork and platform trucks? 

3 lea moloriMd hand truck fei handling coiled matcriala. 
Heeks are ad|uetable ior various diameters. 

It IS generally agreed that platform and skid trucks arc 

economically advantageous only in moving goods a 
relatively short distance When there is a substantial 

disunce from plant or warehouse to truck, car or ship 

the intermediate use of tractors and trailers becomes 
justified Sometimes goods are moved from plant to 
storage by means of a trailer, but are unloaded by a 

fork truck for tiering 

Lately a great many trucks have appeared which are 

combinations of different types of equipment, so that 
two or three basically distinct functions may be per- 
fonned by one truck ITatfomi trucks have been fitted 

with cranes and couplings so that they ran hoist, slue 
iNxim and tow Cable and winch attachments on both 
high-lift and fork trucks have pennitted the addition 

of horizontal pulls to vertical lifts Dump hoppers and 
dial scale systems have lieen built integrally onto simple 

load-camcrs for use in batching work 

Loading pallets into automobile trucks presents special 
problems If a loading cloik is available, a hand or 
“walkie” truck may be employed If not, it is advisable 

to use a fork truck When the truck sides are not re¬ 
movable. the fork truck can feed the goods from the 
back either by shoving each ahead with the last (if 

truck traction is sufficient) or by means of rollers placed 

on the truck bed (32) 

Hoists and Stales 

Although hoists and scales are familiar materials hand¬ 
ling tools, there is increasing activity in their development 

and enormously wiclei usage Perhaps the most signifi¬ 
cant trends in hoists are (a) toward wire-rope-and-drum 

type lifting, and (b) the development of many ingen¬ 
ious grabs, tongs, grips, slings and other attachments 

for accommodating wider varieties of work with greater 
safety In dial scales, much has been accomplished in 
integrating weighing equipment with materials handling 
systems—monorail or roller conveyor sections, batching 

machinery, truck systems, etc The counting scale is be¬ 

coming very important in continuous inventory con- 

tnd The crane scale, which weighs while the lift is 
being made and thereby saves two rehaiidlings, has been 

found increasingly useful (33). 

St**l plat* hondUr hondlaa 3000 lb load with forward 
and backward lilt. Upngbl* ataek ah**! 10 ft high. 
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Conxieytm 

Much niaicrijls handlini' within a plant is aciom- 

plishcd Ijy means ol a toiiveyoi system No hard and 

fast rule tan he given to guide the industrial engineer 
in seletting ciiiiei a pariiculat tyyie of tonveyor or in 
seletting a loiueyor over other means of moving goods 
\11 detisions must lie based upon a cousidcration of 
the liiiiiiations as well as the advant.iges of the various 

materials lumdling systems and an analysis of the ma¬ 
terials to he handled Kie(|iiently, the most satisfattory 
materials handling layout will include a judicious lom- 

Iniiation of jiallets and electric trutks, conveyors and 
elevalors 

Wheie a l.irge volume of materials Hows through a 
jilant 111 a dehtitd line, an adiijiiatc tonveyor system 

olten proves to lie a cheap anti eHitient method of 
moving goods 

Materials liandling engineers pitditt a wider utiliz.i- 
tion ol lonveyors and chutes throughout industry m> 

clitiiiii.itc Ol ainehoiate wasteful manual hanilhng on 
a piodutiion line One excellent example ol ihi in¬ 

telligent application ol conveyor systems was provided 
this past year by a textile mill and without any great 
outlay for new eijiiipmcnt Here the niiiiiher ol “pick 
ups" of cones during wimling, inspection and shipping 
wcie reduced from five to one, at a viviiig of $22020 
per 100,000 tones The imiirovcd method enahkd an 
operator to iiispeci, wr.ip and jiatk the cones on a 
special hand iruik complete with table, pirktng die 

tunes from a moving conveyor bell (34) 

Anotlici instance of the intelligent use of conveyor 

and auxiliary equipment was recently deraotistratcd in 
a metals fabritation plant iii Illinois Here bulky metal 

tabineis were fabricated and hnislicd in three opera¬ 
tions 1 Forming of the ouiei shell 2 Fabrication of 
the doors and miscellaneous parts, 3 Painting, baking 

and final assembly of the complete unit Power and free 
conveyors were used, including roller, slat and over¬ 

head types A (olor system was devised lo differentiate 
parts utilizing the same overhead conveyor system The 

net result was reduced Boor space, unproved ({uality 

and lower costs (35) 

Waighing aquipmaat ia inlagratad with truck to iaeil- 
itoia aeeurata mausuramant ond dispoaol ol matariaU. 

It vliould be |Kiinied out that about 80 per cent of 
all conveyors are especially designed and built to indi¬ 

vidual specifications This ineaiis that no one type will 
fit all conditions and every jilant tach type, or com¬ 
bination has Its particular appliiatton Its efficient use 
depends ii{Km plain facilities, layoui and the bulk, 

weight and duiability of the prcxluct handled 

Gravity Cant,xyon 

As the name implies, these tonveyors utilize gravity 
as motive power lor moving goods about a plant or 
along a production line One jwpiilai type, the gravity 
roller cotneyor uses rollers moving on fixed bearings 
riie span between tollers depends upon the product 
being moved Moving empty drums through a petro- 
Iciiin rehiiiiig plant provides an excellent example of 
us s|Nxifi( industrial apjilitalion Ihesc conveyors come 

in sliori scclions. .iic especially desirable for making a 
clilfiicniial cuivc, and tan be mounted on portable 
stands win If mobility is dcsiitd (30 37) 

rite rollei spiial conveyor lias bien extensively em¬ 

ployed in moving matrii.ils Irom one elevation to an 
other on a IIcnu or betwcxoi liixirs It is sometimes se- 

Ucied in preference to a cimte because materials can 
be moved with relatively little |aiiing It lias been ex- 
lensivelv adapted in hamlling Iragilt products such as 

glassware and preserves jwcketl in jars Moreover, the 
IcMcl can Im' batked up wiihoiii dogging so that the 
(onvtyor ilsdl may be used as a slotage run (38,89) 

Keceiuly a tnaiitilaciuici introduced a 3-way swiuli 
for roller or wheel conveyors This switch, controlled 
by lesers from a single point, will pick up a part or 

package and move it m any of three directions No 
manual guidance iv required 

Packaged e>r hulk materials are often conveyed on 
aprons or belts for lontinuous movement of materials 
through a plant Hie apron conveyor, made up of 

wcKiden or steel slats, is particularly suited to handling 
bulky miscellaneous packages Materials can be moved 

eiihet horizontally oi on an angle as great as 45 de¬ 
grees, willi cleats, blinks or brackets to keep the ma¬ 

terials from shilling when the angle of incline is se¬ 
vere (40, 41) 

Spactal h»ad for fork truck can pick up cmd ruvelvu rella 
of atrip staal through 90” and alack thorn In any poaitlon. 
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Belt conveyors utilize a variety of material, including 

woven cloth, flexible steel, leather, wire mesh, or doth 
covered with rubber and various impregnating ma¬ 
terials (42) This form of conveyor has found its widest 
application on assembly lines and for handling packaged 
merchandise (45). However, trough belt conveyon are 
suited to bulk materials such as sand, coal and gram 

(44). 

Motive Power 

While motor-power belt conveyors handling pack¬ 
aged goods usually move about 100 feet per minute, 

speeds as high as 200 feet or more have been success¬ 
fully used (45) During the war, canvas belts were ex¬ 
tensively used because of shortages in rubber, but ma¬ 

terials have a tendency to slide back unless the canvas 
IS covered with rubber or other material Rough-surface 
rubber belts will move packaged materials on angles as 
high as 27 degrees, and even greater inclines are feasible 
through the use of cleau and arms (46) 

An authoritative survey has shown that moving ma¬ 

terials on shipboard by means of conveyors is far more 

effiaent than the use of ship's booms and winches (47) 

Roller platfeim la iBtovrotod with eenvorer ayalam to got 
oil gollonaga by woighL 

Belt conveyon in recent yean have been designed for 
increased portability Some are mounted on wheels or 
casters, witli take-up and drives pulleys similar to sta¬ 
tionary models. Two large wheels are usually centered 
beneatli the conveyor for movement from place to place 
and to serve as a supporting element when the feed end 
is lifted off the ground These are most often used for 
loading and unloading can, trucks, trailen, barges and 
other transport vehicles (48). 

Increased belt conveyor mobility was recently achieved 
by a company in Ohio which had warehouses in differ¬ 
ent parts of die same city In order to utilize one con¬ 
veyor for Its scattered locations in loading and unload¬ 
ing raw materials, a 24-ft continuous conveyor belt was 
mounted on a tractor Provided with a hydraulic lift 
methanism, the conveyor front can be lifted 24 feet off 
the ground, which is sufficient to load and unload into 
the second story of a warehouse Actual construction oi 
the tractor conveyor was simple Four upnghts and four 
diagonal brace rods were used to mount the conveyor 
on the hydraulic lift, and welded in place (49). 

When materials moving along a belt must be dis¬ 
tributed at various points or deposited m bins and 

SpacktllT dasigaad greds bem hook uadar aads oi pallot 
and lilt lead item baeter-trailor bte held ei ahip. 
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hoppers over a long storage area, a tripper may be 
used. This tripper is used principally for bulk materials, 
while a deflector or tnpper arm suffices for packaged 
goods These two principles were recently modified in 
a machine parts plant where a dividing device on the 
belt brings parts to each operator on a smaller belt (50). 

Screw Conveyors Have Specialized Use 

A continuous or broken-blade screw or ribbon fitted 
into a suitable trough, with the revolving screw moving 
the material forward, has certain speaalized uses in in¬ 
dustry (51) For example, materials in bulk, such as 
meals, seeds, cereal and sawdust, arc economically moved 
by this means However, there are certain limitations 
in Its use, since bulky materials or those contaminated 
by contact with the screw cannot be handled In addi¬ 
tion, sticky material will probably stick in the trough 
or around the screw (52) Materials moved through a 
screw conveyor can be delivered through a bottom open¬ 
ing or at any intermediate point, the dischaige being 
controlled by gates 

An American manufacturer has developed a new 

type of twin screw conveyor with a welded spiral of 

CombfaiatioB buek-tredlM and heiat finda itmumarobla 
uaaa la ytuti emd buildiaga vrilh aovlaga in man-heura. 

steel built around each of two pieces of steel tubing. 
The tubing revolves by means of an electric motor 
This twin screw conveyor has proved useful in unload¬ 
ing bagged materials from railway tars The conveyor 
IS built in small sections, with gravity chutes to move 
the bags from one section to another (58) 

Overhead Systems Save Space 
The overhead conveyor system has attained popular¬ 

ity tor a number ol reasons, but the pnncipal one is 
that It conserves valuable floor space in a plant or ware¬ 
house In addition, it is well adapted to unloading 
operations at work heights, can move above production 
machinery, and provides excellent means of transporting 
materials between adjoining buildings (54) 

In a continuous overhead conveyor system, such as 
monorail chain, the trolley runs along the rail or track 
Materials are carried by the trolley by means of hooks 

or othci means, and the line ol travel is aintinuous 
sinte the rail can be niatle in a 180 degree turn 

Recently a firm handling railway express successfully 

applied the overhead conveyor system for hauling trail¬ 
ers, instead of using the trat tors as previously An over¬ 
head chain 2,100 feet long was installed to unload pack¬ 
ages frcMn freight cars and to transport them to trucks 

for delivery In this installation, caster-type trailer trucks 
are moved 80 feet per minute (Irocery warehouses have 
also employed tins trailer and conveyor set-up (53) 

In one plant, coils of cable arc tested while being 
moved along an overhead conveyor The cable is car¬ 
ried through an immersion tank as an electric current 
IS applied fur testing purposes Interihangcable carriers 
are employed to handle different items, and variable 
spacing IS provided on the conveyor chain. 

Manufacturing Costs Plus 

One overhead conveyor system has been designed to 
serve as a "traveling stockroom" Orders arc moved to 
the shipping department along the conveyor so that 
aisles are not clogged with trucks In another plant, 
pans are brought to the assembly table by the conveyor 
at a great saving over previous methods (56). 

Production costs in any plant, if they could be logic¬ 
ally broken down and evaluated, would divide them¬ 
selves into fabrication or processing costs plus the cost 
of matenals handling Unfortunately, the latter costs 
are often hidden and even the most refined system of 
tost accounung will find that most elements of materials 
handling costs are buried with items which relate to 

manufacturing. 
The lint step toward locating and evaluaung these 

hidden costs must be a thorough study of the flow of 
materials within a plant. One method is to draw a 
floor plan of the plant, to scale, with symbols employed 
to indicate doorways, ramps, elevators, bridges, outdoor 
movement, etc Often such a diagram will suggest a 
better plant layout, resulting in the relocation of ma¬ 
chine tools, storage zones and receiving points (57). 

Inefficient movement of materials and superfluous 
handling will become appaKnt. For example, in one 

plant It was discovered that foigings were handled 21 
times, using five different types of materials handling 
equipment. Twenty-two men svere required to move 

TUting ram (ruck built for heavy duly ia lelliug milU 
moves flafohed preducti and saves on praducUea costs. 
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the forcings almost a mile, wasting an hour and a half 
in transportation time This simple survey indicated 
iiTiinediately a need for a more logical movement of 
materials through the plant 

Since It would be uneconomical to survey all materials 

moving through a plant, a few representative parts will 
usually prove sufficient to obtain an over-all picture 

Selecting a hypothetical case, a manufacturer of textile 
machinery might produce 40 machines per day. each 

with 000 parts By tracing the movement of a sample 

part or lot, it is possible to estimate the total cost ot 
handling all units 

A thorough materials handling survey will prove an 
accurate guide for a revision of plant layout, tlie use 

of more efficient loading methods, and the installation 

of new materials handling equipment (58). 

Intelligent management today recognizes that it is 
inefficient and wasteful to wait until bottlenecks develop 
in the movement of materials In the same measure, 

haphazard cost cutting will not get to the root of tlie 

problem Rather the total materials handling picture 
must be surveyed if cost is to be reduced and output 

increased 

lUustralion^ fo> this ilinple) were oblained 

through the lourtesy of AutomatK Trampoilation 

Co, htwell-Pat kei Eledut Co, Buker-Rnttlang Co, 

and Yale ir Towne Manufai luring Co 
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CHAPTER XV_ 

METALLURGY 

by Frances Hurd Glare 

Physical metaliuigy covers the properties of metals en¬ 

countered in their fabrication and use, and the labora¬ 

tory methods of testing developed to accomplish these 

dual aims This review has tried to emphasize the con¬ 

tributions to physical metallurgy since the war and to 

point out some of the changes brought about by the 

war where this information has only recently liecn re¬ 
leased 

In a report of this brevity, details are necessarily lack¬ 

ing, but It is hoped that the bibliography as outlined 

will lead the interested reader to examine the original 
papers Since the stream of fundamental research work 

in physical metallurgy that in former years stemmed 

from Germany (180) has ceased to exist, the sources of 

this review have come principally from England, Switzer¬ 

land, and the United States 

FERROUS METALLURGY 

Iron and Steel 

Since the close of the war, a record peacetime pro¬ 
duction of steel has been established with a prediction 

for 1947 of 85 million tons or 9S per cent of the total 

s'teel production of the United States Even at the end 

of this year, shortages still exist in many classifica¬ 
tions No review of post-war developments can be com¬ 

plete without mentioning the tremendous implications 

aroused by the use of oxygen to speed up melting and 

refining operations both in tlie blast furnace and open 

hearth. From modest attempts on the part of producen 

of oxygen to increase consumption of this gas by the 
steel industry, the response has been so great that, due 

to limited oxygen supply, available quantiues are now 

rationed (2, S). 

The use of oxygen in the open hearth speeds the re¬ 

fining period so that heats may be reduced from 13 to 

5 or 6 hours. This quesuon of the time element appears 

to be the most attractive feature of the process which 

must be balanced against the cost of the oxygen, the 
life of the refractory, especially that of the roof of the 

open hearth, and the change in raw materials charged 

into the furnace (4). 

Several methods of introduction of the gas have been 

developed: (a) A high pressure jet of oxygen is di¬ 

rected against the pre-heated scrap to speed the melt 

down to clear a path through the scrap to the end 

burners, (b) During the removal of carbon in the re¬ 

fining period, a stream of high pressure oxygen is intro¬ 

duced by an ordinary pipe under the surface of the 

meul. This is known as the lance method, (c) During 

the removal of carbon in the refining period, a jet of 

high prcssuie oxygen passes through a specially de¬ 
signed noz/le to a point S to G in above the surface 

of the slag Ihe high velocity of the jet blows away 

the slag allowing the oxygen to react witli the steel 

bath Ihis IS known as the jet method The use of 

oxygen during the refining pcritMl increases the rate of 

carbon elimination and results m the saving of fuel 

from the added heat Other experiments have been de¬ 

vised adapting the lance method to the use of com¬ 

pressed air, which has eflects similar to oxygen in re¬ 

moving carbon from the bath The introduction of 
pure nitrogen to increase the reaction rale has proved 

interesting in decreasing the time of the heat, but no 

saving of fuel resulted as the inert gas has a cooling 

effect 

The problems involved include agitation, intermix¬ 

ing of slag with the steel, the furnace atmosphere, and 

the heat units that can be counted on so that the ccml- 

ing effect of any gas used may nut lie too great. I'he 

refractory problem itself appears to many experimenters 

to be the most critical as splashing of hot metal on the 
open hearth roof has been disastrous Even with in¬ 

creased height of the roof, the fumes of iron oxide cor- 

rcKle the roof severely Excessive fumes carried to the 

outside atmosphere must also be eliminated However, 

the cost of oxygen will probably be the determining 

factor Many predictions are now forthcoming to indi¬ 

cate that laige scale production may reduce prices to 

less than J.!) 00 (U S ty) per ton The effect of oxygen 

on the steel itself up to the present time seems to be 

negligible with the exception that rimming steels may 

have somewhat less gas (5 to 10). 

Hardenabihty of Steels 

The addition of boron to steel control hardenability 

IS still of considerable interest (11, 12) as evidenced by 

a study of a series of open hearth heats varying from 

15 to 180 tons containing different amounts of boron. 

Ckinditions of adding boron to the ladle after other 
addiuons and to the ingot during teeming were ob¬ 

served. The hardenability factor for boron was deter¬ 
mined from end quench tests. The effect of carbon con¬ 

tent on the hardenability of boron steels has been de¬ 

termined. 

The use by the consumer of hardenability bands for 

the sclecuon of steels is increasing steadily due to the 

help given in fabricating and heat treating problems 

which in the past have been difficult to define in a 

condse way (IS). Hardenability bands for the "H" 

steels were fint published in June, 1944, and have since 

found wide application. Many steels have been added 

239 
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to the original list (14 to 17) so that today the usei 
should get better control of hardness which formerly 
varied from lot to lot. In the manufacture of steels 
which must fall within limits set by the hardenability 
band, such factors as grain size control, oxidation metli- 
od, and alloy balance must be included. In England, 
control of hardenability in steel is largely accomplished 
by additions of aluminum and titanium. 

The use of the Jominy test and the end quench test 

are still accepted methods for determining hardenabil- 
ity. The Jominy test provides the maximum hardness 
and maximum strength at about 600 deg F per second 
which is the fastest possible cooling rate in a commer¬ 
cial sliop. It also gives the depth of hardness, the mass 
effect, the probable microstructure of the steel, and the 
mechanical properties 

Properties of Steel 

In former years, sulphur was added to steel to im¬ 
prove machining characteristics. In stainless steel where 
nickel and sulphur form an undesirable compound, the 
stainless steel becomes hot, short, or brittle and is diffi¬ 
cult to roll due to hardness It will also have a poor 
surface. Selenium is now available as an addiuon svith 
improved machining qualities imparted to the suin- 
less steel. Selenium also improves the rolling and adds 

structural toughness This alloy has found wide use in 
dental, surgical, and food handling equipment (46). 

Ihe question of the passivity of stainless steel has 
been raised again and it is claimed that the common 
practice of using dilute nitric acid does not result in 

passivation (47) The usual dilute nitnc acid treatment 
may remove imbedded iron particles from the rolling 
operation but this is its only advantage according to 
the report above It is claimed that passivation is due 

to physically adsorbed gas atuched by Van der Waal's 
forces and represents poor adherence or weak bonding 
of the layer to the steel Tests show that passivity u 
broken down under vacuum and is built up on expo¬ 
sure to air. The best method for passivation is immer¬ 

sion of the stainless steel in boiling sulphuric acid for 

Steal aompte at a vaiy lew temperature being leated for 
impact etrength. Temperatures oe tow as —300 deg. F. 

ore used. 

9 minutes In general it may be said that pickhng after 
a forming operation is entirely sufficient as an effective 
means of passivation. 

An attempt has been made to evolve a mechanical 
equauon of state in certain steels (22) where the con¬ 
dition IS so fixed that there is no strain aging, no re- 
crystallization, no graphitization, no phase change, and 
no corrosion taking place Under these special condi¬ 
tions, an equation may be set up involving a mechan¬ 

ical equation of state to show the effects of tempering 
Tension tests of the true stress strain type conducted 
on a steel of SAE 1045 indicate the effects of temper¬ 
ing on the true strain properties 

Since the stress reaction in a material governed by 
a mechanical equation of state is fixed by values of 
the instantaneous strain, the strain rate, and tempera¬ 
ture, then the previous history of the steel is important. 
Where this equation holds, a specimen may be ex¬ 
tended rapidly to a given strain at room temperature, 
then stressed at elevated temperature and the creep 
measured This would be the same rate for the same 

strain measured over a long period as fur months or 
for years By the use of the mechanical equation of 
state, the strain rate versus the strain relationship might 
be found rapidly. 

For the designing engineer and metalluigist, great in¬ 

terest will be aroused by a new book (23) on ferrous 
metallurgical design It has been written to give the de¬ 
signer methods for using the information published on 
the problems connected with selection and heat treat¬ 
ing of a steel part The first chapters are devoted to 
the most recent advances regarding phase transforma¬ 
tions, heat flow, and mechanical behavior and proper¬ 

ties Next follows the newest evidence on quenching, 
hardenability, quench cracking, and lemperability 

The remaining section of the book outlines a prac¬ 
tical procedure for the designer which is unusual but 
should be considered by everyone selecting a steel for 

a particular part where the hazards of manufacturing, 
such as machining, heat treating, and service life play 
important roles. The procedure can be outlined as 

follows 

(a) Determine the general features of the quench¬ 
ing method and the dimensions of the secuon 
of the particular part which will cool most 
slowly 

(h) Estimate the hardenability required to harden 
this section with the quenching procedure 
chosen. 

(c) Select the carbon level and the type of steel 
to be used Estimate the level of alloying ele¬ 
ments needed for the necessary hardenability. 

(d) Estimate the austenitizing procedure and the 
tempering procedure. 

(e) After several paru are manufactured they 
should be checked for hardening, quench 
cracking, and temper brittleness. 

llie method of selecting a steel for a qiecific part 
as suggested above it quite radical but the principles 
should be understood by all deaignen and iu practice 
should be attempted. As experience is gained from the 
application of the hardenabUlty concept, slu^ prob' 
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lems of heat treating failures and difficulties of wear 
and breakage in service should decrease 

The same authors, Holloman and Jaffe, have pub¬ 

lished a study (30) correlating the microstructure and 
mechanical properties of two steels S.A £ 3135 and 
N.E 8735 to determine if steels with different compo¬ 
sitions have fairly similar properties if their microstnic- 

tures are similar The SAE 3135 was selected because 

It could be made temper brittle while the N E. 8735 
presented an interesting contrast in that severe temper 

brittleness could not be induced. The N.E 8735 was 
also chosen because in isothermal treatments it could 
be quenched to martensite in S/i in rounds and also 
because it had sufficient pearlitic hardenability to per¬ 
mit complex isothermal treatments. The experimental 
work consisted in producing a wide vanety of micro- 
structures in the two steels and comparing the result¬ 

ing physical properties on the basis of their similar 
structures. The optimum mechanical properues for both 
steels were obtained with a tempered martensitic micro- 
structure. It was also found that impact properties of 

the steels having a tempered bainitic structure are in¬ 
termediate between a tempered pearlitic and a tem¬ 
pered martensitic steel of hke hardness The presence 
of pearlite (plus bainite) in quenched structures of 
tempered specimens is reflected in lower reductions of 
area in the standard tensile test Although it has been 
known for some time that the rate of strain hardening 
is strongly related to the tensile strength and the car¬ 
bon content, tests carried out in this investigation indi¬ 

cated that differences in structure do not significantly 
change the rate of strain hardening 

During World War I much attention was devoted to 
the question of temper brittleness in steels (54) and the 
conditions suitable for its occurrence. Through the in¬ 
tervening years, interest in the subject waned although 
failures due to this phenomenon were not unknown 
Perhaps World War II was sufficient reason to rally 
interest in this problem but it is now generally agreed 

that practically all medium and all high alloy steels 
are susceptible to a loss of impact energy if tempered 
in a certain range of temperature or cooled slowly 
through that range. Another way of stating this prob¬ 
lem is that temper brittleness lowers impact properties 
because it raises the temperature of transition from a 
ductile to a brittle failure. 

Many failures are now attributed to the transforma¬ 
tion which forms the underlying mechanism of this 
process. A recent explanation (52) of temper britdeness 
claims that a precipitate forms in a temperature range 
slightly below 1110 deg. F., that it is precipitated from 
alpha iron, and that it forms at grain boundaries. Im¬ 
pact properties are lowered by iu presence but tensile 
strengths at room temperature are not altered. The ele¬ 
ments manganese, chromium and nickel tend to in¬ 
crease the total amount of the phase which can pre¬ 

cipitate and the amemnt which precipitates in a fixed 
time in the embritded range. 

A new meullographic etchant has been reported (34) 
which ditdoses the effea of temper brittleneu at grain 
bcmndaiies Cor a number of different steels. The re¬ 

sponsible agent is a mixture of alkyl-dimethyl-benzyl- 

ammonium chlorides known as Zephiran chloride and 
IS prepared as follows. 

Picric Aad 50 grams 
Purified Ethyl Ether 250 milliliters 
Zephiran Chloride 10 “ 
Water 240 

The mechanisms connected with the tempering of 
tool steels have been exhaustively studied by Cohen and 
are summanzed in two reports (35, 36) which comprise 
infonncd opinion today The characteristics of the for¬ 
mation of martensite are generally agreed to be as 
follows 

(a) It forms on cooling, and the rate of cooling is 
of minor importance 

(b) Locked up stresses due to volume changes in¬ 
variably accompany this transformation 

(t) The presence of retained austenite is a feature. 

Many metallurgists fail to appreciate to what extent 
the retention of austenite can be counted on With the 
usual quenching methods, retained austenite in plain 
carbon steels amounts to 3 to 12 per cent In low alloy 
steels such as manganese oil hardening, chromium ball 

bearing steel, and tungsten non-deforming steels, the 
figures arc the same In 18-4-1 high speed steel, about 
20 per cent austenite remains at room temperature. In 
the class of the higher alloy steels such as the air hard¬ 
ening high-carbon high-chrome (12 chromium, 1.5 car¬ 
bon) and the alloy steel (5 chromium, 1 carbon), austen¬ 
ite IS retained at 30 to 35 per cent 

The bad features of retained autenite can be summed 
up as follows* 

(a) That austenite is unstable cannot be empha¬ 
sized too strongly This instability permiu 
transformation under strains imposed by ser¬ 
vice and may well embrittle hardened steel. 

(b) Some grinding checks are caused by volume 

changes resulting from localized austenite trans¬ 
formation under the pressure of the grinding 
wheel. 

Micre-heudnaas tMtar and miereacep* maaaim singla 
grain oi ataal at Ihraa peinta within tha breadth oi a 
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(c) There is evidence that retained austenite 
transforms slightly on aging at room temper¬ 
ature even without external stimulation. This 

causes dimensional instability and if the vol¬ 
ume changes as much as 0 75 per cent this is 
0.0001 in per in which is too great a change 
for precision parts. 

'Ihe problem is then to form martensite under condi¬ 
tions which first of all will not result in any lowering 

of the hardness and which will subsequently perform 
the following changes (a) Toughen and stabihre the 
austenite, (b) Relieve internal stresses, and (t) Re¬ 
move or stabilize the retained austenite / 

In plain carbon steels, the martensitic transformation 
takes place at 400-600 deg F, but in highly alloyed 
steels, it resists transformation due to sluggishness but 
can be conditioned in the 900-1100 deg F range so 
that It will transform to martensite on ctxibng from 
this range Double tempering of high speed steel re¬ 
lieves stresses and toughens the martensite formed dur¬ 

ing cooling from the first draw In general it can be 
said that, in passing from a plain carbon and low alloy 
tool steel to a high speed steel, transformation of re¬ 
tained austenite changes radically from an isothemul 
process at 400-600 deg F to a martensitic type of re¬ 
action on cooling from 1000 deg F In highly alloyed 
steel the austenite becomes so sluggish tliat it will re¬ 
sist transformation in the lower temperature range and 
hence tan be exposed to a carbide precipitating process 
of conditioning at higher temperatures A study of the 
high carbon high chrome steels provides a connecting 
link (or an understanding of the question 

Heat Treatment 

From tests carried out on SAE 52100 steels, it is 
evident that the higher carbon, low-alloy steels ran be 
martempered to great advantage but good equipment 
is essential and overheating is especially U> be avoided 
Mariempering of SAE 52100 steel decreases distortion 
as shown by measurements on out-of-rounds of quenched 
ban (40,41). 

High Temperature Alloys 

Materials to withstand the high temperatures re¬ 
quired for gas-turbine operation represent a field of 
research that has become extremely active since the 
war. The range of interest can be divided into applica¬ 
tions for airplanes where the life expectancy is a few 
hundred boun and applicauons for stationary gas tur¬ 
bines which must operate 10,000 houn, or roughly 10 
to 12 yean In England the fint vessel propelled at sea 
by a gas turbine was launched in September, 1947 (72). 
It Is equipped with two Packard 1250 hp gasoline en¬ 
gines designed for low cruising speeds and the new 
Metropohtan Vickers gas turbine unit 2500 hp which 
will be operated only when the ship is at full speed. 

The equipment consisto of a power turbine and a 
gas^nerator turbine with a 9 stage axial flow. This 
unit can start dead cold and reach maximum speed in 
two minutes, which the gasoline engines cannot do. The 
ttiriune unit (79) has moK favorable torque chaTacte^ 

istics, a high torque being transmissible to the propeller 
at lower speeds There are other advantages to the gas 
turbine unit which makes its operation attractive, (a) 
improved ability to tow, (b) greater ease and rapidity 
to reach maximum speed: (c) reductiqn of noise com¬ 
pared to a gasoline engine, (d) improved reliability 
and less maintenance Naturally there are less attractive 
features connected with the operation of this new unit. 
The engine docs not operate m reverse although it 
could be designed to do so Furthermore, all gas tur¬ 
bines require a large volume of air Such an intake 
unit has been installed m a protected part of the vessel. 
It remains to be seen what the effect of stormy weather 
will have on the intake of salt-laden air into the equip- 

The selection of materials for operation at elevated 

A cold tolUd and hatdansd ceavajror band praduend by 
SandTik Works, on* el Sweden's largest Iren and slssl 

eempames. 

Tssting a propsUer Mads by X-ray ot Ike Belers Works in 
Sweden. 
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temperatures is influenced by the designer who has con¬ 

sistently raised the operating temperature of the gas 
turbine to attain greater efficiency. During the early 
stages of the war when mass production of the aircraft 
turbo-supercharger was underway, materials were se¬ 
lected to withstand temperatures of 1200 to 1300 deg 
F. loday gas turbinel for power units and for gas 
generators in both aircraft and stationary equipment 
call for operating temperatures of first 1500 deg F and 
then 1800 to 2000 deg F. Research for suitable ma¬ 
terials has run the gamut of a wide variety of metallic 
alloys including less readily available metals as cobalt, 
tungsten and columbium. Non-metallic refractory ma¬ 
terials such as silicates have been investigated widely 
and more recently the high melting, heat-resistant metal¬ 
lic borides and nitrides have been the subject of in¬ 

to a minimum to prevent distortion and breaking of 
the blade 

Creep testing has been conducted for many years 

both here and abroad and its results can now be eval¬ 
uated within certain established limits The method 
consists in measuring strain imposed on a specimen 
over a period of time at constant load and consunt 
temperature Charts arc usually shown plotted as the 
log of the stress versus the log of the time at several 
different temperatures The use of log-log charts for 
plotting these Inures is for the purpose of presenting 
a straight line (63 to 85), but more recently this cus¬ 
tom has been criticized As information on creep test¬ 
ing has appeared in the literature, a basis for evaluating 
long-time testing methods will likely be evolved. In 
discussing creep behavior at Zunch in July, 1947, Con- 

tense investigauon 

Methods of testing at elevated temperatures are still 
in the controversial stage although cTeep tesung has 
been carried on for a good many years The extensive 
experimentation during the war under sponsorship of 
several United States wartime agencies was published 
in 1947 An evaluation of the results is now possible 
Several symposia have been held on requirements for 
materials fur gas turbines in America under the aus¬ 
pices of the American Society for Testing Materials and 
the American Society of Mechanical Engineers in Eu¬ 
rope under the British Iron and Steel Institute at 
Zurich (63.73. 96). 

Methods of testing materials at elevated temperatures 
comprise short-time tension testing, creep testing, creefi- 
rupture testing, and a slight amount of fatigue testing 
The short-time tension test consists in raising the temper¬ 
ature of a tensile specimen to the desired temperature 
and determining the load at which it breaks Its chief ad¬ 
vantage lies in the fact that it offers a rapid means of se¬ 
lecting a group of materials that warrant further study 
(62) In the past much testing was done by this method 
in the hope that the results obtained so quickly would 
give useful information regarding service life at ele¬ 
vated temperature However, experience has shown that 
the test IS not reliable and it is generally no longer 
used except for quickly surveying a field 

Electronic pinhelo doloeter outomatfealljr opela. elawlfiM 
and moika boloo omolUr than 1/M in. in tin plot# a 14)M 

Taking photomicrograph oi tho ouziaco oi a Ehsgabuiy 
thruat boailng for a largo voiUeal water wheel generator. 

On the other hand, the measurement of creep of 
metals has been carried out for many years and the 

data collected cover a wide field of alloys and temper¬ 
ature range Creep is a characteristic property of all 
metals and is defined as the continuous deformation 
which occurs when a metal is subjected to loading. Each 
metal or alloy has a temperature range at which creep 
occurs. For lead, un, and zinc, creep takes place at 
room temperature when these metals are subjected to 
loading With the metals aluminum and copper, creep 
occurs at slightly elevated temperatures In the case of 
iron and nickel, creep occurs when these meuls are 
stressed at temperatures above 650 deg F. Alloys used 
in blades for gas turbines are subjected to stresses in¬ 
duced from rotations of about 20,000 RPM, to the oor- 
rotive eSecu of hot gases, and to temperatures at least 
at high at 1900 deg. F. Under this combination of 
stress and elevated temperature, creep shoold be held 
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way datmed that the use of the double loganthmic 
method of plotting is liable to error Furthermore, he 
stated that there is no basts for extrapolation of creep 
behavior into the future (80) which has been a com¬ 
mon practice since the production of gas turbines can¬ 
not wait ten years for the results of creep testing 

Carrying out any prcasion testing at elevated tem¬ 
peratures is liable b) serious error and creep testing is 
no exception to this rule Temperature fluctuations in 
any one laboratory may l>e held to 2 to 3 deg C but 
vanations among commercial laboratories have been 
found to be as much as II deg C (80) Such a situa¬ 
tion makes much of the existing data on elevated tem¬ 
perature testing questionable For example, if in any 
one laboratory two different creep tests show a temper¬ 

ature fluctuauon of 2 to 3 deg C. due to thermocouple 
calibrauon and temperature fluctuation over the test 
piece, this variation can give a 30 per cent error in the 
lime It takes to reach some selected elongation. 

Other errors in creep testing are the nnn-iiniforimty 
of cross section of the specimen and the difliculty of 
maintaining true axial loading to give about the same 
magnitude of error as that caused by the temperature 
It was suggested by Ctinway (80) that a plot indicating 
linear stress against log time could be used to map out 
the probable scatter band A further warning was given 
to point out structural changes in the material under¬ 
going test which might well prove fatal for the use of 
the material If on the stress versus log lime curves 
there is evidence of a progressive declination from a 
straight line outside the scatter band and towards the 
abscissa, Chen the quality of the material itself sliould 
be exhaustively examined at the end of the test 

Today it is customary to present design curves which 
show the transition point from second to third stage 
creep and various amounts of total strain from 0 1 per 
cent to 1 0 per cent I'hese data are obtained by run¬ 
ning horizontal lines across the strain versus time 
charts at the desired total strain values. 

Stress-rupture testing resembles creep testing but it 
IS carried through to rupture This method is now 
widely used and quite considerable published data is 
available as well as laboratory equipment commercially 
developed to carry out the testing. 

The list of alloy compositions suitable for use at ele¬ 
vated temperatures is very extensive. A simple group 
classification is as follows (64): (a) Age-hatdenable 
wrought alloys, (b) Vl^ork-hardenable wrought alloys; 
(c) Age-hardenable cast alloys, (d) Cast alloys nor¬ 

mally used as cast, that is, not heat treated 
Improved physical properties at room and high tem¬ 

peratures are developed by solution treating and aging 
groups (a) and (c), as well as by work-hardening 
those of group (b). Such practices may offer advan¬ 
tages for the short life encountered in airplane struc¬ 
tures, but these effects may be lost for long-time service 
required in sutionary gas turbines. Many alloys in all 
.groups lose much of their available ductility over an 
extended lime. 

It is difficult to classify these refractory metals on a 
basis of their alloy content as the variation is sojgreat. 
Jn general the m^ified stainless steels ere suitable for 
use at ISOO deg. F., and the cobalt base, niefcel base, 
and nickel-dtramiunMofaalt base alloys aw luitaUe in 
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the ISOO deg. F. to 1500 deg. F. range. An investigation 
of ceruin chromium base alloys, whicli resulted in ex¬ 
tremely high rupture strengths (99) at 1800 deg F, has 
opened this group to further study altliough excessive 

brittleness has posed serious problems. 

Much work remains to be done regarding the physi¬ 
cal metallurgy of alloys fur elevated temperature service 

Idenuficatton of the metallographic consutuenu by 

special etching reagents and chemical attack to dissolve 
preferenually certain constituents, which can be subse¬ 
quently identified by chemical analysis or by X-ray 
techniques, are being investigated at the present time 

Little IS known regarding the structural changes taking 
place during stress at elevated temperatures although 

continued precipitation of microconstituents is often ol>- 
served 

Much has been written regarding the role of cast 
versus forged alloys Both laboratory and field service 
tests indicate that forged materials have superior en¬ 

durance strength at temperatures in the range of 1200 

deg F However, cast materials are tomparable in en¬ 
durance strength to forged materials in the range of 

1500 deg F At higher temperatures and for longer 
duration, the stress to rupture values are superior for 

cast materials. 

There is also evidence that casting offers certain eco¬ 

nomical advantages over precision forging whtth is 
necessary to produce accurately turbine blades in order 

to eliminate finish machining Foigtng of alloys to re¬ 
sist deformation at elevated temperatures is slow and 

the life of forging dies is short As precision cast meth¬ 

ods become cheaper, the use of cast turbine parts 
sliould increase. 

Welding research for the commercial alloys developed 
for gas turbines has been extensive For the most part 
welding can be accomplished by arc. resistance, gas, or 
shielded arc methods In the case of Inconel, electrodes 

have been used for welding the alloy to itself (61 to 

120). 

Materials for Hard Facing 

The building up of surfaces subject to severe wear 

with speaal alloys of high hardness and toughness is a 
growing industry Improved materials and methods of 
application are becoming more available An outline of 
alloys suitable for welded surfaces has recently appeared. 
Hard facing materials may be classified according to 
their uses (169): 

Group (a). For abrasion and impact, welding rods 

s^ich can be hot forged are made of 7 chromium, 
S.5 manganese, 1.5 carbon which contains austenite 
for heavy impact resisunce, and chromium carbide 

for abrasion resistance. It has a hardness of Rock¬ 
well C 55. This alloy has been successfully used as 

a hard facing on carbon or manganese steel for 

the maintenance of crushing machinery and to re¬ 
duce costs of repair. It has also been found advan¬ 
tageous for facing of band picks and tie tamper 
bars as the ends can be forged. Other applications 

are for steel mill wabbter^ coupling boxes, railroad 
frags, etc 

Group (b). Where a pohshed surface is required to re¬ 
sist abrasion an alloy of S3 chromium, 7 man¬ 

ganese, 4 carbon with small amounts of silicon and 
/ireomum has been found useful due to the pres¬ 

ence of chromium carbide needles It has a hard¬ 
ness of Rockwell C 56 to 58. When applied to 
plowshares, the wear lias been reduced 5 to 1. It 

has also been used on cement mill drag chain 
links 

Group (c). '1 he first type in Group (c) finds use for heat 

and corrosion resistance and the second type has 

even higher hardness but is weak on impact With 
the first type, the microscope reveals a structure 
of a light constituent, tungsten carbide and a gray 
constituent, a complex chromium carbide, sur¬ 

rounded by a white matrix of cobalt with chro¬ 
mium and tungsten in solid solution The material 

has a hardness of Rockwell C 44 and can be ma¬ 
chined by sintered tungsten carbide tools. It is 
satisfactory for use at elevated temperatures under 

high impact as for example in automotive exhaust 
valves where the cobalt matrix resists shcKk Dur¬ 

ing World War II it was used on aircraft valves 

and has found peacetime application for large 

diesel engine valves, railroad locomotive valves, 
and such places where hot gases are involved. This 
material has been used to build up hot punches 
with a backing of S A E 1045 steel, with a reduc¬ 

tion III prite of the built-up tool Composite con- 
strucbon is also suitable foi hot shear blades, hot 

forming and trimming dies subjected to impact, 

and other places where high pressure, abrasion, 
and elevated temperatures are expected 

The second type alloy in Croup (c) contains 

more tungsten carbide with a resultant increase in 

hardness to Rockwell C 54 Hard facing applica¬ 
tions are expeller screw segments and sleeves for 
centrifugal pumps 

Group (d) One of the most severe requirements lies 

in earth cutting equipment where the tool must 
have a polished surface to resist abrasion In the 
Group (d) classification, cast tungsten carbide is 

fused into a steel matrix with resulting hardness 
of C 90. Such a surface finds use in rock bits for 
dnlling. scarifier teeth used in roadbed work, and 
coal cutter bits 

NON-FERROUS PHYSICAL METALLURGY 

General Survey 

Non-ferrous meuls produced in the United States 

represent less than 10 per cent of the total metal pro¬ 
duction of the country. It is expected that the slight 

increase in producuon in 1947 was due to the growth 

of aluminum and magnesium. Producuon of the light 
alloys hat made a good showing since the war (121). 
Productive capacity for aluminum is approximately 1.25 
billion lbs. per year. In 1946 it was over 800 million 

lbs. and for 1947, it is estimated as of December 1, 1947, 
that it will be 1.20 bUlion lbs. 



For magnesium, the outlook is not so bright be¬ 
cause estimates for 1947 are 25 million lbs. whereas ca¬ 
pacity K 212 million lbs. it has been suggested that a 
large financial investment in continuous rolling mills 
would place magnesium sheet on a competitive basis 
where it could readily undersell aluminum by reason 
of Its better machining properties. The Magnesium As¬ 
sociation reports that since the end of the year, 71 new 
uses for magnesium have been found. 

Interesting is the development of aluminum sheet 
for roofing, especially in the southwest where 400,000 
roofs for farm buildings have been installed. The cli¬ 
mate in this section is ideal for exposure of this ma¬ 
terial 

A report on wartime advances in Britain (122) men¬ 
tions the wide use of aluminum bronzes (10 per cent 
aluminum, 5 iron, 5 nickel) for aircraft and ordnance 
tor applications requiring high strengtli and resistance 
to wear and corrosion Ihis alloy could be arc welded 
with tile use of coated electrodes. 

Free macliining uipper with 0 5 per cent tellurium 
found use in a magnetron salve for radar betause of 
Its high electrical conductivity and the close tolerances 
obtained on machining Copper-lead bearings were de¬ 
veloped fur internal combustion engines and could be 
successfully manufactured by casung, electrolytically, 
and by powder metallurgy Welding electrodes were 
made of a copper-chromium alloy Coppei containing 
small amounts of beryltium were used for preasion 
parts, but with the end of the war the cheaper alloy 
of copper-ntckel-manganese is finding its place 

Corrosion of condenser tubes was ameliorated in the 
mam condensers of naval and merchant ships by the 
addition of 0 5 per cent iron to cupronickel (70 copper, 
SO nickel) High temperature heat exchangers were 
made of aluminum brass with a small amount of ar- 
semc (76 copper, 22 zinc, 2 aluminum). 

Copper and Copper Alloys 

A method of identifying the delta constituent in 
aluminum bronze (125) recommends the aging for 9 
days of the standard ammoniacal peroxide in order to 
darken this phase. 

A worthwhile research program has been undertaken 
by McAdam (56 and 123) to extend his fundamental 
testing of niatenals ranging from ferrous materials to 

copper, copper alloys, monel metal and high purity 
aluminum. He reporu the effecu of combined stress 
and low temperatures on notched speamens in tension 
testing The mechanical properties of a metal involve 
plastic deformation, resisunce to fracture, ductility, and 
tout work, of which the first 3 are studied here. He 
points out further that the resisunce of a metal to 
plasuc deformation is a function of 3 principal stresses 
and that the resistance to fracture depends on the lim¬ 
iting value of tlie greatest principal stress and varies 
little with the temperature or rate of deformation. The 
influence of notches on the above properties is given 
in a Kiies of charts. 

Aluminum and Aluminum Alloys 

For many yean in England the problem of predpiu* 
tion in aluminum aOoys has been thiHomilriy invMti- 
gated both tfaeatetically and cxpefimemaJty. A lane 
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body of literature is now available which has helped 
to clarify certain aspects of this phenomenon (128). In 

particular an aluminum alloy with 4 per cent copper 
has received special attention Its composition is simple 

and the changes involved are fundamentally important 
To sum up present theories, precipitation as it is recog¬ 
nized in alloy systems can occur in a continuous or a 
discontinuous manner 

Discontinuous precipitation is characterized by a pref¬ 

erential precipitation in grain boundaries which gener¬ 
ally spreads inward Precipitation within the grains is 
non-uniform. On X-ray diffraction photogranis, faint 
lines belonging to the new solid solution gradually ap¬ 
pear as aging proceeds These lines increase in intensity 

while those of the original solid solution decrease in in¬ 
tensity as shown in alloy systems ol (a) aluminum with 
7.5 per cent copper aged 5 minutes at 815 deg (. and 
(b) aluminum with 4 per cent copper aged 5 minutes at 
150 deg C. 

Continuous precipitation is characterized by more or 
less uniform precipitation throughout the grains at 
much the same rate everywhere without regard to grain 
boundaries. An example is that of an aluminum alloy 
witli 4 per cent copper aged 21 days at 250 deg C I he 
lattice parameter changes regularly from tliat of the 
original solid solution until it corresponds to tliat of 

the new solid solution 
In contrast to the above theory, Mehl and Jetter 

(129) state that continuous precipitation is the simple 
type while the discontinuous is anomalous For ex¬ 
ample, in nickel containing beryllium, continuous pre¬ 
cipitation occurs at a high temperature and discontinu¬ 
ous at a lower temperature In a study by Jones, Leech, 

and Sykes of silver-copper alloys at the silver rich and 
at the copper rich ends of the phase diagram, it appears 
that preapitation is aintinuous at the higher tempera¬ 
tures when supersaturation is low and the reverse at 

lower temperatures (150) 
However, Gaylor claims that in aluminum-copper al¬ 

loys disconunuous precipitation is not anomalous, but 
precedes conunuous preapitation (128) The factors in¬ 
volved are as follows: (a) the degree of supersaturation 
of the solid solution, (b) the temperature at which 
predpitauon occun, and (c) the ume at temperature 

It should be noted that both types of precipitation take 
place in aluminum-zinc alloys. 

If supersaturauon is critical in controlling the onset 
of continuous precipitation, it should have a pracucal 
bearing If two alloys are aged at the same temperature, 
but one has a higher per cent of solute atoms than the 
other, then continuous precipitation should set in ear¬ 

lier in the alloy of lower concentration. The reason for 
this is that the critical degree of saturation is reached 
sooner. If a higher aging temperature is used for these 
two alloys, it is possible that continuous precipitation 
will occur sooner in one alloy than the other. The alloy 
containing less of the solute will over-age or soften 
more rapidly than the other. It also teems probable that 

thtcontiimout predpiution will occur where conditions 
of strain predominate and continuous predpiution 

where there is httle or no strain. In the aluminum- 

copper system, the situation is further complicated by 
the presence of an intermediate precipitate designated 
as "alpha CuAli" to differentiate it from a subsequent 
compound termed "beta" Other alloy systems have 

shown indications of forming intermediate phases dur¬ 
ing aging and only after softening sets in docs the 
equilibrium phase appear 

The nature of precipitates formed in early stages is 
almost entirely unknown since methods of study of such 

hardness and X-ray diffraction techniques do not lend 
themselves to detect such changes I'he only reasonable 
approach is that of the microscope and it is hoped that 
insestigations will be conducted along these lines 

In a study of the aluminum alloy 61 S-W containing 
0 25 top{>er, 0 6 silicon, I 0 magnesium, and 025 chro¬ 

mium, It Is reported that in sheet lorm the rate of pre¬ 
cipitation IS accelerated by cold work prior to aging 
111 tins alloy the hardening agent has been idcmiRed as 
Mg.Si (151)' 

Heat treating sdicdules for aging a number of alu¬ 

minum alloys requiring different pertcxls of time have 
been revised to save handling and space (152). 

PUpoaal el Ugb-preduellM war aurplua ouals auch a 
thli mcqraaiiam plcmt poiM pioblaau for Uphi mated 

iaduatiiaa. 
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Mttgnestum and Magnesium Alloys 

In a recent survey of the Japanese magnesium indus¬ 
try (136) that started with the erection of the first plant 

in 1933, the rapid expansion which followed could only 

be explained by plans for war In 1945 there weie 15 
plants producing magnesium by several processes. At 

the Ube plant of the Riken Metal Manufacturing Co, 
production was based on a raw material of natural or 

bitter brine. The composition of this was, MgCU =17.62 
per cent, MgS0, = 6 48, KC1=2.88, NaCl=S55 At 
Asahi, 1 G. Farbinindustries established in 1937 a plant 

based on magnesia and charcoal reduction with the use 

oii chlorine gas In Korea, the Nicchitsu Manufacturing 
Co. set up a plant to produce magnesium by the carbo- 
thermic or Hansgirg method, similar to that under¬ 

taken at Permanente, California This process depends 

of tlie high temperature reduction of magnesium oxide 
by carbon with rapid condensation of magnesium pow¬ 

der in a stream of gas The powder is remelted and cast 
into ingots Although trouble was experienced at Per¬ 
manente. the Japanese attained a production of 3000 

lbs per day 

It IS interesting to observe that the magnesium in 
Japan contained considerable impurities compared to 
that in the United States It could never have been 

used as a substitute for aluminum alloys However, it 

was suitable for alloying with aluminum and for use in 

pyrotechnics and was also satisfactory for castings such 
as aircraft landing wheels, fur instruments, and engine 

parts 

In an attempt to prevent the occasional burning of 
magnesium alloys during heat treatment, a study on 

furnace atmospheres indicates oxidation takes plate in 
two stages at temperatures below the apparent melting 

point of the alloy being treated (137) There is first a 
slow initial oxidation (exothermic) and then melting 

and rapid oxidation The temperature at whidi the 

original oxidation leads to burning is dependent on 

the composition of the alloy, the moisture content of 
the gas, aijd the veloaty of air over the furnace charge 

As an alternative to the foregoing, the addition of 

beryllium to magnesium (142) to the amount of 0001 
per cent greatly reduces this tendency to burn In cast¬ 

ing these alloys, the presence of beryllium eliminates 

the use of fluxes and the foundry sand need contain 

no inhibitors. In the magnesium alloy AZ 92 contain¬ 
ing 9.3 aluminum, 1.8 anc manganese, 0.0051 beryllium, 

and 0.030 iron, the presence of beryllium tends to pre¬ 
cipitate iron and manganese from the melt The most 

detrimental property of beryllium is that it tends to 
coarsen the grains of the nt^esium alloys. 

During the war, the Germans developed a magnesium 

alloy EM 62 containing 6 per cent cerium and 2 per 

cent manganese which had better creep resistaiice at 
550 deg. F. than the well known Y alloy (139). Since 

the war, a new magnesium alloy has been reported with 

the composition of 5 J per cent anc and 0.80 per cent 
zirconium remarkable for itt fine grain, toughness, and 

its ability to be extruded at high speeds (141). 

A study on the nickel-beryllium system indicates that 

alloys trf tlus aeries age-hatden ssmt readily dun those 

ot the copper-beryllium group (145). With nickel con¬ 

taining 2 per cent beryllium, maximum precipitation oc¬ 
curs after a few hours at 900 deg F. With 1 6 per cent 

beryllium, age hardening at 900 deg F. for 4 hours re¬ 

sults in an alloy witli a hardness of 460 Brinell, a ten¬ 

sile strength of 250,000 lbs. per sq in. and a yield 
strength of 100,000 lbs per sq in On this material a 
latigue strength of 65.000 after 30 million reversed 

cycles of stress was obtained and a corrosion fatigue 
strength at 1450 rpm of 30,000 lbs per sq. in after SO 
niillion cycles of stress was found. 

A new magneue alloy is reported with the composi¬ 

tion of 79 nickel, 5 molybdenum, 15 iron, 0 5 man¬ 
ganese called supcrmalloy which can be vacuum melted 

and poured at atmospheric pressure in helium or nitro¬ 
gen (146) It may be hot or cold rolled to 0 00025 in. 

The heat treatment to produce the required magnetic 
properties consists in maintaining it at 1300 deg C in 

dry hydrogen and axiling through the range of 600 to 

800 deg C at a critical rate depending on its compo- 
siuon fn the form of sheet 0 014 inch thick the initial 

permeability is 50,000 to 150.000 and the maximum per¬ 
meability 600,000 to 1,200,000 

A significant study has been reported on a series of 
zinc alloys with small amounts of copper and lieryllium 

Commercial zinc hardens only slightly by cold rolling 

as It crystallizes rapidly at or near room temperature. 
Its hexagonal crystalline structure makes it line up in 
the direction of rolling so that its physical properties 

vary according to the direction of working It was 

thought that alloying might improve its hardening char¬ 
acteristics I'he problem of adding beryllium is diffi¬ 

cult as beryllium melts at 1280 deg C and oxidizes 

rapidly while zinc boils at 907 deg C To solve this 
difficulty copper and beryllium were first alloyed and 
then added to the zinc The resulting series of alloys 

are age hardcnable and have a high enough tensile 
strength to give mild spring properties It is anticipated 

that these compositions may find a commercial appli¬ 
cation (150). 

I'he structure of gold-berrylium, AuBe, has been de¬ 

termined under the auspices of the Manhattan Engi¬ 
neering Project as forming an intermediate phase in 

equal atomic proportions 'I'he crystal is cubic, close 

packed in structure in that the beryllium atoms have 
forced the gold atoms out of their normal face centered 
position This latuce is similar to the FeSi type (148). 

Indium alloys have received attention especially in 

regard to their microstructure since extreme softness 
has made them difficult to polish. For the bismuth- 

indium series (149) the phase diagram has been con¬ 

structed to locate the liquidus and solidus and to estab¬ 
lish two eutectia, one with 34 per cent bismuth at 72.4 

deg. C, and the other with 50 per cent bismuth at 90 

deg. C In the work on the tin-indium system (147) the 
earlier work of thermal. X-rays, and electrical con¬ 

ductivity has now been confirmed by microscopic methr 
ods. A re<xamination of the series by precision thermal 

means with indium of 99.92 per cent purity and tin of 

99.98 per cent purity showed a eutectk with 48 pec 

cent tin at 117 deg. C. The {dtounnksiugirapltt are «x- 



ceptionally clear, especially when it is realized that these 

alloys recrystallize at room temperature. 

A periodic chan for metallurgists has been devised 

with analogous properties arranged along radii, and 

along diameters to show more clearly relauonships 

among different metals (179). 

Tesltng Methods 

A discussion of the characteristics of tlie Knoop hard¬ 

ness tester methtxl for its use with extremely hard sub¬ 

stances has been reported (159) and its use in relation 

to the load employed (160). The Knoop method can be 
satisfactorily adopted for separate constituents of micro¬ 

scopic dimensions, for extremely hard substances, and to 
obuin hardness values close to the edge of a specimen 

With interest in properties of metals at elevated tem¬ 

peratures so keen today, methods of hot-hardness test¬ 

ing have appeared in the literature (156 to 158) For 

routine work in the steel mill, Zmcskal reports an ar¬ 
rangement of equipment which provides an atmosphere 

of nitrogen in the furnate surrounding the speumen 
and possible readings up to 1500 deg F The furnace 

tube is stainless 18-8 steel wound with 18 gage chromel 
wire Other parts of the equipment that must witlistand 

heating are made of alloy 19-9 DL (19 chromium, 9 

nickel. 1 5 tungsten, 1 5 molybdenum, 0 5 rolumbium, 

0 5 titanium) The results of some hot hardness tests 

are as follows 

Malenal 70° F 1000° F 1200° F 1400° F. 

High speed steel 6 
W, 6 Mo, 2 V .. C 64 56 47 

Hot work steel 12 Cr, 
12 W .... C47 27 

Valve steel 21 Cr, 12 

Ni . , C38 26 18 
Hot work steel 5 Cr, 

1 Mo, 1 W . C 58 47 18 
Cold work steel 5 Cr, 

1 Mo . C64 44 25 

High strength suin- 
less (19-9 DL) . . CS4 21 14 1 

Tungsten carbide witli 
cobalt binder .. A88 88 86 83 

Hardness corrections for bar stock to illustrate the 

effect of rounds has now been established for the Rock¬ 
well hardness stales of C, 30 N, 45 N, and A (164) 

The identification of nickel or monel wire in a 
woven wire screen can be accomplished widi no dam¬ 

age to the material as follows. 

(a) Clean to remove dirt and oil Dip 2 seconds in 50 

per cent nitric acid, remove excess acid. The nickel 

wire is coated with nickel nitrate, the monel wire 
with copper and nickel nitrates. 

(b) Dip in 1 per cent poUssium ferrocyanide and dry 

in aur. 
(c) The monel is now pink due to the copper ferro¬ 

cyanide and the nickel remains slightly green due 

to the nickel ferrocyanide. 

This test should find wide application as the usual 

chemical analytes are time consuming (161), 

A new etchimt for stainless steel and cobalt base al¬ 

loys has been suggested (I^) as foUowt: Nitric acid, 7 

to B miUiltten; Hydrothlorlc acid. 2 to S me.; Cupric 

dsloride. (Ml fpm. 

A 13 X 30 it Pisree-Smith copper coavortor ombedios lot- 
•Bl improved design for this type of smelting equipment 

A punch press shaft about 6 ft long finished wttli 
heaw nickel plate. 



The polishing of tungsten for microscopic examina¬ 
tion has been improved (163) by applying to the final 
velvet polishing wheel a mixture of the following ma¬ 
terials; Linde Grade B polishing powder, 10 grams; Po¬ 
tassium feiricyanide, 3.5 grams; Sodium hydroxide, 1.0 
grams; Distilled water, 150 milhhters 

The development of X-ray diffraction equipment for 
studying materials up to 2700 deg. F. should find wide 
application for alloys required for gas turbines (166). 
It includes a Norelco X-ray spectrometer in which a 
Geiger counter replaces the photographic film formerly 
used. Openings in the furnace are made of beryllium 
sheet to provide high transmission for X-rays, to elimi¬ 
nate drafts, and to protect the equipment The temper¬ 
ature of the speamen under test can be varied at will 
''No review of testing equipment of recent design 

would be complete without mention of the automatic 
sonigage which is finding wider application as it is 
used (165). This ultrasonic device is suitable for both 

metals and plasucs and has the advantage of being a 
non-destructive method of tesung. It is possible to meas¬ 
ure the thickness of structures from one surface only 
within an accuracy of 2 per cent. Flaws in the bonding 
of materials such as welding or braiing have always 

presented hazards difficult to detect. The sonigage has 
been able to locate actual voids m certain instances. 
But poor electroplating can not be detected, nor ad¬ 
herence of layers of babbit metal, nor depth of case 
carburizing 

Welding and Powder Metallurgy 

This review of developments in the realm of physi¬ 
cal meulluigy does not attempt to include welding or 
welding methods, but the wide publicity during the 
war on welded ship construction has turned attention 
to failures which occurred with considerable loss of life, 
especially when the ship broke apart at sea. A report has 
now been officially released (170 and 171) which gives 
a detailed account of failures in the all-welded ^ips 
of the war years From a total of 5000 ships of the all- 
welded construcuon, there were 1000 vessels which sus- 
teined fractures of the welds Of these, 127 ships had 
senous breaks and 8 vesseb were lost at sea In an 
examination of the defects, it was found (hat cracking 
started in a geometric discontinuity or notch, huge or 
small, which resulted from poor design or faulty work¬ 
manship The crack then proceeded in a steel which 
was notch sensitive. This final factor is significant at 
it places before the manufacturer of steel sbip-plate the 
problem of control over the pecuhar condition of the 
material which seems to be intensified in notch sensitiv¬ 
ity. The loss of ductility of welded structures has been 
ably discussed recently by Kinzel where it was pointed 
out that lowered ductility at reduced temperatures may 
well be more serious in iu effecu than poor ductility at 
room temperature (172). 

The impetus to powder metalluigy during the war 
was marked by a number of radical developments. The 

Germans, faced with a shortage of copper, manufac¬ 
tured rouu'ng bands for ammunition from iron powder 
and reported that gun barrel wear was greatly reduced. 
Their consumptioa of iron powder during die war was 
tea times that in the United States. The hot presiii^ 

of tungsten carbide bullet cores at the rate of one evoy 
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five minutes in graphite molds at low pressure was an¬ 

other Geniian process (180 to 192). In America porous 
nickel cups were developed as a part of the mercury 

switch in the proximity fuse in such a way that the 

spin of the shell after being fired forced the mercury 

through the porous nickel and caused detonation 
Dense parts of complicated shape pressed from iron and 

ferrosilicon powders were also manufactured in large 

quantities for walkic talkie radio sets 

However, under peacetime conditions, the manufac- 

tunng of parts from metal powders must again depend 

on economical considerations such as the cost of pow- 
^ ders or the unique quality of the product The im- 

'^rtation of improved Swedish sponge iron at low cost 

has found a wide market It is generally recognized 

that the production of dense parts pressed from metal 

powders rests largely on the quantities of paru re¬ 
quired even after the piece has been otherwise found 
suitable. Powder metalluigy is a mass prcxiuction methcxl 

and in this respect it is like the die casting and the 
preusion casting industries. 

Illustraltom for this chapter were obtained 
through the courtesy of United States Steel Corp, 
American Swedish News Exchange, American Iron 
and Steel Institute, Westinghouse Electric Corp, 
Jones 6- Laughltn Steel Corp, Linde Air Products 
Co, Allts-Chalmers Manufacturing Co, War Assets 
Administration, International Nickel Co, Inc, Gen¬ 
eral Electric Co, American Brake Shoe Co, Alle¬ 
gheny Ludlurn Steel Corp, Metal Progress, Bethle¬ 
hem Steel Corp. 
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CHAPTER XVI 

METALWORKING 

by A. E. Rylander, F. W. Wilson, and C. F, Worfolk 

Advances in metalworking during this post-war era 
are logically consistent with and supplementary to the 

great strides that took place during the war 'Fhu ar¬ 
ticle will attempt to cover the major developments, with 

particular emphasis upon the motives of those seeking 
to improve the science of producing metal products and 
components 

One objective, always kept in mind by tool engineers, 
IS more rapid production of pans with less effort on tlic 

part of the operator A second objecuve is a better 

product at lower cost As a result of this type of think¬ 

ing, the modern machine tool is undergoing rapid 
changes 

MACHINING 

The subject of machining can be divided into kv- 

eral classifications 

Feeds and Speeds 

Extensive use of aluminum and magnesium dunng 

the war focused attention upon faster feeds and speeds 

than previously attempted with these materials and, in 
fact, lifted the sights with respect to all metals 

Cutting speeds of thousands of feet per minute were 

possible for these two metals instead of the usual hun¬ 

dreds Therefore, machines were redesigned for the 

higher cutting speeds In some cases, such as high-speed 

milling, high-cycle motors were mounted directly to the 

spindle, and the balance of the madiinc redesigned m 

harmony with the several new problems that this en¬ 
tailed 

More widespread use of the harder cutung materials, 

such as cemented carbides, contributed to a general in¬ 

crease in cutting speeds. As usual in any new develop¬ 
ment, the new cutting tools introduced additional piob- 

lems Inherent brittleness of these tools was overcome 

by negative back rake angles and cushioned supports 
Their larger capacity for removing metal also required 

changes in machine designs These, in the final result, 

meant higher efficiency for the tools themselves so that 

post-war machines have higher speed ranges than for¬ 
merly 

Cycling 

The newer machines invariably tend toward faster 

cycling. An example of this is the rapid traverse. Here, 

considerable cycle time can be sav^ if the work is 
brought more rapidly to the cutting tool Further de¬ 

velopment of the hydrauhe drive has contributed much 

to faster travene. The infinite variations in speed ob¬ 

tainable with diii type of drive made it eminently suit- 

able for both rapid travene and feed. And in instances 

where the mechanism is nut complicated, electric rapid 

tniverse and feed drives cut down the cycle time 

these developments led to improvements in auto¬ 
matic cycling, whereby rapid traverse, feed and rapid 

return are automatically determined These three steps 

arc often subdivided into minor steps for interrupted 

cuts or variations required by the workpiece By careful 

study of the work to be jierformed, automatic cycling 

greatly rtxiuces the time required for the production of 
each part 

Control 

Usually the rapid traverse, feed and cutting speed arc 
adjusted by a specialist called a "setup man.” This 

leaves little for the operator to do except load the 

stock and remove the finished parts If the machine is 
equipped with direct-current motors, speed variauoiu 

are more easily obtained When alternating current is 
used, speed variation may be obtained through a vari¬ 

able-speed transmission, a motor-generator set, electronic 

rectification, or hydraulic pressure variation For op¬ 

timum control of each machine function, the number 
of motors is usually increased And if an hydraulic cir¬ 

cuit IS used, all valves arc interlocked with the electnc 

control circuit 

Flexibility 

Single-purpose, high production machines require con¬ 

siderable capital outlay, which may be entirely lost if 

the part becomes obsolete So the modern trend is to¬ 

ward a compromise between the general and spedal- 

purpose machines Standard accessones are used as far 

F»»d usd travvM* avebaniam on a deubla eoiriaga loth*. 
Two control boxoa ot ouch ond el tbo lertbo bouso tbo 
raoebaniam lor eparerting and crelmg caznaga alidaa. 
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Sarving oa ton modiinM in ona, this shopar cnta gaora 
autonaiieaUr. It iaoluraa automolie chip control, and haa 

aaparata driaa and control at aaeh atotion. 

Light woTo micromolar uaas intoiioranea iiingaa to oatab- 
hUoh maaanilng proaaura. anabUng roadinga to bo dnpli- 
catod to .00001 Sneh moaauroinanta ora poaaibla with¬ 

out gaga blocha. 

Saaantaan machining oparotiona con ba paitonnad on 
thla dxiUbig unit. Eight outemotiaa angina bioeka ora cor- 
riad conttnuoualr an a track and toworad into poaiUon 

arltheut tha oparotor'a haip. 

as possible. Controls are arranged for either manual or 
automatic operation in order that the changeover can 
be made in a short time In fact, a new lathe has been 
introduced in which the cross-slide is entirely independ¬ 
ent of the rest of the machine and contains its own 
motor with sensitive stops and rapid traverse 

Multiple operations 

Methods for using several tools simultaneously are 
being developed rapidly as the need for higher pro¬ 
duction increases Multiple cuts are used m gnnding, 
broaching, milling, lathe work, drilling and particularly 
in the newest ,irt-sration work In this type of machin¬ 
ing, work fixtures index to a multiplicity of rutting sta¬ 
tions Each tool performs a separate operation The 
operators’ duties consist of merely loading and unload¬ 
ing the fixture An example of this is a recently devel¬ 
oped machine with 2‘1 stations, which completely finish 
a refngerator pump body 

A((ui(uy 
The tcndeniy in most designs is toward closer toler¬ 

ances and finish in order to obtain more rapid assembly 
and smoother operation To accomplish this, the ma¬ 
chine Kxil builder is increasing the dimensions of the 
aflcctcd parts in order to obtain a higher order of 
rigidity, thereby eliminating or reducing chatter and 

vibration 
Lubrication systems are being given considerable at¬ 

tention Hatdened way surfaces arc being used when 
costs are justifiable, to prevent inaccuracies due to wear 
,Antomatic control of the cutting tools is provided to 
compensate for the wear due to the cutting operation 
An example of this is seen in the control devices now 
being furnished on grinders The grinding wheel is au¬ 
tomatically advanced to the control position to compen¬ 
sate for Its loss in diameter due to the wheel wear 
Temperature control is being installed on machines to 
overcome errors due to wide variations in shop temper¬ 
ature or machine conditions 

Setvtce and Maintenance 
For many years, machine tools were characterized by 

the difficulty with which they were repaired. This condi¬ 
tion IS being carefully studied and remedies applied 
where needed Motors are mounted for quick removal, 
and electric panels located for ease of maintenance 
Chip conveyors are installed in many machines and 
lubrication systems made automatic as far as humanly 
possible 

*.’#7 - 

Down time 
One of the important factors in the cost of making 

a part is the time required to load it into the machine. 
In many cases, a redesigned fixture with a quick damp¬ 
ing device, or a hydraulic chuck, is more important than 
increasing the cycling or travene speeds 'To this must 
be added the time for tool sharpening before a true 
picture of the total cost of the part can be determined. 

Safety 

Acddent hazards are being continuously reduced, be¬ 
cause they affect the production rate and the attitude 
of the openiton. Automatic stops are being placed on 
planer tobies to prevent run-aways. Double starting but¬ 
tons are being installed, and electrical and hyidm^C 



systems interlocked to prevent mishandling Even the 
lubncation systems are being installed so that pressure 
must be built up before the machine can be surted 
so that die spindle gets a supply of oil before the ma¬ 
chine turns over Punch presses are now equipped with 
gates or sweep arms to prevent needless accidents 

BROACHING 

(1 to 15) 

rhc art of broaching has been subjected to consider 
able refinement in the past decade As an example of 
what can now bo produted, a broacli has recently been 
manufactured for cutting the S3 involute splines in 
steel clutch driving plates The broach is 5% in in 
diameter, bS in long, and weighs 370 lbs Approximately 
17/32 in of stock is removed in one pass, and the pro¬ 
duction rate is 120 pieces per hour 

In operation, the workpiece is placed on the table of 
a vertical hydraulic broaching machine The upper tool 
carriage lowers the broach, with the shank atturately 
remrali/ing the clurth plate 'Ihen, when the broach 
enters the automatic jnillcr on the lower side, the mam 
slide pulls the broach downward through the part At 
the end of the downward stroke, the part is removed 
and the bro.ich returns to us original position All mo¬ 
tions are controlled bv pushbuttons fur complete cycling 

Surf.ice broaching is being used considerably, particu¬ 
larly for such pans as aliiniiiiuni outboard motor parts 
'Fhe braching machine consists of a table containing a 
shuttling device which moves the workpiece and its fix¬ 
ture from side lo side in fiont of the two broaches In 
some cases, the fixture is for single parts and the table 
shuttles the device or fixtiiie from the loading position 
to the working position and back, in synchronism with 
the single broach which travels vertically 

Control of these cycles is an imjjortani element in 
the operation of these machines A selector switch is 
lurnishcd that can be sei for automatic, semi-automatic 
nr manual control of all functions For safety, the oper¬ 
ator must press both starting buttons at the same time 
and, m case of necessity, a knee bar has been installed 
that stops the machine instantly ‘'Inching” buttons are 
furnished, and limit switches can be connected m series 
With each cod circuit, or in combinations of series- 
parallel limit switches for desired machine operation 

The honzontal broaching machines have the advan¬ 
tage of being easy to set up and can be obtained in 
capacities of from 2 to 20 tons and with strokes up to 
66 in They arc particularly adapted for internal broach¬ 
ing, although some external work can also be done 
Broach speeds can be varied from 15 to 29 fpm, and 
these figures cover most requirements 

$1004N)0 gecR- ahapar which was sold boiD ths Door on tho 
sscead day el the 1847 Chicago Machlno Teel Shew. 
Shewn inspecting it is an offieial oi ths National Boilwoya 

el Colombia. 

Thu IS-tea radial drill typifies trend toward speeialisaiion 
evidenced at the Machine Tool Shew held in Chicago. 
September, 1947. Desjrile its sise. the machine eon be 

moved with one finger. 

DRILLING 
(16 to 36) 

Because drilling is probably the most common of ma- 
diine operations, a great deal of engineering thought 
has been devoted to this subject. 

The development of the hydraulic drilling unit has 
opened up what amounu to an entirely new field in 
the design of drilling equipment. These units consist 
of a motor driven hydraulic pump and spindle. The hy¬ 
draulic circuit can be arranged for electric start and 
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rapid approach All speeds are infinitely variable and 

all feed rates are also adjustable The device is easily 
installed and easily rearranged when production needs 

vary As a result, it is possible to use the units over and 

over again, thereby spreading the original cost over 
several years 

There are two schools of thought on multiple drill¬ 
ing One metliod is to drill all the boles at once with 

the work set up in a single position These holes are 
drilled in several directions, using hydraulic units and 

holding the work in a standard fixture An example of 

^ this IS the drilling of 98 holes in a tractor crankcase 

•v assembly. 

Another type of multiple drilling uses rotary ubles 
in which the table is indexed from station to suuon, 

coming successively under a scries of tool spindles or 
heads. In these machines it is not necessary to confine 

the machine to drilling, reaming and tapping Opera¬ 
tions such as counter-boring and chamfering can be 

added, if required. 

Still another type of drilling machine uses a horizon¬ 

tal drum indexing mechanism One design has a 10- 

station hydraulic indexing drum and is used for drill¬ 

ing and taper reaming The horizontal spindle unit has 

S4 spindles and is hydraulically dnven. 

Alnaliium ahml la lowwad late aulphiiile odd holh. EUe- 
tratrUe oiddaOm dapodiad madiMaa MUtlal Iniahaa <iad 

feattas eenaMaa raalaiaBaa^ 

Drilling is often combined with other operations in 

the same machines As a safety feature, all untts are 
hydraulically interlocked so that all units must perform 

their operations and return before the 'fixtures can be 

released and the transfer bar operated Failure of the 

clamping, unclaniping, transfer, or operating units to 
perform during any part of the cycle can readily be 
detected by means of a system of lights shown above 

the pushbuttons in the control panel 

Hie transfer machine consists primarily of a conveyor, 
and the workpiece is carried from station to station, 

usually in a straight line One very successful setup 

turns out refrigerator compressor bodies at the rate of 

188 pieces per hour Two workpieces in a single fixture 
are conveyed through 24 stations while SI different op¬ 
erations are performed using 152 tools 

This type of machine is also used in the manufacture 

of automobile frames which completely finish the frames 
from the raw material state and include many different 

types of operalions, such as welding, riveting, drilling, 

reaming, facing and rolling While the cost of these 

matiiines is great, their capacity for extremely high rates 

of production offsets the high initial investment 

Most automobile manufacturers are currently install¬ 

ing transfer machines for a variety of purposes 

OfflMMCM fas dagiM el hulfaff hwMM appawt ailtw 
ctBodiaiBS. JUiar aa««ikd Im iMm ImiML U It d^ 

a eoiiMle elMaar iMilk «« dmd. 
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A number of drilling accewories have recendy been 
developed for improvement of drilling techniques The 

adjustable mulu-spindle drill head comes under this 
classification Each dnll head can be revolved about two 

different centers so that the dnll point can be located 
and locked at any point in the area of a 3^ in ardc 
The drill press turret also increases the usefulness of 
the drill press. One type has a three-position turret head 
which can be arranged for drilling in one position, 
tapping in another and chamfering in the third Ilie 
tapping head is reversible and uses a collet-type chuck 

On low production work, the designer is often faced 
with the problem of accurately locaong holes where the 

rate of production does not warrant the cost of a dnll 
Jig To solve this type of problem, a new device has 
been created The hole spacer consists of a heavy flat 
table which moves laterally or longitudinally under an 

accurate spindle fixed ngidly in one position 
With the work clamped in place, the table is hy¬ 

draulically traversed from one predetermined jiosition 
to another by two selector controls Once the stops have 
been set. the table will return to them with high accu¬ 

racy This device can be mounted on a radical drill 
press since an arm is furnished from the bed of the 
spacer to the arm of the dnll 

AhoalwHi ttMaiM ]vv eUlnita, buiiad cmd ndmd ter 
OMdtebv of S3 tetet 01 ^nuMBt dsMulir at Uoopapwaqft 

FINISHING 

(37 to 51) 

Many industnes have arrived at an entirely new con- 
cepuon of metal finishing 

Due to their experiences in producing war products, 
today's finishing of metal goods is vastly superior to 
tliat of five years ago 

Rapidly disappearing is the assumption that one 
cleaning method is satisfactory for all work Each metal 
being cleaned, each substance being removed and each 

process being followed has a decided beating upon the 
type of (leaning employed and the method of applica¬ 

tion Incrc.ising use ol zinc, aluminum, copper and 
magnesium makes it impossible and impractical to ap¬ 
ply one cleaning method to all production 

Electro-cleaning has long been considered the only 

svav to obtain a chemically clean surface Despite recog¬ 
nition of this fact, there has been some resistance to 
Its wider use because of unpleasant working conditions 
involvcKl Recent developments provide for a dense, 
shallow, foam blanket that prevents overflowing, fuming 
and explosion In many cases, anodic cleaning elim¬ 
inates a preclcaning operation, but many plants will 
continue the use of a degreasing, tumbling or washing 

operation before plating 

Flectro-chcmual desc.ding may well be the most im¬ 
portant descaling nietluxi in tomorrow’s plant, especially 

where no dimensional changes can be permitted An ad¬ 
vantage of the method is ihe ability to remove scale in 
recessed locations 

Degreasing is being used more frequently as an inter¬ 
mediate operation This operation removes most oil- 

liound metallic and abrasive particles that might dam¬ 
age dies and tools used later Solvent degreasing is ex¬ 

pected to find an inaeased use in all types of opera- 
uons because non-flammable, chlorinated solvents are 

now available that ran be used in the three degreasing 

systems vapor, spray and immersion 

Pickling of non-ferrous sheets will be done continu¬ 
ously in the plant of the future A recently developed 
spray-pickling process speeds the pickling operation by 

eliminating the dipping of sheets and results in a bright 
surface finish 

Dcveloment of black oxide finislies is one of the most 
important advances in recent years. These finishes can 
be applied to copper and copper alloys, zinc, steel and 

tin by a simple method Metals so finislied have a per¬ 
manent jet-black surface The finish does not alter the 

characteristics of the metal nor change its dimensions 
or hardness It has lubricating qualities which make it 

suitable for sliding surfaces or parts which must be run 
in. 

The value of porcelain enamel as a finish has long 
been recognized for many products, but its use is now 
being extended and may even be applied to aluminum 

in the future. The difficulty with chipping has been 
minimized through the use of better ferrous material 

and improvements in pre-firing methods. This type of 

finish is particularly important from the sUndpoints of 
eye appeal and abrasion resistance. 
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Alkah-dlumina coatings are a more recent develop¬ 
ment These are applied by spraying or dipping and 
then baked on the metal rather than being fused with 
It They arc corrosion resistant, partially acid resistant, 
and heat resistant up to 800 deg F 

Electro-plating has also taken some forward strides, 
especially in the development of new electrodes for 
zinc and lead dcjxisition A particular development is the 
use of oil-beanng chromium Ckintrul over the process 
results in a deposition containing small pockets of reg¬ 
ular shape which hold lubricating oil A speaal appli¬ 
cation IS in cylinders for diesel and gasoline engines 

\ Chrome plating of tools is becoming more popular as 
Its practical advantages are recognized lliis is espeaally 
true m the case of expensive form tools and broaches 
where two or three platings can extend the tool life 
many times Its use on gage blocks has demonstrated 
the versatility of this material 

FORGING 

(52 to 65) 

Forging practice has considerably improved as the re¬ 
sult of war production requirements, and these develop¬ 
ments will naturally be extended m fuller peacetime 
applications Modcrniration of equipment will prove a 

big factor in extending the use of forging to many 
fields hitherto unexplored 

Advances that have been made in forging tonsist of 
better heating of billets, bars and blanks, more scien¬ 
tific and belter design of dies, improvement in dosed- 
die techniques; an increase in the general knowledge 
of the metallurgy involved, and ability to produce forg¬ 
ings with little flash. 

Scale has been one of the greatest drawbacks to the 
forging method It ruins the dies and is often pounded 
into the part, ruining it 

The elimination of scale is being attempted by better 
heating practice Controlled atmosphere furnaces, in¬ 
duction heating and molten heating baths of sranous 
types are now used in the forging field to beat stock 
before forging. 

Recent tendencies in forging move towards a reduc¬ 

tion in the amount of metal to be used. An example 

of this IS a railway axle which was formely forged solid 
Under the new method, it is foigcd from a seamless 
tubing These new axles have been very successful be¬ 
cause they provide strength where needed and are con¬ 
siderably lighter 

The forging of aluminum has opened up an entirely 
new field Aluminum cylinder heads of radial aircraft 
engines were made as castings for many years Press 
forgings have replaced this method of fabrication And 
because the new heads increased the horsepower ratings, 
the entire engine could be redesigned for a higher hone- 
power to weight ratio 

An addition to forging methods is known as centrif¬ 
ugal forging The steel bar is rotated in the dies during 
reducuon so that the excess metal is extruded into a 
gate rather than being forced into a flash gutter sur¬ 
rounding the die impression Fhis results in a forging 
which has no flash or parting lines The method is now 
being used to produce parts such as piston pins and is 
speafied to control gram flow and eliminate cracking 
m later heat-treating operations 

The use of closed dies has lately been developed to 

the extent that complicated shapes can be pr^uced 
more readily Within limitauons as to size and shape, 
forgings of brass, copper and aluminum are being pro¬ 

duced economically, chiefly because of the extrusion 
qualities of such metals Formerly, closed dies were used 
chiefly on simple shapes, usually symmetncal. 

At present there is a tendency to combine forgings 
and stampings, through welding and brazing, thereby 
saving weight but obtaining great strength 

GRINDING 

(66 to 81) 

1 he closer tolerances and finer finishes now generally 
specified make grinding and its allied operations—honing 
and lapping—of increasing importance Major improve¬ 
ments in this field include: 

(a) The automaltc sizing of cylindrical parts. One 
means of accomplishing this is through the use of elec¬ 
trical gage heads which determine the grinding opera¬ 
tion by direct measurement of the work being ground. 
At the same time, an indicating meter provides visual 
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inspection for si7e Sizing automatically may be applied 
to longitudinal measurements as well as to diameters. 
For example, if grooves or shoulders are to be ground, 
their location can be made part of the automatic con¬ 
trol equipment 

(b) Contour grinding By this method the wheel is 
dressed to the inverted shape of the workpiece, after 
which the wheel ran be used to turn out a large num¬ 

ber of identical parts before requiring redressing 

(t) Crush forming of contour wheels In this process, 
a steel wheel having the same contour as the workpiece 

on Its outside diameter, is machined and hardened The 
roller is then mounted on a wheel crushing mechanism 

built into the grinding machine or furnished as an 
accessory The roller is forced into the surface of the 
grinding wheel by power or hand, breaking down the 

bond and reproducing its own shape in the wheel This 
method can be used for both cylindrical and surface 
gnnding 

(d) Improved diamond wheels Laige savings of la¬ 

bor have been made in the grinding of opucal glass such 
as prisms These wheels make it possible to grind to a 
finish and flatness suitable for final polishing They are 
also used to grind hardened die and tool parts and 

similar parts made of cemented carbides 

(e) Increased emphasis on surface finish It is found 
that the coolant for grinding, lapping and honing must 
be really clean This necessitates an efficient means of 
removing metal and abrasive grits from the coolant as 

it IS recirculated through the machine An automatic 
separator of tlie magnetic type has been developed for 

this purpose whicli removes the sludge from the coolant 
Improved filter presses are also used, particularly for 

batteries of machines 

Grinding machine design has made rapid strides, par¬ 
ticularly with respect to the spindle bearings One com¬ 
pany has developed a very successful spherical bearing 

which permits some measure of self-alignment and, be¬ 
cause of Its split construction, can be adjusted for wear 
Another type is the hydraulic wedge type In this type 

of beanng, eccentric wedges are located about the 

spindle shaft in such a manner that the oil in the bear¬ 
ing IS forced into radially tapered pockets, thus forcing 

the shaft into a centrally maintained position 

Headstocks are now being supplied with variable 

speeds, and spindle drives on surface grinders are being 
equipped with V-belts instead of the older flat belts. 

Feed screws are mounted on pre-loaded bearings, and 
automatic back-lash take-up is usually furnished on the 

more advanced equipment. 

On internal grinders, the grinding fixture is so ar¬ 
ranged that it can be svrung out of the way when load¬ 

ing and unloading, a particularly advantageous im¬ 

provement under certain conditions. Tarry, or dwell, 

adjustment at either end of the teble is now regularly 
furnished on modem machines, as well as built-in level¬ 

ing screws. 

Many improvemenu have been made in the design 

of the ccanicpin grinder. An entirely new cycle has been 

developed which consists of the following steps; (a) 

Grinding the sidewalls of tlie pins is controlled by the 
dashpot feed, after which the pin feed begins This feed 

IS operated from a hydraulic cylinder built into the 

feed-up arm At a point where the pin is about 0.015 in. 
oversize, the feed stops and a short cycle rounding-up 
aition takes place (b) The operator places the sizing 

device on the crankpin and this releases the slow grind¬ 
ing feed At this point the back rest is positioned 

against the pm under regulated pressure The first siz¬ 
ing contact reduces the pin feed to a finishing rate, and 

die second starts a timer, which retracts the wheel and 
resets all feeds lo iheir original position 

On camshaft gnndiTs, the gnnding was formerly done 
in Imth directions of traverse The net result was that 
the cams at one end were latger than at the other end 

due to wheel wear The newer machines grind in one 
direction only and the wheel is redressed while the car¬ 
nage IS resetting This is made possible by a modifica¬ 

tion of wheel dressing equipment which has been sep¬ 
arated from the traversing mechanism 
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The valve face finder, equipped with a compact 
hydraulic coupling on the headitock, can now actuate 
the chucking mechanism. The complete cycle it hy¬ 
draulically operated and all steps of the cyde are indi¬ 
vidually adjustable. 

HEAT TREATMENT 
(82 to 101) 

Considerable information has been gathered on heat 
treatment during the last few yean Heat treating equip¬ 
ment may now include convenient means for heating 
pieces and their continuous handling. Temperature-con¬ 
trol devices for this application have been vastly im¬ 
proved. As a result, with data available, the heat treater 
can assure himself of economical reproducible results 

The primary objectives sought in heat treatment are 
hardness, strength, and toughness Strength is obtained 
by quenching which, however, introduces the problem 
of scale Salt baths and lead baths aid in preventing 
scale, while shot-blasting and nitriding improve surface 
conditions 

Since the usual tempering range is between 200 deg 
F and 1200 deg F, it has been discovered that two 
classes of work tan be produced within tins range For 
articles subject mainly to wear, such as ball bearings, 
gears and cutting tools, the tempering range is between 
300 deg F and 400 deg F, while objects subject to 
stresses, such as steering knuckles, are tempered above 
800 deg F The zone of 400 deg. F to 700 deg F is 
now being avoided because of the notch-bar brittleness 

found there 
A relatively new tyjje of tempering has been devel¬ 

oped called the bainiie structure method which gives a 
combination of toughness and hardness It consisu of 
heating as usual, then cooling to a temperature of ap¬ 
proximately 650 deg F, at which point temperature it it 
held for a considerable length of time (15-45 min). This 
treatment yields a parucularly tough product with a 
combined hardness of 50 RcKkwell C 

Eltctrie craloincrtic eeutrsla paimit prodaien work sriiheut 

INSPECTION 

(102 to 121) 

There is ample evidence that all plants will depend 
much more on precise and thorough inspection of all 
manufactured parts. Formerly, only a few basic types 
of gages and other inspection tools were commonly used 
At present, quality control has readied such a state of 
development tliat there are over 150 companies engaged 
in the manufacture of various types of gaging equip¬ 
ment Many new principles, as well as old, are being 
used in the manufacture of new gages These include 
air, fluids, light waves, electrons and electricity, all of 

which make the gaging operation simpler, faster and 
and the third to be repaired, or if beyond repairing 
eliminate the human element 

The use of amplifying gages is probably the most im¬ 

portant step forward in the science of gaging It was 
difficult for a human mind to grasp any divisions smaller 
than "Icnths,’’ but with amplification of any desired or¬ 
der available, the "tenths'’ became scale divisions of any¬ 
where up to two inches and the conception of one ten- 
thousandth of an inch became less awesome 

Another factor which has conrtibuted to the improve¬ 
ment of the gaging system is the change in attitude to¬ 
wards gages by the designers Formerly a gage was used 
continuously and far beyond its useful life No effort 
was made to check the effect of constant use until errors 
resulted The modern system requires the employment 
of three gages for cacli operation, one on the machine, 
the second in the tool room for instant replacement of 
the working gage when it fails to pass daily inspection, 
scrapped or rebuilt tor other operations 

On centerless grinding with the newer cycles, the 
operator places the work on the work blade, the rapid 
feed advances the wheel to the grinding position and 
infeed bqjins After an adjustable spark-out period, the 
wheel retracts and an air-presure ejector operates If 

desired, the machine can be converted to complete hand 
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operation and hand feeding Tlie machine may also be 
equipped with an automatic hopper feed This is of 
the vibration type where the parts are fed into a tube 
and then transferred to the infeed mechanism 

The field of centerless thread grinding has lately re¬ 
ceived a gre.it deal of attention from production engi¬ 
neers Usually, the first question that arises is one of 
cost The figures are not very well established to date, 
but the following conclusions come from reliable sources 
Crush dressing svill usually require about five minutes 
for truing the wheel When running a typical 5/16 in- 
18 screw, one dressing will be required for each 20.000 
screws Production reaches about 2400 pieces per hour 
with threads meeting Class S stand.irds A new straight 
crusher may be used about eight times before it needs 
regrmding Tapered crushers for forming throats have 
three to four times longer life 

Of particular interest to bearing manufacturers are 
the newly developed raceway grinders These tnachincs 
lire now available with complete cycling, automatic re¬ 
setting of the grinding wheel, optional cycles, sizing de¬ 
vices, easily adjustable angle and position of oscillation, 
and centralized control stations 

One of the more reient grinders grinds the mam 
bearings and Ian fit for crankshafts This machine has 
nine wheels of 42 in -diameter, which grind the seven 
mam beanngs, the fan fit and the gear fit An hy¬ 
draulically operated lateral locator is used to position 
the shaft and correct for mac curat y'of centerholes An hy¬ 
draulic wheel dresser is built into the base Each wheel 
IS dressed to us proper diameter in relation to the other 
wheels from a control station at the front of the ma¬ 
chine. 

Rapid strides in amplifying gages do not eliminate 
the fixed snap, plug or nng gages Many changes have 
taken place in these types, particularly in the use of 
harder wearing surfaces, such as carbides and sapphire 
for plug gages These new materials increase the life of 
gages from ten to thirty times or more, but are not al¬ 
ways necessary for gages used on short runs 

Dial indicators have been used for a gp'eat many 
years and it is probable that they will always have a 
place in (he mcKlern shop They are now built integrally 
with plug gages, ring gages and snap gages The addi¬ 
tion of this device certainly increases the flexibility of 
the tool since the exact amount of the over or under¬ 
size can be read, as well as the variation from the speci¬ 
fied limits 

The use of multiple gaging has expanded recently 
Here a number of dial indicaton are mounted on the 
same fixture. The part is merely located between the 
vanous dials by simple blocks A glance at the various 
dials will then give a complete picture of the suitability 
of the part for the use for which it is intended. 

Air gages are finding broader application They are 
most suitable for round parts, either short or deep, 
and can be used in a part while it is still located in the 
madiine and without stopping the machine. 

Optical methods of inspection are illustrated by the 
contour comparatm whereby an enlarged image of the 
pan is projected on a screen. The screen contains a 
ms^jnified dntwipg of the pan, and comparison of the 
shadow image with the drawing quickly indicates any 
d^fEeKm^ diit may exht.* 

An automatic magnotic ■oporatoi in which radial mag- 
natic holds rtmovo tho awori ond obrasiTe parlicloi iron 
honor and gnndec coolanto. Cloaning lo 95 to 88 por coni 

A otainloH otool ratlway cor boing iobrieotod by opei* 
wolding ptoeoio. Spot-woldot tranaionnon. thyratnm con- 

Irola, and wold roeerdon aro uood in tho oporatioa. 



To tranaiar a drowina to a film auiiaea. Kodak placaa o 
tranalueoat drawing ovat a Tranaiax-aproyad ahaal. ax* 
poaing tha whola to attong are or morcuir vopox Ughta. 

Tha tranafarrad loyovt diiad and orareoatad with prinar. 
wilhalonda banding and ahaaring. It alao raaiata torch 

cutfing ao that tha proeaaa may ha uaad with ataaL 

Tlie optical flats have contributed considerably to the 
accuracy of modern measuring systems They are par- 

ticularlv useful in measuring flatness and parallelism 

A skilled operator can read a flat to a few millionths 
of an inch without difficulty because the measurements 

are made by the appearance of light interference bands 
which appear as hills and valleys on the part being 

gaged Sealing fares of compressors and similar work 
are checked with optical flats 

Multiple inspection gages have been developed to 

check as many as twenty dimensions at the same time 
without any particular operator skill being required 

This fixture has been developed for gaging aircraft cyl¬ 

inders and IS so arranged that a colored bght will flash 
only when the specific dimension it controls is outside 

the tolerance limits 

Surface inspection is one of the newer developments 
receiving attention The Profilometcr consists of a fine 
stylus which, when moved across the surface, gives an 

amplified reading of the depth of surface markings A 

senes of master finish blocks is furnished with the ma¬ 

chine as a basis for comparison Optical comparators 
and microscopes are also being used for this purpose 

It IS predicted that manufacturing economics will be 

greatly affected by developments in inspection Scrap 

losses will be held down to less than per cent instead 
of the 20 per cent to 50 per cent now being found in 

some industries A better product, produced more cheap¬ 
ly. will result 

LATHES 

(122 to 141) 

Modern lathes are now broadly classified as all-pur¬ 

pose or special purpose machines 

The all-purpose machine is undergoing changes in 

construction rather than in the possible uses for which 

It has been designed A newly designed lathe is now 
equipped with double carriages, front and rear, each 
independently actuated by us own feed screw This 

lathe is designed for the use of multiple tools in turn¬ 

ing, boring, straight and angular facing operations 
Work can be mounted on an arbor, or held in chucks 

and fixtures All feeds can be controlled, giving rapid 
forward and return traverse, a timed dwell and an ad¬ 
justable length of power traverse. 

Wide-face, alloy steel headstock gears have shaved and 
hardened tooth profiles, llie front of the spindle is 
mounted on a double row of tapered roller bearings 
Lubrication of the headstock is entirely automatic by a 

pump from the reservoir. 

For the feed and traverse mechanisms, two control 

boxes are furnished, one at the front and one at the 
rear of the lathe. These boxes house mechanisms for 

operating and cycling the tool slides and carriages by 

the rotation and stop of feed screws. Length of feed cut 
u determined by the setting of the stop nuts on the 
trip screw at the carriages. 

During the forward movement of the trip screw, a 

multiple disk dutch is brought into engagement, sup¬ 
plementing the position of the feed drive. With the 
posiuve dutch fully disengaged, the feed screw is pulled 

up solidly against die contnd box. At thk point the 

disk dut<^ slips, and the teed ictew has been Inoiq^t 
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to rest by the trip screw being pressed against the sohd 
stop of the control box. 

At the head of the apron an adjustable micrometer 
sleeve is used as a diameter stop When the traveler 

nut comes in amtact with this sleeve, the block is no 
longer free to move inside the apron The block, there¬ 
fore, automatically moves the carnage toward the head- 

stock until the block contacts the nuts on the trip screw 
In angular feed, the infeed motion of the tool slide is 
simultaneous with the longitudinal movement of the 
carnage Stop nuts hinit this travel 

In order to reduce noise and its attendant vibration, 

the use of hernnglione gears in the headstork is becom¬ 
ing more prevalent More power can lie transmitted and 
smoother work results because tooth chatter is practical¬ 
ly eliminated Such results are obtained by means of 
the ovcilapping tooth contact in this type ol gear 

Special purpose machines, such as crankshaft lathes, 
duplicating lathes and centering lathes, have made great 
strides in their production capacities 

Improvements in crankshaft lathes have produced 
greater accuracy and higher production They are now 

being built for rough or finish turning of ail pm bear¬ 
ings. and rough and finisli turning of all line bearings 

with tolerances that were hitherto thought to be im¬ 

possible Super finishing has been undertaken by some 
manufacturers, a field that holds particular promise in 

diesel manufacture 

The duplicating lathe is a combination of a standard 

lathe together with an inbuilt hydraulic duplicator The 
lathe will produce, from a template mounted on the 
rear of the lathe, any shaft having an irregular contour 

The tool slide oiierates at an angle of 45 deg to the 
work axis, which compensates for the longitudinal 

movement of the carriage and permits the production 
of square shoulders as well as the execution of radii and 
bevels 

llie automatic lathe has been designed for the pro- 
duebon of valve guides and similar parts These are 

jutomatically turned in double-end drive machines The 
drive for Ixith spindles is by pulleys and V-velts from a 
splined jack-shaft Parts may be rough and finished 

turned in the same operation with separate tools Auto¬ 
matic feeding consists of a chute down which the parts 

are led directly to the chucking mechanism 
The shaft centering and facing lathe tomes in various 

sires to suit the shafts being machined One standard 
range is from 1*4 m to 6 in diameter and lengths 
from 'I to 44 in The machine ciperates on a fully auto¬ 

matic cycle with pushbutton controls and can average 
500 shafts per hour doing Ixith the centering and facing 
ojierations 

The lunel lathe, which holds a position somewhere 
between the all-purpose lathe ,ind tlie single purpose 

lathe, has recently been equipped witli an electro-pneu¬ 
matic control Dogs on a rotating drum actuate levers 

that trip solenoid switches to adjust speeds and feeds 
Four automatic changes of spindle speeds may be ob¬ 

tained with each set of hand pick-off gears 
I'hree automatic changes of feed arc also secured 

with each set of gears The multiple disc clutches are 

pneumatitally engaged so that linkage failures are not 
not possible The change from rapid traverse to reverse 
sjieed IS accomplished in 1/5 second The cross slides 
of the machine can be arranged for cither independent 
or simultaneous motion 

MILLING 

(142 to 167) 

In Older to obtain the full advantages of tungsten- 

carbide tutting tools, one of the latest improvements on 
milling machines is a heavy flywheel mounted inside 

(he column of the machine This addition permits 
smoother operation at higher spindle speeds 

MomIt* tabls-lyp*. opan-iid* null shown boring and 
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LeadnttM ii mounted on the aide oi the column ol o 
horiiontal milling machine. Meter shown operator whether 

he is using moehine to its lull capacity. 

The instalUtion of a had mrtei has proven a valuable 
ad|unct in deterinming the powei oipacity of the ma¬ 
chine It consists of an ammeter in series with the 
wiring for the spindle motor, and reads in a per cent 
of the full load The meter enables the operator to 
dcieimine whether he is making lull use of his ma- 
rhine Dull cutters can also be detected by noting load 
increases, an important factor in the use of carbide 
cutting 

The centralizing of controls has always engrossed 
milling machine designers One of the latest designs of 
milling mathincs has a bank of control buttons mounted 
adjacent to the operator's position This consists of IS 
controls with the following functions rapid traverse 
control that unlocks the table, retracts, returns, and 
locks the table in a selected position Vertical feed and 
bar feed are similarly controlled An emergency button 
can be operated to stop any machine function instan¬ 
taneously End measure gages are used for automatic 
positioning One button causes the slide to move in 
rapid traverse at an approach location and then com¬ 
plete Its positioning within 0 0001 inch of the position 
of the end measuring gage At the point of final loca¬ 
tion, the tension in the lead screw is released; and con¬ 
trolled pressure locks secure the head to the slides 

The duplicating milling machine has been receiving 
wider acceptance among machine builders. One machine 
automatically duplicates dies from a master die or pat¬ 
tern, thus relieving the operator of considerable work 
and responsibility Time is saved in roughing out the 
die impression because heavy cuts can be taken, saving 
time in hand finishing due to the accuracy of the ma¬ 
chine-cut die impression These machines are completely 
hydraulic in drive and feeding operations. 

PLANING 
(168 to 171) 

As in other machine tools, the planer has made rapid 
strides in the direction of higher production rates. The 
advent of the cemented carbide cutung fool has neces¬ 
sitated more rugged design throughout, higher cutting 
speeds and feeds and better control of generated heat. 

The appheation of variable voltage drive to planers 
has increased the ranges of speeds to SOO fpm with a 
large number of variations in return speeds ail insundy 
adjusted by Che simple operation of rheosuu. A ubic 

Ptonai daaign has bssn impiovad through ths uso oi 1am- 
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drive ratio ol 4 1 is usually employed with motor speeds 
ol 40 to 1200 rpm The lower available speeds with this 
setup permit the planing of alloy steels without ex¬ 
ceeding the economical life of the tutting tools 

One of the latest improvements in planer design is 
the use ol laminated plaUic wayi held in place by lam¬ 
inated plastic pins Several advantages result from this 
type of construction The first is heat dissipation Due 
to the low co-efficient of heat transfer, the plastic ways 
prevent the heat generated in bearing surfaces from be¬ 
ing transmitted to the tabic and subsequently warping 
both the table and the work located upon it The new 
ways also have a lower co-efficient of friction, thereby 
saving power Their load-carrying tapacity is about 50 
lb per sq in at 400 fpm, instead of a maximum of 20 
lb per sq in with metal ways Damage to the ways is 
further reduced, because cliips will not embed them¬ 
selves, thus preventing the scoring usually seen on the 
older types of planers 

Better lubrication contributes to improvement in the 
design of planers An inbuilt pump continuously sup¬ 
plies filtered oil to all wearing parts 

Hypoid gears are now used for the mam reduction 
drive The pinion is straddle mounted and the helix 
angle so arranged that the thrust produced is prac 
tically balanced out The pressure angle of the bull 
gear is held to a very low figure (9 deg in some cases) 
in order that the upward thrust of the gear can not be¬ 
come equal to the weight of the table itself. 

Several solutions of the table over-run problem have 
been worked out by the various planer manufacturers. 
In one of these, a cutting t<x>l is mounted on the bed 
itself and a block of softer steel is bolted to the planer 
table If the table should overrun the bull wheel be¬ 
cause of failure of the limit stops, the energy of the 
moving table is absorbed by the cutting tcx>l cutting 
into the block This gives unfailing protection even 
though it may never be used dunng the life of the 
machine A rack is attached to the table in sudi a way 
that the pitch of the rack is fixed to the bull gear so 
that the table can be moved back on the bull gears 
without damage to its teeth. 

STAMPING 

(17* to 

The present tendehey is towsurd turn ftm ^ 



Bolls ore exommad at the Swedish SKF Ball-bearing Com¬ 
pany's plant at Gothenbuig. They are autematieany lad 
into holes m a rotary plats ond poos slowly balers the 

inspector. 

ihan lieretolore used The nit'(h<inical picss has until 
rc(cully held an adeatuage over the hydraulic press in 
speeds of lain adsanii, pressing, and rani return How- 
estr hvdraulu press tiiaiiurantircrs have somewhat over¬ 
come this adv.mtage by the use of fast-acting valves and 
motors Hydraulit presses are available with opening and 
closing speeds of IWO in per minute and pressing 
sjieeds of SS*) ipm 

A new clevelopineni in press tcKils is the use of soft 
and easily shaped materials for dies such as zinc alloys, 
lead, wcKid, masoiiiit, plaster, plastics and combinations 
of these materials As a further step it is now possible 
to cast icKil steel to approximate final shaps so that a 
minimum amount of machining is reejuired 

Stretching, while not a new process, is being used 
more frecpicnily due to soft, easily constructetl dies 
The prcHcss is eminently suited to the production of 
aircraft skin sections where large or small quantities of 
parts are required It is now used for some automobile 
work 

Oinsiderable development has taken place in the 
deep drawing of steel Several methods are available 
fell coating steel slieets thinly with copper to act as a 
lubricant and to prevent the sheets from teanng With 
this newly acquired knowledge, it is now possible to 
produce many parts from steel formerly made of cop¬ 
per, brass and aluminum Likewise, steel products that 
once were made in two parts and then welded or brazed, 
can now be deep drawn in one piece without seams 

On large presses, it is possible to produce a dozen or 
more parts of assorted shapes and sizes, all at the same 
time This is due to the development of the Guenn 
process wherein the pressure ponton of the die con¬ 
sists of a heavy rubber pad Under pressure, the rubber 
blanket flows around the dies on the bed of the press 
and forces the metal to assume the desired shape Ro¬ 
tating index fixtures arc used in this work to increase 
productivity further. 

WELDING 
(181 to 188) 

Since 1946, resistance welding increased because of 
the development of the battery operated welder. The 
flash welder for aluminum has also become prominent 

Arc welding has been aided by the discovery of lime- 
ferritic electrodes for high stdphur steels, air hardening 
steels and alloy steels. Welding wires are also undergo- 



ing several changes because of a tendency among manu¬ 
facturers to use smaller wire with increased welding 
current 

The carbon arc torch is finding considerable success, 
particularly in rural Lommuniiies Its high concentrated 
heat and ease of control make it valuable for handling 
many complicated jobs 

In the related field of atamic-hydrugen arc welding, 

a three-head torch has been developed that permits 
faster work and better control of the cooling temper- 

In the field of inert gas that involves shielded art 
welding using either aigon or helium, developments 
have extended the application of this type of welding 
to metals other than magnesium and aluminum The 
elimination of fluxes has definitely aeated a place for 
the men gas shielded arc welding system. 

Several developments have taken place in the use of 
the oxy-aretylcne flame torch 

By using a hollow metal electrode with an oxygen 
stream it is possible to cut non-ferrous metals This 
method is also used for applying hard faang to thin 
edges, without distortion When finely divided hard- 

facing materials are introduced into the welding gases, 
the need for both rod and flux is eliminated. Since stain¬ 
less steels are becoming increasingly important in in¬ 

dustrial production and fabrication, methods of flame 
cutting these matenals have been developed. A powered 
metallic is introduced into the oxygen cutting stream 
so that the oxy-acetylene reaction will provide the neces¬ 
sary heating, melting, and fluxing to remove the re¬ 
fractory chromium oxide. 

Pressute welding is a newer development for making 
butt welds The two faces to be welded are cleaned and 
then forced together under pressure while being heated 
by a number of oxy-acetylene flames The matenal be¬ 
comes plastic upon attaining the welding temperature 
and IS fused by the pressure The joint is as strong and 
ductile as the base matenal, since no outside material 
IS added to the joint 

Cat welding, in common with other methods of fusion, 
lends Itself to mechainration The torches may be motor 
dnven on a track along the seam with or without the 

addition of filler rod, as conditions may require Tem¬ 
plate control of the cutting torch has solved several 
problems in machine production, particularly where 
production is limited to few pieces An example of 
this was the flame rutting of a crankshaft for a diesel 

engine from plate 52 in thick In this case, the slab 
was preheated to reduce cutting time 

Illustrations for this chapter were obtained 
through the courtesy of the Lodge and Shipley Co, 
Fellows Gear Shape) Co, Van Keuren Co, W F. t 
John Baines, Gisholt Machine Co, Cincinnati Bick¬ 
ford Tool Co, Canadian Anodized Products Ltd, 

Canada Pictures (Toronto), Westmghouse Electric 
and Manufacturing Co, Gallmeyer & Livingston 
Co, University Machine Co, Bryant Chucking 
Grinder Co, G A Gray Co, DeVheg Machine Co, 
Baines Drill Co, General Electric, Kingsbury Ma¬ 

chine Tool Co, E W Bliss Co, Van Morman Co, 
Ajax Electric Co, Cincinnati Milling Machine Co, 
American Swedish News Exchange 
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CHAPTER XVII 

MINING 

by A. H. Hubbell 

Rising costs and falling ore-grades have stimulated 
the metal and non-metallic divisions of the mining in¬ 

dustry to miprove their technological practice New 
levels of efficiency have been attained in open-cut min¬ 
ing and underground operation alike The industry, 
long regarded as well equipped for production, has be¬ 

come more highly mechanized New materials and ma- 
(hines, also new ideas and new applications of older 

ideas, have been used to advantage 
Rock drilling, loading, haulage and transport, both 

underground and on surface, exhibit the greatest prog¬ 

ress The job of breaking the ore and delivering it to 
the point where it can be shipped or treated has been 

cased and cheapened Other operations also show im¬ 
provement Mucking the broken ground in putting 

down a shaft was long the hardest work in sinking It 

may now be done mechanically Hoisting and hoists, 

including the wire rope, have undeigone improvement 
Ventilation is treated senously by mine owners, and 

air-ronditioning is forging ahead To a glrater extent 

than ever before, knowledge and experience developed 
in other brant hes of engineering and industry are be¬ 

ing utilized 

A spur to progress has been the bad labor situation 

Despite high wage scales, the supply of skilled labor, 
especially of miners, is still insufficient in many places. 

Absenteeism and “loafing on the job” also have tended 

to keep output down and costs up. Labor-saving equip¬ 
ment is therefore popular with management Slow de¬ 

liveries still hinder such improvement. 

Dnlltng 

For breaking rock and ore underground, the air- 

driven rock drill has no competitor except under special 

conditions. Where the material mined is soft, as in the 

case of potash and salt, the electric-driven auger drill 
may profitably take its place (1). Where the ground¬ 

breaking method permits the drilling of many holes 
from one set-up (by swinging the drill in a given plane), 
or allows a row of long holes to be drilled horn a 

bench by shifting the set-up a few feet each time, the 

diamond drill may offer advantages in a lower cost per 

ton broken and in greater safety (2). However, condi¬ 
tions cited are excepuonal. The rock drill is breaking 

a very high percentage of the total tonnage of ore 
mined today. 

The mo^rn power-feed drifter is typical of the 
newer diills. Of moderate weight, with bw air oon- 
sunqition, hig^ drilling speed, long life and bw main¬ 
tenance, it is easier to handle and run and should give 

bigger footage and tonnage per shift The power feed 

also speeds up the woik of backing out of ^ hob. 

Jumbo Speeds Setting-Up 
Much has been done to lessen the time required for 

setting up a drill in drift or stope Mountings for in¬ 

dividual drills have been improved Air-column bars 
are available Stopers can be had with air-feed legs 

Where more than one machine is used at the face, the 
modern jumbo, carrying its dnlls already mounted and 

connected to air and water, will prove a time saver. 
To illustrate, in one mine four drifters on a jumbo 

were set up in six minutes, as against 20 minutes for 
setting up a single column-mounted drill m another 

drift 

While not new in tunnel work, the jumbo in the 
last few years has found wide favor for drifting and 

even for drilling in slopes Recently, it has appeared in 

vanous models Among the unusual types are the fol¬ 
lowing 

A one-man single drill jumbo having a pneumatic column, 
the whole being mounted on a two wheel truck with two 
handles for pushing 

A folding, skid-roounted, single-dnll jumbo for use In 
trackless drifts between levels. 

A two-dnil hydraulic-iib jumbo mounted on a self-pro 
pelled low truck having four rubber tired wheels The drills 
have eqieciaUy long feeds 

A two drill track-mounted jumbo having a gear rack on 
each column with a crank for raising the cross arms 

A S-drill crawler-mounted jumlm (1) for stope use, each 
drifter being mounted on wagon-drill sashes and moved by 
chains, sprockets and air motors (3) Two men operate the 
three drills 

A 5-driU jumbo (4), having five jiower-feed drifters 
mounted on a high platform which is supported and car¬ 
ried bv a tractor (4) With it five parallel uppers can be 
drilled at a time in the back of the large open stopes for 
which It was developed 

A akapod ebengo plaood ctgafnal Iho UBdoraido ei a loaga 
fragaaoBt of wo bloeUag a cbuto. 
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In short, the jumbo has found a well-defined place 
in undergiround drilling. 

Detachable bitt of the types that have become standard 
over the past 15 years are accounting for the larger part 
of the total mine production (5). Although consider¬ 
able sharpened steel is still employed, three-quarters of 
United States mines and quarries are using bits. In Can¬ 
ada, bits are reported to account for 90 per cent of the 
Dominion output The domestic field is largely supplied 
by Ingersoll-Rand and Timken, the former now having 
a stud-type (two-piece) bit in addition to the regular 
one-piece Jackbit In Canada, the Craig throwaway bit 
and the Hayes bit, which i« used several times, dominate 
that field Other bus in the Dominion are the Liddicoat 
and Redington (6) The former is now being used also 
by Calumet & Heda in the United States In South 
Africa two bits have been popular, the P. Sc M. (throw¬ 
away) and the Simplon (rc-use) (7). 

What counts with the user of detachable bits, whether 
of the throwaway (one use) or the re-use type, is the 
tost per bit-use and the cost per foot of hole drilled. 
The number of usages obtained per bit vanes vndely 
with the user One is said to get 14 such usages The 
aserage is 5 to 6. 

Of the bits named, the stud-type is the newest (5) It 
consists of a factory-made stud of alloy steel which has 
a reverse buttress thread on the bit end and a machined, 
undulating, conical surface on the other. The latter end 
IS driven into the rod by a drill-steel sharpener Rede¬ 
signed Jackbits in several stud sizes are being made for 
use with the stud Fhe stud permits heavier construc¬ 
tion in small-bit sizes, so that the bit has a thick body 
to take the drill blows transmitted through it The stud 
may be bought with its thread accurately made in the 
factory instead of being fashioned in the mine shop 
where the treatment of alloy steel may not be under¬ 
stood Alloy-steel rods may be used with the stud (8). 

Smaller Bit, Smaller Hole, Faster Drilling 

Attention is lieing given the idea of drilling a round 
with a hole of smaller diameter, thus decreasing the 
amount of rock to be cut and in turn getting more 
drilling speed for the same power The hole must be 
laige enough to take sufficient powder to break prop¬ 
erly By starting at 1%-in diameter instead of 2y^-in. 
and using l/l&in. gage changes instead of i/^-in., it 
would be possible to finish at a ti» large enough to 
permit this. The practice would also permit use of 
lighter-sveight machines taking lest air and costing less 
to maintain. 

Practice in Canada has been trending toward use of 
%-m. steel instead of 1-in quarter-octagon. Approxi¬ 
mately 40 per cent of a latge group of mines surveyed 
in eastern Canada are using the smaller size, in an alloy 
steel. The rest prefer the larger hole with straight car¬ 

bon steel. 
Experimenting with holes of a diameter laiger than 

usual is also being done, For shooting them, powder 
has been made in experimental lots in stidts 2 in. in 
diameter and 16 in. long. The idea is to drill a round 
with fewer holes. Thus time and labor could be saved 
in drilling and loading. 

Drilling With Diamonds 

Fifty mining companies, moK <*r less, are known to 
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be using diamond drills for drilling blast holes for ore 

production (2) More than half of them are in Canada 
where the extensive employment of this practice began 

approximately 10 years or more ago* Most of the 

otliers arc in the United States, a few being scattered 

abroad 'I'he portion of each company's tonnage pro¬ 
duced by diamond drilling varies greatly, from less chan 
10 per cent up to almost 100 per cent 

The diamond-supply situation and the advance in 
prices of industrial stones, which took place in 1946, 
seems to have had little effect on the blast-hole footage 
drilled by the industry (5) A prominent drilling firm 

anticipates increased rather than decreased use The in¬ 
crease in cost per foot drilled, which would result from 

higher prices for stones, is secondary to the cost per 
ton ol ore broken With the mining metliod commonly 

used with diamond drilling, tlie latter cost is much re¬ 

duced 

Significant results obtained in blast-hole diamond 

drilling arc given. 

AvrroKf footage drilled per machine shift for 27 users 
ranges from 31 h to HU In 20 of the 37 cases it is over 40 
In five cases it exceeds HI 

Peerage tonnage broken per fexH of hole clnlled for the 
same users ranges from 1 5 to 6 I In all except five of the 
cases It IS 3 or more 

Cost per foot of hole for the 27 users ranges from 027^ 
to $112 (U S cy) In 10 cases it exceeded OW^ These 
costs are one year old at the time of this writing and in¬ 
clude at least several months in which the higher prices for 
stones were effective 

Experiments made with holes 1 15/16-in in diameter 

have determined that, with tlie powder concentration 

of 1 6 lb per ft of hole permitted by this large design, 
8 tons or more was broken per ft of hole under gcrad 

conditions 

Tungsten-Carbide Bits 

The rock-drilling situation being otherwise as de¬ 

scribed with respect to bits, it recently has been vested 

with doubt as to the future by the introduction of both 
percussion-type and rotary bits having inserts, on the 

rutting edges, of tungsten carbide or so-called "hard 

metal” (9) So remarkable have been the dnlling speeds 

obtainecl with this material and the length of bit life 
exhibited, particularly when used with the ordinary 

rock drill, that the art of drilling rock appears to be 

about to take a great step forward 

"Hard metal,” consisting of cemented carbides or tung¬ 

sten carbide plus certain alloying metals, has been 
known for two decades Under the trade name "Widia” 
It was used in Germany after World War I in wire¬ 
drawing dies Some years later it was tried successfully for 

drilling rcKk. Five years ago, the Sandvik Steel Works 
in Sweden undertewk to test it The result was their 
Ckiromant jumper drill which has a slab of tungsten 

carbide bramd into a slot cut along iu chisel edge. 

* Diamond drilling of blast holes was first used in the 
Soudan iron mine on the Vermilion Range in northern Min- 
nosota about 50 years ago. It was discontinued because of 
the then rising cost of stones. The practice was rerlved in 
1037 when Noranda Mines Ltd., in Quebec, substituted dia¬ 
mond drills for the rock drills H was using in drilling long 
hotos with joiatsd rods, in faU'Shapod patterns drilled from 
a eii^k aet-np. 

Three companies in Sweden are now making such drills. 
Imported into South Africa, this jumper has done ex- 

cclieni work on the Rand, where it has been used in 
a light jackhammer The cost of such drilling is sull 

in doubt Reporting for Van Dyk Consolidated Mines, 
the engineers stated, among their conclusions, that “for 
normal slope drilling the present cost of tungsten-carbide 

jumpers (said to have been £3 10s.) is still much too 
high to warrant serious consideration ol a change from 
normal steel (9) 

Development of tungsten-carbide bits in the United 
States was delayed until after the war by pressure of 

war work Remarkable progress has since been made 
Already several lines of bits have appeared These in- 
ilude the Carset Jackbit, a four-point (or cross) bit 
made by Ingersoll Rand Co in collaboration with Car- 

boloy Co, the two-point chisel-edge Carr-type bit and 

various rotary bus made by Kennametal, Inc, and the 
line of bits only recently announced by Firth-Stirling 

.Steel fc Carbide Corporation 

Experience with bits of the first two makes has been 

recounted in recent articles (9) Let it suffice to say 
here that the experience is varied In some ground, car¬ 
bide bits drill marvelously, giving many times the foot¬ 
age obtained with ordinary detachable bits and with a 

bit life of perhaps several hundred feet In other ground, 
a bit may fail miserably, the inserts breaking or pulling 

out Obviously, considerable trial work remains to be 
done Despite the difficulties, the future for tungsten- 

carbide rock drilling appears promising 

The Shaped Charge 

Blasting IS as essential to breaking ground as the drill¬ 

ing that must precede it Disappointingly, this summary 

cannot include, with respect to explosives, accounts of 
developments such as have signalized drilling progress 

There have been very few developments in recent 

years, according to the explosive makers For a time 

a possible sensation Icximed in the shaped charge, 

which utilizes the so-called Monroe effect, whereby a 
considerable portion ol the energy can be directed 

along a given line with amazing effect (10) This is 
obtained by fasliioning a conical cavity of calculated 

chmensions in the underside of a charge It was this 
jet effect that accounted, in part, for the bazooka's suc¬ 
cess in piercing tanks and for the destrucuon caused 

by demolition chaiges Logically, it was reasoned at 
a western mine after the war that the principle could 
be used to good effect in connection with mining ex¬ 
plosives Shaped charges were made and used success¬ 

fully in opening slope raises blocked by large frag¬ 
ments Prominent explosives manufacturers, however, 

charge that this is technically wrong As good, or better, 

results can be had, they assert, with a properly prepared 
bomb, or bundle of sticks. At present a western copper 

mine is doing a secondary blasting in its open pit with 

shaped charges supplied in three sizes by a prominent 

maker An order for 11 tons was recently rejxirted It 
would appear that the last word has not yet been said 
on the matter 

Short-period delays have been introduced for de¬ 

tonating a charge where it is desirable to reduce the 
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vibration from the shot and improve the backbreak 
They permit various combinations with instantaneous 
delays A so-called blasting-timer machine has also been 
introduced to accomplish the same thing With it a 
senes of charges can be fired at pre-determined inter¬ 
vals as short as 0 005 of a second 

It may be noted that detonaung fuse is being used 
undeiground to an increasing extent. 

Mechanized Scraping and Loading 

Mucking, or removal of the broken rock or ore from 
the face in the heading or slope, has become highly 
mechanized. Labor shortage has speeded the mechaniza¬ 
tion and made it more complete The need for lower¬ 
ing costs has also helped Taking the place of the hand- 
shoveler are the mechanical loader and the scraper 

Two general types of loading machine are in com¬ 
monest use: (a) The dipper type which raises the ore 
"over its back" and dumps it into the car hooked on 

behind (11) The Eimco and Gardner-Denver machines 
are the best known shovels of this type (b) The con¬ 
veyor type, both rail- and crawler-mounted, such as the 
Joy and the Goodman, which "claw" the rock on to 
the foot of a belt which conveys it up and back into 
the car behind (1) This type has been used chiefly for 
non-metallic products, but a loader of Joy make, de¬ 
signed for handling iron ore, has recently been put into 
trial use with shuttle cars in the Birmingham district 

A recent innovation has been the use of the Eimco 
shovel for mucking out a winze being sunk at 23 deg 
A drum and cable attached to a rear wheel control the 
mucker's movements on the sloping track Operation 
IS otherwise the same as on the level. 

A growing practice where certain sloping methods 
are used is to pull out the loading chutes and let the 
ore run on to the level where it is shoveled up with 
loaders (12) This saves labor, avoids chute acddenti 

Introduction of crawler-mounted loaders has led to 

lO-tou dUMl lecooMllT* bulll by a Britiah mauulaetuzw 
for imdargrouad ••rvie*. Eabanai goMa or* conditieaed 
by vrertai woaUng. Tb* uali eon negedoi* 40 dag. eurvaa 

on 3S-lb. roll whan niiaiag afona. 

TzoUay tafophona. utlUiing evaihaad wira. psavidao ean- 

tha dfopoichar or ahifl ban. 



MINING 277 

a diversity of types Typical of one group is the Trax- 
cavdtor which digs its dipperful, raises it up, travels 

on crawlers to the truck, dumps its load and returns 

for another It combines the loading and transport func¬ 
tions 

Scrapers come in the hoe type and the box type, the 
former predominating (13) They may be operated by 
air hoists up to 35 hp or electric hoists up to 150 hp 

The electric-hoist motors may be a-c or d-c, both of 

whicJi have ardent champions Scime electric installa¬ 
tions are equipped with remote control, manipulated 
by the operator at a point away from the hoist where 

he tan watch the loading better 

Fnidtttg Scraper 

An outstanding development is a 72 in hoe-type 
scraper that folds up when pulled back, thereby avoid 

ing the heavy pull on the tail sheave when laige rocks 

are met Open, it is 56 in high, folded 26 in Devel- 

A ahakar-eonvayor lina dahvara ora brokan by block- 
coring mining mathod from alopa chuta (at for and) to 

roiaa m foraground. 

oped by Climax Molybdenum Co, it has been taken 

over by the Eimco Corporation 
Scraping is flexible and pcnniis many variations By 

use of snatch blocks, the scraper may be operated at 

angles to the center line of the hoist By setting the 
hoist above the drift, it may drag alternately from two 
opposite headings With the hoist on a turntable, slush¬ 

ing (i e. straping) may be done from any direction 
To expedite the h.uulling of trains at the shaft 

piKket, a train may be dumped into a trench parallel¬ 

ing the trai k While the tram passes on, a scraper 
drags the ore in the trench to the pocket 

In some mines, loading chutes have been removed 
and the ore from tlic raises is let run into a drift ]ust 

over the haulage track (H) A scraper in the drift trans¬ 
fers It to a hole in the floor through which it falls into 

The scraper slide is yielding to shovels for mucking 
out headings In portable form, it is used to scrape 

from various points, delivering to cars on the track 

Shaft Mwktng 

The Riddell shaft mucker is one answer to the prob¬ 
lem oi shaft mucking (15) It comprises a %<u yd. 

clamshell bucket hung from a carriage that carries three 

air motors and is movable within a frame attached to 
the shaft timbers The operator works from the car¬ 
nage Any point in the shaft bottom can be reached. 
Aiiothei type of iiiucker recently built under the Bosko- 

vich patent uses a power-sliovel bucket, suspended be¬ 
neath a cage and crowded into the muck by an air 
piston 

llttulnge and Transport 

Time-tcsicd electric haulage, of both the trolley type 
and the battery type, remains strongly entrenched un¬ 

derground Tlic relative position of the two types is 
little changed For long hauls and large capacity, trol¬ 

ley haulage is preferred Where already installed, it is 

likely to stay The typical use for battery locomotives 
IS for gathering on the main (trolley) haulage level 
and for hauling only on those levels where there is texi 

little work and too short hauls to justify the trolley 
type 

Advantages of battery haulage are that the locomo¬ 
tive IS flexible up to its full ampere-hour capaaty, and 

the system is safer for everybody because it requires no 
live wire overhead More powerful batteries now per¬ 

mit the small trammer-type IcKomouve to be used for 
the entire shift without recharging A 36-cell battery, 
good for I4i/^ kwh, can be had, compared with the 40- 

cell battery with a rapacity of 9i/J kwh formerly sup 
plied. 

Competition From Diesels 

Diesel locomotives, once taboo undeiground because 

of unpleasant exhaust gases, can be used where ventila¬ 
tion IS good (16). The exhaust gases must be condi¬ 
tioned first This position is maintained by the United 
States Bureau of Mines. Backing it up is the fairly 

extensive use of diesel locomotives in some European 

countries and in South America. Installations of diesel 
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engines underground cited by the afurcsuid Burcdu in¬ 
clude 

(a) I'liiico loader in a mine in the 'In Stair District (li) 
trucks in a Virginia gy}>suiii mine (<) \ Sion locomotive 
in a C.alifornia itingstcii mine <tl) Diesel and gasoline 
iwnicreil cc(iiipiiient in a dam tiiiiiiel in iViins^lvania (e) 
\ loader in the Hiireau's oil-shalc mine in Cailoiado (f) To 
these may he added the locomotite m the treasury tunnel 
in Colorado 

Unpleasant odors from the exhaust unquestionably 
provide a serious obstacle Ncvcrilielcss, the economy 
and low-maintenance cost gained in diesel operation 
are not to be ignored One operator points out that an 
adequate air hltcr is necessary if the mine air is dusty 

Miikt7ig Hintlage Snfi-t 

With small locomotives, accidents can be caused 
when some one, walking alongside, movies die con¬ 

troller To prevent this. Atlas Cai k, Mfg (>> has pro¬ 
vided an interlock whicli prevents the motor from be¬ 
ing moved save when the motornian is scaled with his 
fool on a safety switch 

Another practice to make haulage safer includes the 
use of an improved trolley guard of flexible, flame- and 
acid-resistant material, capable of withstanding high 
voltage It protects the pole as well as men from the 
wire Another item is the use of an electric eye to 
wiund a warning signal ai a junction to announce the 
approach of a main-line tram, also to open and dose 
ventilation doors in the haulage way Where traffic is 
heavy in large mines, some sort of block-signal system 
IS imperative 

A new feature of modern haulage, that incidentally 
has a safety angle, is the trolley telephone, whereby 

communicattoti may be had by the motorman with the 
foreman, dispatcher or ocher person The overhead 
wire IS employed (4S). 

Trarkless Mining 

Borrowed from coal mining, the rubber-tired shuttle 
car has proved its value fur transport in underground 

mines producing salt (17), potash (1), gypsum <18) and 
bauxite (19) Loading is done by crawler-mounted con¬ 

veyor-type loaders Modified in design and construc¬ 
tion for handling heavy metallic ores, it has recently 

been introduced by the Joy company in a Birmingham 

iron mine, where it will be loaded in like manner An¬ 
other installation, to be loaded at the outset by scraper, 
IS on order for a non-ferrous metal mine also in the 
southeast 

Shuttle cars travel at Si/J to 4 mph loaded and 4 to 
5 mph empty (20) Capacities range from 4 to 10 tons 
The crawler-mounted loaders load 2 to 8 tons per min¬ 
ute Advantages of the combination are elimination of 

track work and track haulage in the working place 
and reduction of it elsewhere This holds loader time 
losses to the minimum by spotting the shuttle car hop¬ 
per right under the discharge boom of the loader, to¬ 

gether with the ability to load waste rock in the shuttle 

car for removal Maintenance costs (1946) were 0.0S4 
to 0.05? (U. S cy) to 5? per ton. 

Side-Dumping Mine Car 

A survey of underground mine, cars used by SS major 

coin]iatiics (21) shitwv that a sidc-dumping type is pre- 
fenred. the (.r,inby type leading the rocker and gable- 

bottom types Ollier types lavorcd were the end-dump, 
lioitom-dunip, anti rigitl-box type requiring rotary 
(lumping C.ip,icities vaiy from 1 to 12 tons Practically 
.ill cars have anti-fru lion bearings An outboard spring 
mounting provided in one aimpany’s Cranby-type cars 
makes them dear themselves beticr when dumping 

Conviynts Ihefu! Underground 
Belt and shaker conteyors are slowly making their 

way in the field ol underground transport (22) The 
snctessful use of licks in open (ul work has had a favor¬ 

able inflticticc Improvcil (onsiniction of belting using 
steel and cotton cords lengthwise and various materials 
in the fabric, |ieimits greater length of eonveyors be- 
twtren pulley centers The newest development of the 
U S Rubber (a>. s.iid to be 21/2 to 4 times stronger 
than any other licking will iroiigh perfertly, according 
10 the company In its fiisi uiilicaiion (in a coal mine), 
the conveyor will be 2(>l)0 ft betwen pulley centers, 

rising MO ft at 15 deg 
Outstanding underground installations include the 

shaker-fed iK'li-conveyor sysieni whidi transfers the iron 
ore from top-slicc stojies to the shaft pocket in the 

SherwtxHl mine, northern Michigan (28) This com¬ 
prises two lick conveyors all on one level (total rise 
fi({. It), one 818 ft center to center, and the other 648 
ft Capacity is 200 tons per hour 

In contrast, the 2496 k-long belt system in the Kim- 
berly mine, British Columbia, lifts the ore 680 ft ver- 
iitally in going from the 5900 to the 8400 level, has a 
capacity of 400 tons per hour (24) It saved sinking a 
new shaft 

CoBvayot lm» eonying iron era to shaft pockat on ena 
Isvsl. Tbs bait rscaWsa its lood bom abokoi coBvoyoia 

that como out of Ibo aCopoa, or working plncoo. 
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The Shaker Conveyor 

Adoption of ithaker conveyors outside the coal indus¬ 
try has proceeded slowly (25) The Iron Country now 

boasts installations in five mines compared with two 
mines 18 months ago 7 wo copper mines in Arizona 

have used them for six or seven years in tonnettion 
with block caving Shakers are suitable for handling 

coarse or fine, preferably dry, materials over moderate 
distances. 

Over a period of three years Rennet ott Oopper (arrp, 
at Its Ray Mines in Arizona, obtained an operating 

and maintenance cost of 0 075y per ton Items enter¬ 

ing It were, pans and liners, 0 075^, installation and 

operation, 0218^, maintenance, 0 427^ and power, 
0030^ Future cost, it is estimated, will not exceed 065^ 
(U S cy) per ton 

An installation in Mexico gave an operating cost 

for a 328 ft haul of 0 035^ per tun, against 0 067^ (U S 
cy) for a battery locomotive and 40 cu yd side-dump 
cars 

Hoisting Piatlur 

Substantial progress is being made in hoisting prac¬ 

tice Attention is being given by designers to such mat¬ 

ters as the following' 

Reduction of fleet angle to reduce rope wear, pro¬ 
vision of greater sped to increase shaft capacity, design 

for (umpactness where space is cramped, and the use 

of multiple-tooth clutclies for greater safety Also to re¬ 

duce rope war, winding in a single layer on the drum 

1$ favored 

Hoist control of the Rototrol or Ainplidyne type is 

becoming the regular thing, insures projier hoist oper¬ 

ation despite possible carelessness on the hoistman's part, 

and prevents excessive speed, burned-out motors, over¬ 
travel and unnecessary use of power (26) The pos¬ 

sibilities of full-automatic control, such as that exempli¬ 

fied in the Inspiration hoist in Arizona, are also being 
studied 

Up-to-date means of (uinmunication between hoist- 

man and cage tender have been provided in one of the 
llomcstakc shafts to permit giving insrtuctions while 

the cage is moving Here the hoisting rope is used to 

carry a fundamental frequenty which can be modulated 
for voice transmission 

Wnght-Hargreaves’ development of rubber-tired skip 

guide-wheels, to prevent wear of wooden guides, is being 
copied (27) 

A push-button automatic elevator has been installed 
in ilie Boyd shaft at Ducktown and in the Mather head- 

frame at Ishpeming fn each case a hoistman is un¬ 
necessary and work is cased for the workmen 

light-metal alloys are being utilized to cut cage 

weight and lioost live load, as in the aluminum cage. 

Mechanical loader of dipper type ehevehag ore into car 
hooked on behind. In the mining method ueed, the chutes 
have been pulled out and the ore hos been allowed to run 
down onto the level to be ehoveled up. One of the muck 

piles thus formed is here bemg attacked. 
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Some New Hoists 

An interesting hoist is the double-drum unit without 
a center bearing (to cut the fleet angle) built (or the 
USSR by two American firms (28) Omission of the 
bearing netessitalcd a heavier shaft 

To get a double-drum hoist with 12-ft. diameter 
drums into the underground hoist room of an Idaho 
mine, sectionalired ronstruttion was necessary The 
drums were platetl in tandem to reduce the fleet angle. 
A third machine, of by-cylindro conical-balanced single¬ 
drum type, recently installed, is hoisting 10 tons every 
120 seconds from 2,200 ft 

To detect dangerous flaws in hoisting ropes by a series 
of non-destructive tests, the Dumont cable tester has 
been developed from the Cyclograph The latter in¬ 
strument makes use ol the fact that the amount of eneigy 
aKsorbed by a body in the field of a coil carrying an 
alternating current depends on the material in the body 
and upon the internal structure of that material and 
Its stresses The tests have been encouraging It is be¬ 
lieved that the beginning of rope deterioration can be 
detected 

Piojtn Ventilation 
Proper ventilation of mine workings is now recog¬ 

nized as gocMl business (29) The idea is that the men 
will be more contented and do better work It should 
also reduce the incidence of disease from dust and so 
benefit employees and company alike Within its scope 
also come dust control, dehumidification and cooling 
Summed up, it means supplying enough air of the 
right characteristics to make working conditions com¬ 
fortable At some mines ihe natural ventilation alone 
will do this In general, however, mechanical ventila¬ 
tion IS being widely used Many large fans are in serv¬ 
ice In Ontario, for example, at least 50 are to be found 
at S2 mines, the largest single unit having 200,000 cfm 
capacity 

The ease with which the axial-flow propeller-type 
fan can be installed and, when necessary, quickly re¬ 
versed has made it popular as compared with the pro¬ 
peller fan A fan manufacturer stated, however, that if 
efficiency is high when blowing, it will be compara¬ 
tively low when exhausting, and that the capacity will 
be less in one case than in the other 

According to another maker, auxiliary ventilation has 
been standardized on an axial-flow fan 18 to 20 in in 
diameter or a centrifugal (an of 5.000 to 6,000 cfm ca- 
paaty Still another holds (hat two types are necessary; 
a medium-pressure, axial-flow unit and a high-pressure 
centrifugal fan, if one is to get the most air for the 
least horsepower When higher static pressures are 
wanted, because ventilating lines are longer ot smaller 
pipe is desired without reducing the volume of air, the 
centrifugal blower is best fitted. 

Why try to condition the air of an entire mine, it is 
asked, if a spot cooler in the warm place will be suffi¬ 
cient? To date, only a few such uniu have been in¬ 
stalled, the war having interrupted the worit. The idea 
expressed is sound.- Where us^ Spot coolen have im¬ 
proved air conditions in dead ends and in places m- 
mote from the main ah- stream. In one mine, spot cool¬ 
ers are delivering S,S00 cfm thmuj^ 4,000 ft at pipe so 



Biddall ahoit muekar aaaii from bettem of abaft. Cairlaga, 
which conioi elamahaU-huekat heiai and ita motera, oa wall 
oa tha opaiator, lidaa back and forth on tha two baanu. 

Oparafor on eoga in mino ohoft talka diractly with heiai- 
man on top. Voice racaiaar and ftanamlttar ara juot OTor 
hii head. Hoiating rape aupporting cage caniaa f«mda- 
manlal iraquaney whleh^^^cm^e medulotod ier reiea 

dead ends, discharging it at 79 per cent relative humid¬ 
ity, compared with 96 per cent at the intake. The 
cooling efEect results from the lowered temperature and 
smaller quantity of water vapor. 

Soon a new 573,000 cfm cooling plant will be added 

to Magma Copper Co.'s present installation, one of 
the relatively small number of large refrigeration planu 
in the mining industry (30). 

Aside from this, the most recent intallation of a sys¬ 
tem for refrigerating mine air, one put in by Noranda 
Mines (31) in Quebec, involves the cooling of mine air 
in the summer by passing it through an old slope filled 
with ice, formed during the vrinter by spraying water 

into the cold winter air entering the stope (31). A cost 
of about f0.07 per ton of refrigeration has been ex- 

Larga beiatiBg capacity faaturaa Ihla afaigla-dnim unlL 
Evacy 120 aacoada it bringa 10 tona of limaaloaa to aur- 

faca from 2,200 ft. daplh. 

Cantrilugal pumps handle meal miaa water today. This 
4-stage, high-pressure unit in a large Western mine Is 
driven by 500 bp. motor, handles 750 gpm against 1750 it 

Fmr larger air-conditioning |oba, inalallatiens oi this sort 
are in order. Thia reirlgoratien unit eonsists of cempresoer. 

eendwiaer and cooler, each run by a 200 hp. motor. 



pected, tomparcd with 0 14 per ton obtained in Ana- 
tonda’s novel dew-point cooling plant at Butte, and 
0 37 to 0 52 in standard refrigeration plants at three 
mines in Brazil, Soiitli Africa, and Arizona, respectively 

Pumj} Installatiom 

Multi-stage centrifugal pumps today handle the 
bulk of the mine water that has to be lifted to surface 
Their thief new competition is coming from submersible 
turbine or deep-well pumps, especially for unwatering 
(82). Many mines have old, inefficient pumping lay¬ 
outs, the result of haphazard, unplanned growth Mod¬ 
ernizing the layout and the pumps would probably save 
the operator money Repairs and replacements would be 
facilitated by standardizing, so far as possible, on pumps 
of one design and few sizes. 

Cunent trends also include automatic instrumental 
control of power used in the plant to permit pumping 
on oS-peak power (83), as practiced by Wnght-Har- 
greaves, also automatic control of priming and other 
phases of pump operation Sump construction, tef facil¬ 
itate cleaning, is receiving attention. A gravity head on 
the pump insures against priming loss 

Drainage ditdies fill up Cleaning them has generally 
been a nuisance A ditch-cleaning machine recently in¬ 
troduced should prove a convenience It comprises a 
car that runs on the mine rails and carries the equip¬ 
ment for operating a scraper in a sloping trough at the 
side. The lower end of the trough fits in the ditch 

Ol>rji-Cul Mining 

The past decade has seen great changes in open<ut 
mining practice (34) This has centered on the adop¬ 
tion of heavy-duty trucks and belt conveyors, separately 
or in various combinations, to take the place of rail 
transport where conditions permit (55). Excavator lines, 
moreover, have been extended to include very large 
sizes. The size used, of course, must depend upon the 
job. 

New competition confronts the chum drills and wagon 
drills that have long been the standard means of break- 
ing ground ahead of the shovel or dragline A crawler- 
mounted piston-type air drill for drilluig 5 in and 
larger holes, just introduced, will drill the 5 in. size 

.ibout three times as fast as the churn drill Its first 
cost IS considerably more tlidii the latter machine 

Another competitor is fmwn-piening, a process of 
making a blast hole with a blowpipe that produces tem¬ 
peratures up to 4000 deg F by burning oxygen with a 
petroleum-base fuel, which carries a flux (36) With 
this process and equipment, both developed by Linde 
Air Products Co. holes b in in diameter and 30 ft deep 
have been drilled in haid rock at an average rate of 
to ft per hour, compared with I ft with churn drills 
'Ihe pressure in the hole ejects the rock in granulated 
form with the vapor and gases 

The si/e ol churn-drill holes has been increasing in 
an effort to raise blasting effiaency While most holes 
drilled have been 5 to 6 in in diameter or smaller, in 
recent years 9 in holes have become quite common 
For the larger hole a larger and heavier bit is used. 
Most recently, hole size has gone to 12 in 

Recent improvements in churn drills, aside from size, 
include built-in leveling jacks worked by valves from 
the operator's position, which save time in setting up; 
also a steel cab to make the drillman comfortable in bad 
weather 

Both honzonial and vertical auger-type drills, either 
tmck-niounted or self-prujzellcd, for holes 6 in and 
bigger, are proving increasingly useful, the former for 
toe holes in the bank Operation is helped by a new 
mechanical self-feed. 

Tungsten-carbide drill bits are being tried with wagon 
drills (9). 

Blasting ptactice, already excellent, shows few recent 
improvements. Short-penod delay detonators arc useful 
in lessening noise and vibration, and give better frag- 
mentauon A new blasting machine will get the same 
results. Shaped charges arc being tned in a western pit 
for breaking large fragments. 

Large Excamtors Larger 

Draglines up to 25 cu yd in bucket capacity have 
been introduced in the last two or three years (87). 
Most recently, a 16 cu yd machine has appeared. All 
others have buckets not exceeding 9 or 10 cu yd in 
size and usually smaller. These big machines ate oi the 



Heniental ougn drill putting a hoi* into tho bonk. Thu Up-te-dalo crowlor-meuntod. iull-toTOloing oloetrie ahovol 
boring machine u Mli-propolled. The earn* machine may with 5 cu. yd. dipper loadmg 20 cu. yd. end-dump truck, 

be had truck-mounted for greater mobUitr. Note ihovelman'i cab proieeting at one eide oi boom. 
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walking type which has a surer footing A trend to this 
type IS apparent. 

Shovels stick to dippers of moderate size Dippers of 
10 cu yd capacity arc used, but H/^ to 6 cu yd is custom¬ 
ary in handling iron and copper ores The smaller size 
IS better adapted to condiuons Nothing comparable to 
the big 35 and 40 cu yd coal strippen is used in the 
metal and non-metal industry. 

In building buckeu and dippers, alloy steels contain¬ 
ing manganese, nickel and other metals are finding 
greater use. 

Excavators currently are either electrically operated 
or diesel-driven, with occasionally some combination of 
the two. 

Automatic Controls 

As with mine hoisu, automatic controls figure im- 
porumly in operating the iKwer shovels and draglines, 
partieulariy in dte very large sizes. With electric oontrds. 

small forces are made lo control large ones, thus giv¬ 
ing a delicacy of control not otherwise had. This also re¬ 
sults in simpler control equipment 

Although wheel scrapers are not extensively used in 
mining work, they have possibilities Where conditions 
favor diem, stripping can be done more cheaply with 
them than with shovels and trucks Recently two new 
and faster models, having their own built-in power, have 
been introduced One will handle 17 S cu yd at 18 mph 
and die other 3 3 cu yd at 23 mph 

Open-Cut Haulage Prarltce 

Haulage and transport in open-cut mining are still 
done with railroad equipment, where the distance 
hauled is considerable, the daily tonnage is large, re¬ 
serves are big, and there is no uigent need for the ore 
in the track benches (38). Under such conditions, a 
minimum cost is obtained. Much steam equipment is 
still in service In opening a new large mine on the 
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step to sxirioMitoik 

Meubi today, thu type o( transport would still be con¬ 
sidered Where grades steepen, the diesel-electric locomo¬ 
tive offen advantages in lower operating and mainte¬ 

nance cost, greater availability, more traction. Straight 
etectric locomotives are also still in the picture. 

Despite the foregoing, heavy-duty trucks and con¬ 
veyors have taken over a good part of the work formerly 
done with rail equipment. They are to be considered 

for every job Some mines use trucks exclusively. Others 

keep the trucks in the pit bottom, delivering tte ore to 
a conveyor which lifts it out of the pit. For trucks thu 
is the bM practice. 

Most uucks in off-the-highway service are of IS ta Sfl 
ton capacity <34,35). The SO ton truck is increasing in 

numben. The largest truck that takes dto iitod "on iu 
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back" IS of 40 ton capacity. Trailer-type trucks and semi¬ 
trailer types are extensively used The types of bodies 
are varied The trailer load is more hauled than earned, 
takes less power The trailer also is cheaper to replace 

Trucks are largely diesel-powered In general, truck 
maintenance is proving a heavy task, where fleets are 
large 

Conveyors vs. Trucks 

The future will decide the extent to which the con¬ 
veyor will displace the truck It seems likely that trucks 

will be kept in the pit where the tonnage is consider¬ 
able The conveyor then will give cheap transport out 
of the pit, a task for which it is better suited Already 

there ate about 16 conveyor installations in the Iron 
Country alone (35) Improved bell constnicuon, more¬ 
over, IS greatly improving the (onveyor's ability to 

compete 

Shaft Sinking 

Holes 5 to 6 ft in diameter to depths as mudi as 2500 
ft are readily bored today with improved shot-dnlling 

technique and equipment (39) Holes of even larger 
diameter are talked of In mining work, such holes may 
be used for ventilation or may subsequently be enlarged 

by slabbing to serve as shafts A hole 48 m in diameter 

has also been made with churn drills Started at 12 in. 
It was reamed in steps to its present size, using hard- 
faced tools 

Boring a 6-11. diomolor holt MOO it. doop in Pont, using 
chiUod shot m slot mado by cutting tool. Driving appeora- 

lus and its operator follow tool down hols. 

tiill is Uw sMgo Ols 18-«riittdor. ISO-lw. suporcborgod diosol Is bsing tssisd on Iho Mssobi hnn 
Bongs of Mnnosoto. Fully loodsd it weighs M tons. 
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Exploration 

No pan of mining practice exhibits a greater degree 
of modernization than the work of exploring for new 

ore deposits and dnlling them when found This is 
doubtless due to the urgent need for new discovenes. 

All that saence and technology have to offer, as under¬ 
stood at present, is being used to promote such work 
The airplane facilitates travel to remote places With it, 

work in the bush has been eased to a degree once only 

imagined Regions of the north and in the tropics are 
being mapped accurately from the air by photogram- 
metry, revealing their topographic and geologic features 

With the airborne magnetometer, geophysical surveys 
such as this instrument is capable of are being made of 
large areas at unprecedented speed and cost (40) Im¬ 
provements m the use of other geophysical methods are 

promising Geochemistry (41) and spectroscopy are also 
being made to serve the mining industry 

In exploration drilling, core recovery has been in¬ 

creased by improving the design of core barrels (42). 
Holes can be more accurately surveyed nnth instruments 
now available They can be straightened or deflected as 

desired I'he practice of wedging off new holes from a 
subsurface point on one already drilled is an outgrowth 

of this technique It saves footage, facilitates cxplora- 

By all these means the outlcxik for exploiting and 

maintaining the world's supply of minerals has been 

much improved. 

Illushations for this chapter were obtained through 

the courtesy of Ingersoll-Rand Co., General Electric 
Co (British), Inland Steel Co., Etmeo Co., I.Mke 

Shore Engineering Co, Allis-Chalmers Mfg. Co., 
Weitinghouse Electric Corp, A E Dick Construc¬ 
tion Co, Union of South Africa Government In- 

formation Office, P & H Hamtschfeger Co., 
LaPlant-Choate Mfg Co, Euclid Road Ma¬ 

chinery Co. 
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CHAPTER XVIII 

INDUSTRIAL PACKAGING 

by A. C. Dolezal and C. J. Carney, Jr. 

War-born techniques and products have given tre¬ 

mendous impetus to the industrial packaging field 

Many improvements in old protective packaging meth¬ 

ods, plus the addition of new materials, now give in¬ 

creased product protection In many cases the merchan¬ 

dising appeal of manufactured goods has been height¬ 

ened by the new combination of scientific protection 

and eye appeal. 
Overshadowing and encompassing any of these fac¬ 

tors, however, is the most significant development which 

has yet come to pass in the industnal packaging field, 

namely, the rise of the Scientific Packaging approach, 

and, coupled with it, the rapid growth of the profession 

of package engineering (1, 2, S, 4) 

Sctenfiftt Product Protection 

For many years some of our leading commercial and 

industrial organizations have maintained staffs of special¬ 

ists whom they have classified as "Packaging Engineers" 

(5). In connection with their Packaging Divisions, many 
of tliese companies have established testing laboratories 

wherein package designs and materials have been sub¬ 

jected to certain standard tests designed to indicate the 

merit of a particular type of specification (6.7) Organ¬ 

izations like International Harvester, Sean Roebuck, 
Western Electric, General Electric, Eastman Kodak, 

General Motors, Anheuser-Busch, Montgomery Ward, 

Owens-Illinois Glass Company, to name a few, long ago 

recognized the value of a scientific approach to the solu¬ 

tion of their packaging problems 

Matol ports pockopsd la rsaiavabit sthylctUulosa het-mslt 
dip bseeiBS fanmimlaod ogofaut rust and elhsr damogs. 

'loday, in American industry, this tricntific approach 

IS more imporunt than ever before (8) The pressure 

of business acuvity is greater, competition is keener: 

production pniblcms, the intricacies of modern ware¬ 

housing and disiiibutiun aic more complex and result 
in greater hazards to all forms of packaged goods (9) 

nic packaging engineer, having in the early days per¬ 

formed his job well, has earned greater responsibilities 
Today his duucs occupy an imjiortant and pre-eminent 

place in the management pattern, 

Evtdemei of Paikagtng Importance 

The growth of the Industrial Packaging Engineers 

Assmiation bears witness to the important new place of 

scientific product protection Its membership has tripled 

during the recent jKistwar years Attendance at its An¬ 
nual Exjiosition and Forum Sessions continues to grow 

Just this jwst fall, 115 executives, representatives of 
American commerce and industry at large, journeyed to 

Detroit from all parts of the country to sit in as students 
in 1 P E A’s week-long Packaging and Material 

Handling Institute, which was conducted in cooperation 

with Detroit's Wayne University The railroads, truck 

lines, airlines, steamships, the great mercantile organiza¬ 

tions, the automotive industry, everyone is "on the 
bandwagon" for better packaging 

With this development of the scientific approach to 

packaging, the packaging engineer is often able to sug¬ 

gest dianges in manufacturing methods or in product de¬ 

sign which result in improvements m handhng technique. 

Ready for shipment and indefinite etotage, this pnduet 
has been sealed in a vapeipieei and transparent bog. 
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production speed, product perfection or other econ¬ 
omies, because design and specification of shipping con¬ 
tainers or other packaging are intimately related to or 

dependent upon the \ery nature of the item being 
transported or handled 

Other elements which have an important bearing on 
determination of ultimate package design and specifica¬ 
tion are the following. 

(a) Size of the article 

(b) Weight of the article 

(r) Fragility, perishability, inflammability, etc. 

(d) Monetary value 

(e) Handling and Transportation hazards 

(f) Promotional aspects 

The sire and weight of the article to be packaged are 
important considerations in determining the nature of 
the packaging material to be used Fragility, perishabil¬ 
ity or inflammability determine what will be required 
in the specification of cushioning materials (10). As a 
matter oi faa, penshability and inflammability, as well 
as fragility, frequently determine the mode of transpor 
tauon as well as container type, and all three elements 
have an important bearing in the determination of the 

diippmg labels which will be used 

Cleantng and Corrosion Prevention 
Prior to the war, cleaning and corrosion prevention 

treatment of metal objects particularly was little known 
or appreciated as packaging procedures (11). While not 
a primary packaging job, the cleaning of metal parts, 
for example, is the necessary requisite of a good pack¬ 
age, especially in export shipment where loss and dam¬ 

age of precision equipment or machinery, due to rust 
and corrosion, are most noticeable Since the war, how¬ 
ever, many manufacturers whose products are used en¬ 
tirely in the domestic market which may be ware¬ 
housed for long periods or subjected to conditions which 

are conducive to corrosion and rust, have turned to 
product cleaning and anti-corrosion treatment as the 
first basic step in a thorough and complete packaging 
job The methods most used are; 

(a) Alkaline spray. 

(b) Solvent wash or dip. 

The alkaline spray involves the use of chemicals which 
remove all types of contaminants, including fingerprints. 

TTie solvent method is generally the simplest. This 
method involves dipping or bathing the object in a 
solution which will remove dirt and certain other con¬ 
taminants, but it will not remove fingerprints. 

Recently some manufacturers have been using an 
emulsified deamng method which leaves a light pro¬ 

tective coating on the article. This coating affords tem¬ 
porary protection against corrosion, but it is not adapt¬ 

able to materials that are to be electroplated. 
In conjunction with this particular method, the use 

of grease-proof, non-corrosive or anti-tamish paper en¬ 

ables manufacturers to do a perfect pre-packqipg job. 
A wartime development, which combines jcettain 

properties of a deamng compound with the protecthm 
affmded by a complete ooveting of the prodoct, is eihjd, 
cellulose coating (Ik, Ik, 14),This. midhod dtpneiiflrv- 

ing arid padta^ng h eipecfaQy 



INDUSTRIAL PACKAGING 

]t consists essentially of dipping these parts in a tank 
of melted strip coating compound. The coating is 
formed around the metal part through the heat ab¬ 
sorptivity of the metal which, in turn, causes the plastic 
to solidify around the part Subsequent air cooling 
causes the plastic coating to set to a tough, waterproof, 
abrasion- and torrosion-resistant film 
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Nailed Wooden Boxes 
This oldest form of shipping container has been im¬ 

proved through application of new engineering meth¬ 
ods Weight and cubage have been reduced, while prod¬ 
uct protection has been increased Reductions m lumber 
thicknesses have been made possible by profier applica¬ 
tion of steel wire or strapping re-enfortements (ll, 16) 

In a talk before the Industrial Patkaging Engineers 
Association, Wayne University Patkaging and Material 
Handling Institute, Mr Wm H Sardo, }r, Secreury 
of the National Wooden Box Association, listed the 
following noteworthy achievements in the wooden rtin- 
tamcr field 

(a) Improvements in the construction of semi-naticd 
or IrKk-corncr lioxes through the use of war- 
developed, wiiter-rcstsiant adhesives 

(b) Development of wooden boxes and crates of so- 
called ‘nailless" type, which do nut require the 
use of nails in the assembling of the shook into 
a romplcted shipping unit 

(t) New types of box end construction which permits 
edge-grain nailing around the four edges without 
the attachment of cleats, thus affording the 
strength of clcaied construction with a minimum 
of cubic displacement 

(d) Development of lightweight wooden containers 
for the shipment of pre-packaged fruits and veg¬ 
etables 

(e) Use of plastic treatments for reusable wooden 
boxes, such as beer and soft drink cases and field 
picking crates, which resist rot and decay of the 
wood fibres and control the dimensional changes 
of the wooden parts 

Wirehovnd Boxes 
Wirebound boxes, which are containers manufactured 

from veneer stock, and which are re-enforced and bound 
togetlier with certain gauges of steel wire, have won 
wide acceptance in recent years Their chief benefits are 
that they combine light weight with great strength and 

shock-ptcKifing qualities Wirebound boxes can be en¬ 
gineered to a degree which makes them an extremely 
versatile container They combine elements of flexibil¬ 
ity and rigidity which can be emphasired in the con¬ 
tainer design to suit the choice of the packaging engi¬ 
neer. These boxes arc adaptable both to domestic and 
export use and can now be made to almost any shape 
or size (17. 18, 19). 

Fibreboard Boxes 
(Juite remarkable advances have been made in the 

fibreboard container field during the past nine years. 
The development of water-resistant, corrugated and 
solid fibreboard is perhaps the most important single 
advancement made in the industrial packaging field 
Of course, the stringent requirements of war-time fibre- 
board containers have been relaxed in keeping with 
peace-time needs. 

Corrugated fibreboard is improving in quality and, 
even now, is being manufactured to a bursting strength 
of from 500 to 800 pounds per square inch. The mer¬ 
chandising potential of fibreboard containers is being 
excited with increasing effectiveness. Judicious use of 
colored boards, together with' special care in color de- 
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sign and printing processes, is mnning increasing atten¬ 

tion because of its display value by fibreboard consumers 

(20, 21) 
Cushioning Materials 

The need for protecting many types of producu 

which may be easily broken has placed new emphasis 
on the requirements of special cushioning materials (22, 
23). Widely used at the present time are cellulose wad¬ 

dings, groundwood pads, macerated news blankets, and 

cotton wadding blankets. An old form of cushioning 

tnatenal, wood excelsior, is appearing in new garb in 
the form of sealed end pads, blankets, and tubes All 
of these forms and types of cushioning material have 
found a wider acceptance since the advent of trained 

packaging engineers who determine the speafic need 
for the qualities inherent in each form of cushioning 
material 

Non-Hygroscopic Tape 

Another development directly traceable to war-time 

needs is the development of a waterproof adhesive upe 
which is intended for use as a moisture-proof covering 
and for sealing openings in containers or parts (24, 25) 
This tape finds its principal applications in preventing 

salt or moisture air and other harmful elements from 
coming in conuct with metal parts. Another use for 

this tape it to fasten shipping suckers to metal objects, 

such as castings and forgings which are generally diffi¬ 

cult to identify. 

Plastic and Desiccant Plugs 

One of the simplest packaging devices developed dur¬ 
ing the war and now being successfully used in any 

product which can be sealed off to form its own pack- 
agii% unit is the plastic plug which contains a desiccant 

or drying agent, such as silica gel (26) The use of this 
plug keeps moisture from entering the unit Silica gel 
readily absorbs moisture which may accumulate within 

the sealed unit as a result of temperature changes 

Proteilive Covers 

Plastic films have been developed that are especially 
resistant to moisture penetration, temperature changes, 

and rough handling In addition, older types of paper 

over-wraps (27), shipping bags, etc, are now treated 
with various chemicals which make them water repellent 

and puncture resistant (28, 29) 

An outstanding development is a protective coating 

which can be applied by use of compressed air and spray 

gun This material is applicable to anything from a 
huge generator or tractor to the smallest of parts, such 
as a small ball or roller bearing (SO). Once packaged, 
they can be shipped any distance, or they can be stored 

indefinitely in the open, secure against rain, snow, mold, 

bacteria, etc In using this type of coating, a suitable 
desiccant or drying agent is sealed within the unit to 
absorb moisture which may occur through temperature 

changes The plastic coating does not adhere to the 

protected unit, and when necessary, may be peeled away 
in a few minutes 

The industrial packaging field has come a long way 
from the day when it was thought suffiaent to throw a 

few pieces of wood together in the form of a crude box 

This IS an age of specialization, and the development of 
speaalized techniques for the packaging of industrial 
products IS a comparatively new science (31, 32). Un¬ 

doubtedly, however, we have just scratched the surface, 

and many more interesting improvements will be an¬ 
nounced within the next few years (33, 34). 
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CHAPTER XIX 

PAPER AND PULP INDUSTRY 

by Ronald G. Macdonald 

A review of the pulp and paper industry reveab a 

steady expansion of production facilities to meet the 
increasing demands for paper and paper board producu 

European production dropped due to destruction of 
nulls during the war, but the expansion in the United 

States and Canada has now offset these losses in world 
production capacity The United States and Canada 
were responsible for some 55 per cent of world produc¬ 

tion of paper in 1937 but in 1946 this figure had in¬ 
creased to about 77 per cent United States paper pro¬ 
duction alone has more than doubled in the past 15 

years from about 9i/^ million tons in 1931 to over 19 
million tons in 1946 

While established uses for paper products have con¬ 

tinued to grow, many new applications have been de¬ 

veloped During the war, paper found itself a universal 
substitute While its uses were innumerable, one of the 
most pressing needs was for improved packages that 
could stand up to the rigors of overseas shipments for 

war This led to an integrated research program result 
ing in the production of V-boxes and other packaging 
improvements Although production of such matenals 

was cut back at the end of the war, the civilian demand 
has more than taken up the slack The increased re¬ 
quirements for nearly all types of paper and paperboard 

have been largely responsible for the expansion through¬ 
out all the paper produang sections of the country 

Closely linked with the physical expansion of the in¬ 
dustry IS the technological progress that has made pos¬ 
sible many advances All phases of the industry have 
participated in technological developments and profited 

from better quality products, higher efficiencies and 
greater producuon 

Technology and Research 

Fundamental chemical research hat been largely di¬ 

rected toward a better understanding of the chemical 

structure of the components of wood such at cellulose, 
lignin, etc Further utilization of chemical substances, 
now largely wasted, has been widely studied. Produc¬ 

tion of yeast, alcohol, vanillin, turpentine, tall oil, 
lignin plastic materials and bark products has become 

technologically and, in some cases, economically feasible. 

Most industrial research and development programs 
have been directed toward improving processes by new 

techniques at well as new and improved equipment 
Much of the'progress here hat paralleled developmenu 
in other industries. For intunce, the trend toward 
greater use of industrial measurement and control in¬ 
struments it notable. Other industries such u petitdcum 
and chemical pneemag have been leaders in instru¬ 
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mentation But in recent years the pulp and paper in¬ 
dustry has become increasingly aware of the advantages 
of instrumentation and many of the new installations 
are fully equipped with automatic controls 

In general, process and equipment improvements 
have taken place in all phases of operation and in all 

branches of the industry While these are too numerous 
to lie discussed in detail, the more important trends and 
developments will be outlined briefly 

Pulp Wood (1-11) 

One of nature’s most widespread and most easily 
available reservoirs, wood hat always been a major in¬ 
dustrial raw material Nevertheless, except in large scale 

encountered mainly on the West Coast, woods 
operations have, until recent years, remained rather prim¬ 
itive Pulpwood production methods had received little 

attention However, the conditions of war helped focus 
attenuon on this phase of the industry Motivated by 

the nationwide labor shortage which stripped the woods 
of men, mechanical power equipment took over many 
traditionally manual jobs Much of this equipment was 

available before 1941 and needed only the impetus of 
war conditions to foster lU widespread use. 

Power dnven saws became a miisl for effiaent woods 
operations Portable pulpwood mills with mechanical 
conveying and handling equipment have found increu- 

ing application, and in some instances have lowered 
production costs markedly Greater use of tractors, wood 
earners, truck loading equipment, self loading trucks, 
sulkies for wood skidding and similar logging equip¬ 

ment have helped woods operations attain an efficiency 
heretofore impossible. 

Davalepmant ei power driven saws end other nochoaical 



At logt poM through hydroube borkor, high-vtlocity 
wattr jtit itrip iht bark eltonly Itom Iho wood. 

Blaoch liquor moda hart (boaod on aodlum patoxido) ia 
uaad to blaach mlxluiaa oi groundwood and tul^iiia. 

High-danaity pulp ia conMnuoutly mixad with paioxida 
blaach liquor boforo going to iho biaaehing towar. 

y 

,\ iiKMt important development in mcreaaing yield* 
.iiid in decreasing waste ts the hydraulic barker Several 
West Coast mills participated in this development, 
which, beginning in 19SS, resulted in a log peeling de¬ 
vice now responsible for a tremendous reduction of 
wcHid waste and an appreciable saving of labor Based 
on the use of high-velocity water jets for stnpptng the 
wood of Its bark, some of these machines require water 
pressures up to nearly 1.500 lb per sq in Different 
types of log handling equipment are used, some of 
which can accommodate logs over SO ft long and up 
to 72 in in diameter While many of the units in use 
were engineered and built by the users, hydraulic barkers 
are commercially available in standard models from 
several cquipmeni manufacturers 

The hydraulic barker was made possible by develop¬ 
ment of water pressures sufficiently great to remove 
bark by this method Multistage pumps are available for 
delivering from 900 to 1,500 gal of water per minute 
at pressures up to 1,500 lb per sq in 

Improved high speed multi-knife chippers have largely 
supplanted the older types of machines in modem in¬ 
stallations to produce more uniform chips at a high 
rate Chippers with disks nearly 15 ft in diameter 
powered by 1,500 hp synchronous motors are now in 
use Higher quality steels have made possible better 
knives and svearing plates A new horizontal chipper is 
now being operated to produce chips of greater um 
forauty than heretofore possible 

Mechamcal Pulp (12-17) 

Production of groundwood pulp has seen several de¬ 
velopments that have added to us usefulness Greater 
(xonomy and quality have resulted from improved grind¬ 
ing equipment while wider usefulness has been brought 
about by the development of bleaching methods that 
have proved satisfactory for this kind of pulp Inherently 
lower in cost than chemical pulps, because of high 
yields, groundwood utilization is just coming into its 

Replacement of natural stone by artificial or manu¬ 
factured stone has been partly responsible for increas¬ 
ing the speeds and pressures of grinding operation*. 
Tlie Robert* grinder and the improved hydraulic maga¬ 
zine type grinders now in use have made possible new 
standards of efficiency and economy and, in new in¬ 
stallations, these improved type* of machine* are usually 
selected instead of the old multipocket grinders 

Waste reduction has been made possible by use of 
disk and other types of refiners to process groundwood 
tailings and screenings that would otherwise be dts- 
rarded or burned This treatment, bringing more com¬ 
plete utilization of material otherwise wasted, has been 
insirumenial in improving the overall efficiency of a 
number of plants. 

Perhaps the greatest advance in mechanical pulping 
IS in the development of practical methods of pr^uctng 
bleached groundwood pulp. Noteworthy is the peroxide 
process which has made possible the production of huge 
tonnages of paper with higher brightness and better 
printing qualities than paper containing ordinary 
groundwood pulp. Several mills have installed permdde 
bleaching systemt. 

Based on sodium peroxide, the process eonaisai ef 
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mixing bleaching liquor with slush pulp (at a con¬ 

sistency of 4-5 per cent) in controlled proportions, al¬ 
lowing the mixture to stand long enough for bleaching 

to take place and then neutralizing any excess peroxide 

Since the non-cellulosic constituents of the pulp are not 
removed by the peroxide treatment, there is little 
weight loss in this bleaching process 

Groundwood pulp, bleached by this process, retains 

Its desirable c harac teristics tor prcKluang papers of good 
bulk, high opacity, and good printing qualities, and 

to these are added improved color, brightness and bet¬ 
ter permanence It may be used to advantage in many 
of the papers that employ unbleached groundwcxid In 
addition, it is finding new uses in machine coated book 

and magazine papers Another development is the zinc 
hydrosulphite process for bleaching groundwood It is 
now in use by at least one manufacturer 

Most imjHirtant research is in the use of hardwoods 

to make mechanical pulp In many parts of die country 
s<jft wood forests arc badly depleted but laigc supplies 

of hardwood are available Ordinary grinding proce¬ 

dures result in complete mechanical breakdown of the 
fibci Steaming of the wood in autcKlaves at high pres¬ 
sure in the presence of different chemicals has been 

found to modify and soften the wood so that it can be 

successfully ground Commercial application of this type 
of process will probably take place in the near future 

Semi-chemical Pulp (18-20) 

In recent years scmi-chemical pulps have come into 

general use for producing insulating and other coarse 

boards High yields are obtained by giving the wood a 
partial cooking followed by chsintegration This type of 
pulp may result from processes using steam alone to 
the use of relatively strong chemical liquors, usually 

alkaline. Disintegration may be accomplished m a vari¬ 
ety of machines such as hammermills, grinders, Jordans 

and refiners Semi-chemical pulps are now successfully 

produced by a continuous process 
Semi-chemical pulps have the advantage of high 

yields and low chemical usage Lignin and hemicellu- 
lose are only partially removed and the pulps so pro¬ 

duced are usually of high strength but low color Since 
bleaching is difficult and expensive, this type of pulp 
will continue to be used in unbleached products 

Sulphite Pulp (21-32) 

Progress in sulphite pulping has resulted from a num¬ 
ber of technological developments New techniques, new 
types of equipment and modified processes have ap¬ 

peared during recent years in which practically all 

phases of this process have undergone improvements. 
Cooking acid manufacture has benefited from the 

development of new types of sulphur melten, bumen, 
and coolers. Improved melting and metering erf the feed 

to the sulphur burners together with better control of 

secondary air has led to more uniform burner gas. 
Pressure absorption of gas, adopuon of hot acid accumu¬ 
lators and acid storage under pressure have resulted in 

more uniform, highor strength cooking acid. Thii in 
turn impsoves cooking operations and the quality of 
pulp. 

Appluation of indirect heating and aad circulation 

IS becoming more common The production capacity 
of iiMiiy nulls 1ms been improved by packing the chips 

III the digester This is aided by the foricd circulation 

liquor system Increased produi tion rapacity per digester 

IS due to all these factors, namely increased and 
strength indirect heatiiig, forced circulation and chip 
packing In addition, blow heal and gas recovery has 

been practiced in some plants to achieve higher effi- 
iiencies Some 50 per rent of the total heat in the sul¬ 

phite ccHiking piocess may be thus recoverable Un¬ 

doubtedly, the greater use of automatic control instru¬ 
ments has contributed greatly to the advances made in 

this field 
New types of kiiotters and improved screens are find 

ing widespiead use 1 he Jonsson knotter has been in¬ 
stalled in many mills The new Cowan screen has in¬ 
creased screen rapacity and reduced decker loads Rub 
berimed or stainless steel vacuum filters are used for 

washing brown stock prior to the screens Various types 
of roirosion resistant metals are finding value in screen 

plates, vats, washers and other similar equipment. 
Ireatment of waste liquor has long been a problem 

of tlie sulphite process A number of utilization methods 
have been developed including production of yeast, 

vanillin, and ethyl alcohol Two new processes have 

been developed which seem to hold much promise for 
the future The magnesium base sulphite proceu has 
undergone extensive pilot plant tests and a full com¬ 
mercial plant will soon go into operation Here mag¬ 

nesium replaces calcium as the base for the cooking 

liquor wherein the waste black liquor is evaporated and 
burned in a manner similar to the sulphate (kraft) re¬ 
covery process Ash from the smelter consists mainly of 

magnesium oxide, which is made into a slurry for ab¬ 
sorbing sulphur dioxide to form the fresh cooking 
liquor High operating eflicienaes are claimed for this 

process whidi utilizes the energy value of the organic 

waste and recovers a large portion of the acuve chem¬ 
icals in the cooking liquor One of the most important 

features of this process is that it eliminates the problem 

of waste disposal 

Trcmaila pip* bc» gaia*d wid* aeesptcmc* in pulp and 
pap*r millK corroaien r**ialane* ia importanL 
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Another process now in commeraal operation U a 
modified sulphite system where the caldum base is re¬ 
placed by ammonia This is used to make dissolving 
pulps and is claimed to result in improved quality In 
one plant, considerable work has been done in develop¬ 
ing a system for burning the waste liquor but no recov- 
very of heat or chemicals is accomplished 

Sulphate (Kraft) Pulp (33-41) 

The trend in pulp and paper expansion is toward 
increasing application of the sulphate process Improve¬ 
ment in techniques of producing sulphate pulp has 

made it possible to uttlirc species of wood not success¬ 
fully treated by the sulphite process Probably the most 
important factor in this field is bleaching Abihty to 

bleach sulphate pulp has been instrumental in increas¬ 
ing Its usefulness in specialty papers of all kinds 

Multistage bleaching and washing with caustic ex¬ 
traction IS necessary to produce a product with sufii- 
aent brightness to be competitive with bleached sul¬ 
phite High density bleaching stages at consistenaes in 
the range of 12 to 20 per cent are now used for both 
sulphate and sulphite pulp While cost of bleaching 
sulphate is higher than for sulphite, this is laigely off¬ 
set by the lower cost of the unbleached sulphate over 
sulphite 

Both stauonary and rotary digesters are used for sul¬ 
phate New installations of both are underway. Carbon 
linings have been installed in a number of sulphate di¬ 
gesters in both southern and northern mills while ro- 
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tary digesters now under construction will have chro¬ 

mium alloy liners Stainless steel of various composi¬ 
tions IS finding increasing application in both aad and 

alkaline pulping process equipment Digester fittings, 
condenser tubes and headers, heaters, pumps and oilier 
similar equipment made of stainless steel are finding 
general acceptance 

New plants and many old ones have installed con¬ 

tinuous liquor making systems Continuous caustiuzing 
and clartfic.ntion of the liquor has done much to put 
liquor manufatture on a more efficient basis 

Rotary vacuum washers have pretty much replaced 

diffusers although a number of mills (espetially Scan¬ 

dinavian mills) still prefer them Ml new mills are 
built with modern washing and screening systems De¬ 
velopments in knoiters and screens have improved effi- 

Elaetromc raguloton pamil May ad)iitlmMil of th* draw 
or tanaion b«lw««ii MCtiemi of papot mochino. 

Aitoi lotnriag tho tunnol dtyos, nioiiluro eontont of tbo 
eoatod papor la automatically moaaurod and rocerdod. 

ciencies and cut down stork losses Better control of 

li(|uor recovery improves evaporator operation Multi¬ 
stage evaporators are designed to opciate under higher 

vacuum with a trend toward use of stainless steel tubes 
and stainless clad heaters in one or two stages at the 
strong liquor end of the system 

FAolutiun of the modern recovery furnace has gen¬ 

erally followed the developments in the steam boiler 
field High pressure steam at good efficiencies from re¬ 
covery furnaces has been the result of tins progress In 
many mills, a good perceniage of the steam load is 

carried bv recovery furnaces 
Electrostatic precipitators are widely used to prevent 

the loss of chemical dust from the recovery furnaces 

.mil have supplanted scrubber type units in many cases 
However, a new type of scrubber, operating on a pilot 
plant scale, is claimed to leducc salt cake losses to a 
new low 'I'liis unit (Pease-Anthony) consists of a high 
veloaty venturi tube with liquor spr.iys at the throat 
Waste gases pass at high velocity through the venturi 

to a cyclone scrubber and then to the stack Efficiencies 

of over 90 per cent soda recovery have been attained 
in pilot plant operation 

Soda Pulp 

Generally, the developments in soda pulp are sim¬ 
ilar to those of the sulphate process due to the fact 

that the two processes are closely related. Soda pulp 
production is relatively small, less than 5 per cent of 
total pulp turned out in this country, and technological 

changes arc not as rapid as in the sulphite or sulphate 
processes Nevertheless, modern soda mills compare 
favorably with those using other processes 

Paper Making (42-47) 

While paper making has undergone few basic 

changes, there have been a number of improvements 
Continuous stock preparation is of wide interest and 
there is a trend away from batch methods The old 

Hollander type beater, so widely and universally used 
in the past has given way to the modern refinen New 

dirt removal equipment and improved screens have 
raised the quality of pulp going onto this machine 

Various modifiiations of headbox and slice design, no¬ 
tably the higli pressure slice, have been partly respon¬ 
sible for increased machine speeds Progress in machine 
design IS apparent in tlic form of new wet end shakes, 
laiger table rolls, imjiiovcd suction boxes, suction couch 
and suction presses with rubber covered rolls These all 

contribute to greater producuon and improved oper¬ 
ating efficiencies 

Although paper machine drives have progressed far, 
many of the older mills still operate with the mechan¬ 
ical drives of 30 years ago Sectional electric drives and 

improved mechanical drives have moved in gradually 
during the past century and have done much to increaie 

speeds and improve production 
One of the most important trends in the book and 

magazine paper field is in the manufacture of machine 
oiated papers Although machine coaling is over 10 

yean old, the increased demand for more and better 
coated papen spurred this development until now a 
number of book and magazine paper mills have in- 
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si<illed or are planning to install this process Formerly, 
the (oating process was completely separated from paper 
making In machine coating, the sheet is formed and 

dried before passing directly through the coating rolls 
It then passes through a second section of dryers to be 

wound on the reel as finished coated stork Supercalen- 
denng has also been improved by use of better bear¬ 
ings and better constiucted rolls Supercalender speeds 

as high as 1,800 ft per min are now possible. 

Ihe trend toward greater speeds has also brought 
about improvements in drying Many new systems have 

been introduced to remove condensate from the dryers 
and to control the rate of drying Machine ventilation 
has been improsed by various new systems 

Deselopment of wet strength papers has resulted from 

the combined efforts of paper technologists and those 

of the resin producers In the late 19S0’s a process was 
evolved to produce wet strength paper by use of small 
quantities of resin which upon drying polymerize to 
impart wet strength to the paper Since then research 

has brought forth improved resins and improved meant 
of application until now wet strength papers are pro¬ 

duced in large quantities and have found wide ac¬ 
ceptance 

lUusiKitwns fat lint cliaptt’i lune tupplted 

Ihiouffh the tourlesy of Newton Fnllt Paper Co, 

SI Regts Papet Co, The Dou Co, Westinghouse 

Elechu Cotp, Johns-Manvillc Co, Worthington 

Pump Jr Machtneiy Curp. 
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CHAPTER XX 

PAINT, VARNISH AND LACQUER INDUSTRIES 

by G . G . Sward 

The saentific and industrial worlds recognize the 
basic importance of paint and varnish. Numerous uni- 

I'ersities are offering courses in paint and varnish 
chemistry Manufacturers are establishing or enlaiging 

research laboratories The American Society for Test¬ 
ing Materials came to this industry for its Edgar Mar- 

buig lecture for 1946. In this lecture, Mattiello (1) gave 
an excellent account of the role of paint and allied 
products as engineering materials More briefly, and in 
a less technical style. Kinsman reviewed the role of the 
chemist in the industry since 1915 (2) 

During the twenty-five years ending swth Mattiello’s 
lecture, drying oils retained their place as the basic raw 
material for paint, but the family of oils svas enlaiged 
by the addition of oitiaca, soybean, and dehydrated 

castor oils, oils modified by treatment svith phthalic or 

maleic acid, or modified by shifting double bonds to a 

conjugated position (isomerizing), fractionated oils; and 
re-eaten lied oils (esters of fatty aads and pentaerythritol 
and sorbitol). 

In the same period, synthetic resins assumed the lead 
over natural resins Glycerol and pentaerythritol eaten 
now account for most of the rosin used in the industry. 
Phenolic, alkyd, urea and melamine resins, and cellulosic 

lacquers have become commonplace Technologists are 
becoming familiar with speaalties, such as vinyl resin, 
chlorinated rubber and butadiene polymers 

Titanium dioxide, available only in the form of a 

composite pigment twenty-five yean ago, is now the 

dominant white pigment It comes in two crystal forms, 
anatase and ruule Other pigments, bom or matured in 
this period, are zinc yellow, phthalocyanine blue, alkali- 
resistant iron blue, translucent non oxide, ferrous am¬ 
monium phosphate, phosphotungstomolybdate toners, 

lead aluminate, lead silicate. 

Improvement in House Paint 

On account of wartime shortages of drying oils, an 
important principle of exterior paint composition was 

put into wide practice. It had long been known that 
paina containing bodied oil gave smoother films and 

had longer useful life This knowledge prepared the 
way for WPB Order M'SS2 in 194S, that limiu the 
amount of oil in one gallon of exterior paint to not over 

S94 pounds. The vehicle conforming to this order was 
known as linseed replacement oil (3) and contained ap 

proximately 1 part raw linseed oil, 1 part bodied (Z2 
to Z4) linseed oil and 1 part thinner. The order was 

revoked as of August 31, 1945 However, so satisfactory 
was this vehicle that many paint manufacturers may 

continue to use substantial proportions of bodied ml in 

exterior paint (4, fi). 

Lower view of coaler oil dehydroHea lasloUatlea, ualBg Ugh 
vacuum and temperature le change aseleeular alruelure. 

New Drying Oil Derivatives 

Economic and political conditions give no assurance 
that an adequate supply of linseed oil will continue to 

be available Steps to improve the supply are centered 
mainly on utilizing soybean oil and many physical and 
chemical processes for shortening its drying time in 
varnishes are now in use or proposed (6). These in- 

dude extraction of the non-d^ng portions of bodied 
oils; solvent fracoonation of raw oils, using furfural, and 

propane; fractional distillation of fatty acids fallowed 
by estenficabon; esterification with higher alcohob; sub- 

sutution of fatty adds with resinifytng groups, modifica¬ 
tion of the fatty aad; copolymerization with reactive 
monomers; and isomerization of isolated double bonds 
to a conjugated position An effective catalyst for isomer¬ 

ization is nickel deposited on carbon (7). Isomerized 

soybean and linseed oils body faster in the varnish 
kettle, dry faster and have better alkali resistance than 

alkali refined oils (8). 

Drying Oil Studies 

Advances are not limited to practical uses of drying 

oils since researdiers have given substantial portions of 

299 
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their time to theory Chromatographic method* of lepa* 
rating fatty acid* or their methyl e*ters into variou* 

type* are an important aid to research in drying ml*. 
A special silica separates the branched from unbranched, 

and saturated from unsaturated types. Following their 
separation, activated carbon separates eadi group ac¬ 
cording to molecular weight (9) 

On the auumption (a) that hnoleic and linolenic 

acids react with equal ease and (b) that the add* are 
randomly distributed among the glycerides, the iodine 

numbers of thermally polymerized linseed, tung, and 
soybean oils indicate that polymerization is a second 

order reaction (10). Other data, however, indicate that 

polymerization of vegetable oils, espedally at relatively 
low temperatures, proceed* according to the degree of 
unsaturation of the oils; that is, the most highly un¬ 
saturated molecule* polymerize fint. Dimers, trimen, etc 

form in sequence. The polymerized oil an be separated 
into fraction* by means of solvents, such as acetone, to 

yield non-drying and drying fracuons (11) 
When methyl esten of tung acids or fish aad* are 

copolymenzed with those of soya add* or stearic aad, 

the amount of polymer is greater than accounted for by 
separate polymenzauon (12) When two fatty add 

groups of linseed oil polymerize, they form 6-arbon 
atom rings that take on aromatic properties as a result 

of further shifu in double bonds (IS). Catalysn of 
polymerization probably function by conjugaung the 

double bonds (14) Double bonds enable oil molecules 
to polymerize, but having reached a ceruin size, the 

polymer becomes immobile. Oxygen then split* the 

molecule at remaining double bonds. To obtain durable 
films It is necessary to have fast-drying esters of un- 
saturated acids with a small number of double bonds, 
and to establish drying conditions that use up the 
double bonds (15). 

Recent theories regarding the mechanism of oxidation 
of double bond* postulate the existence of active hydro¬ 

gen in the -CH, group between double bonds in the 
grouping -CH:CH.CH,.CH:CH-. This theory ha* 

received additional support (16,17). When linseed oil ii 
air-blown, it show* a steady change in properties. On the 
other hand the changes in urdine oil fluctuate in the 
early part of the blowing (18), becoming steady in the 

later stages, and indiate stepwise the oxidation of the 
5-double bond adds. A new characteristic for following 
the oxidation of linseed oil it ailed the Aluminum 

Number (19). It is the amount of aluminum isobutyrate 
that reacts with the a-ketolet and -diketonet present in 

one gram of oxidized oil. 

Synthetic Resms and Filmogens 

Use of styrene and vinyl polymers it expanding 

rapidly Copolymen of styrene and drying oils (20) are 
neutral, have good color, do not wet pigments very well, 

but suspend them excellently. They have good water 
resistance and electrical properties Vinyl resin disper¬ 

sions in volatile organic liquids and in platticizen are 
now available for the formulator (21) Dispersion in 
volatile liquids offers the same rapid drying as aqueous 
dispenions but with somewhat easier manufacture and 

control over properties On the other hand, synthebc 
rubber of the perbunan type, buna-S and butyl rubber 

have been found to possets no advantages over other 
filmogens now in use (22) 

Flexibility of formulations may be greatly extended 

by recent studies of aqueous dispersions (25) Directions 
for making paints from Acrysol, Geon and Saran dis- 
peraons include suggestions for types of emulsifien, 
plasticizers and pigments. Adhesion to rough surfaces is 

excellent but special techniques are necessary to obtain 

adhesion to smooth surfaces, such as glass 
Hard, fast-drying resins of low and number result 

when a glycerol-amine replaces a part of the glycerol in 

the preparation of alkyd resins (24). A method for pre- 
panng dibasic aads for polyamides is to add a amaU 
amount of water to the fatty acids and polymerize them 

under pressure. The process also separates linoleic from 
oleic acid (25). 

By correlating the add value and viscosity of alkyd 
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reuna at their gel point, it is now possible to predict 

the approximate acid value (-|-S) of the finished renn 
(26), This procedure should be of great value to the 
industrial formulator of resins To supplement the 
supply of naphthalene used in making phthalic an¬ 

hydride, producers are making use of ortho-xylene as a 
raw material (27) 

Knowledge of allyl starch has been extended Films 
shrink during drying and develop numerous fine cracks. 
Suitably plasticired films do not shrink Lacquers with 
50 per cent solids are practical and may be adjusted for 
spray or brush application. They are heat reactive but 
will cure at room temperature, if catalyzed with cobalt 

naphthenate Allyl starch lacquers develop high re¬ 
sistance to abrasion but retain good cold check resisunce 
if suitable plasticizers have been used The allyl group 

has also been used to modify rosin esters (28) The 
modified resins are suitable for use in cellulose nitrate 
lacquers, and in oleoresinous \armsh 

Cellulose nitrate lacquers now constitute about 30 per 
cent of industrial finises Developments that may in¬ 

crease this percentage are high solids-, hot application-, 
and fire retardant-lacquers (29). Plasticizers for cellulose 

nitrate have few secrets since the appearance of a com¬ 

prehensive study of the Chicago Production Club (90) 
Not only are the usual characteristics such as speafic 
gravity, boiling point, flash point, acid number, etc, 
given, but many others, such as their effects on electncal 
properties, color, and ultraviolet transmission of the 
films were deteimined Additional data on formulation 

of tellulosic lacquers shows that the long oil alkyds re¬ 
quire less plasticizers, have lower initial gloss, but take 
a higher polish (31) 

Extremely thick one<oat films can be obtained by the 
gel technique (32) The lacquer for this is fluid at about 

120 deg. F but Kts to a gel at room temperature, with¬ 
out sagging or running The base of such lacquers is 
cellulose aceto-butyrate or aceto-propionate Adhesion is 
not particularly good but shrinkage during drying 
tightens the film over articles that are coated on all 

Aeeurcrtaly weighing liquid ingredients in preparation ier 
leading ei roller mills in the monufaelure ei painis. 

sides An extension of this idea is melt coatings in which 

no solvent is used (93) Cellulose acetate-butyrate of high 
butyryl content (over 47) is the base of this product. 

Progress is being made in adapting silicones to paints 

and varmshes (34) Their greatest use is in electrical 
insulation and in heat resistant coatings. Silicone and 
alkyd-silicones have remarkable resistance to many dilute 
acids and alkalis The alkyd-silicones are made by 

condensation and have excellent balance of hardness, 
toughness and adhesion Baking gives the best results. 
Pigmentation techniques are being mvesugated (35, 36). 

Driers 

A thorough study of dnen has allowed some rules of 
drier action to be drawn (37) In the trivalent state 
manganese and cobalt accelerate drying more than in 

the bivalent state The catalytic power of chromium, 
iron, cobalt, manganese and nickel depends on reduci- 
bility from the trivalent state, which increases in the 
order named It also depends on the proportion of the 
meul present in the trivalent state which decreases in 
the same order From the product of the two factors 
the catalytic power increases from chromium to cobalt 
and then decreases to nickel Reactions among peroxides 

and the trivalent and bivalent states of the metals be¬ 
come very complex, and may reduce drying rates. Drying 
rates of cobalt and of manganese, under certain condi¬ 

tions, are proportional to the square root of the con¬ 
centration Preliminary data (38) indicate that octemte 
dners are equal to or better than naphthenate in clear 
vehicles, slightly superior in white products and slightly 
inferior in black products. 

/Antioxidants and Antiskmners 

Delaying the antioxidant effect of phenolic compounds 

in oil base paints by introducing the phenols in the 

form of the metal phenolates was suggested in 1932 
(39) Accelerated weathering tests now show that the 
idea may be practical (40). Twenty-eight compounds 
have been examined (some for the first time) for their 

Daralepmant of b*w rMia-basad prelaetiv* eecrtlBga 
starts with sxpsiimsBtal batches in the flask stage. 
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antukinning effect (41) Some of them were effective 
without appreciably interfering with the drying ume of 
the vami^. 

Antifoulmg Paint 

Hot plastic antifoulmg paint (42) enables ships to 

remain at sea upwards of 18 months These paints in¬ 
corporate the discovery that the toxic (cuprous oxide) 
must be leached at the rate of 10 micrograms per sq 

cm per day in order to prevent fouling (43. 44). If the 
pigment volume is below 30 per cent, the binder must 
gradually dissolve in order to expose more toxic In 1943 
the U S Navy standardized on hot plastic antifoulmg 

paint, but has not yet made public its formula. These 

hot plastic paints are too heavy for the hulls of flying 
boats, for which .i special paint was provided (45) A 
large percentage of mercurous chloride is used to impart 
satisfactory antifoulmg properties 

Anticorrosive Paint 

Important findings of the Corrosion Committee spon¬ 
sored jointly by the American Iron and Steel Institute 

and British Iron and Steel Research Association are now 

appearing This committee has been conducting field 
tests in many parts of the world on several types of iron 
and steel, unprotected and protected, with metallic 
coatings and paint Recommendations for protection of 

various types of steelwork have been made (46) A 
report of the Marine Corrosion Sub-Committee confirms 
and enlaiges earlier reports (47, 48) 

Multipigment paints arc superior to single pigment 
or two pigment paints for general marine conditions 

Paints with 3 or more pigments are superior to those 
made with 1 or 2 pigments A paint for general use is 
made with basic lead sulfate, basic lead carbonate, 
Burntisland red and barytes, modified phenol-formalde¬ 

hyde resin and litho oil In three series of tests, 275 
paints were tested In the United States, experiments 
show (he (49) superiority of multi-pigmcnt pairtts con¬ 

taining red lead over those containing no red lead, such 

as Navy Specification 52-P-18 
A metal pretreatment developed for the U S Navy 

during the war consists of polyvinyl butyral, and phos¬ 
phoric acid, dissolved in alcohol It dries to a hard tough 
film but is not to be looked upon as a replacement for 
the primer (50) U S Navy experience ^ows that on 

rusty surfaces, linseed oil vehicles give better service than 
alkyds, probably because the oil wets the rust moK 
readily (51). When time does not allow an oil paint to 
dry thoroughly, priming the rusty iron with linseed oil 
and wiping off the excess gives increased durability On 

the other hand, the war-time alkyd painu of the Navy 
gave the expected service when they were applied to 

properly cleaned metal Film thickness is an Important 

factor in the service given by paint on meul, esjsedaUy 
ships. For example. Navy experience wat that 4-ooat 
systems of primer and top coat gave resulu superior 
to any 2-coat systems. The 4-coat systems ssere 5 to 6 
mils thick. Thicker films were not necessary- 

Fire-Retard^ant Paint 

F.xcessively thick coats of paint in the holds of battle- 

diips constitute a fire hata^ when subjected to heat 

from burning magazines On the other hand, coats of 
normal thickness present no hazard, either on steel, 
plaster or wood However, in some cases, it is desirable 
to have a paint that insulates combustible structures 
from flame for a considerable time Studies indicate 
that compositions containing substantial amounts of 

phospate (52) or chlorinated paraffin (53) rank high 
in tins property I.,aboTatory tesung of fire-retardant 

paint has always required tremendous numbers of hard- 
to-^t wood panels The New York Production Club has 
devised a test that uses small panels and agrees very 

well with the modified Schlyter test 

Painting Southern Yellow Pine 

Satisfactory painting of southern yellow pine is still 
unsolved The problem is being studied in a broad way 
at the Georgia School of Technology (54). This program 
lays special emphasis on two-coat paint systems and in¬ 

cludes several commercial two-coat and three-coat sys¬ 
tems for comparison. In one series of primers, various 
ratios of zinc-sulfide, leaded-zinc-oxtde extenders were 
used, in another, various ratios of titanium pigments 

and basic carbonate white lead extenders were used, 
in still other senes various vehicles were used, mainly 

with 40 parts titanium-vamim, 40 parts basic carbonate 
white lead, 10 parts diatomaceous silica and 10 parts 

asbestine The same lop coat was used throughout In 

general, two-coat systems were only slightly, or not at all 
infenor, to three-coat systems Reasonable vanations in 
type or content of pigment appears to have little in¬ 

fluence on the results. Low varnish or bodied oil content 

seemed to be as effective as higher content Varnishes 
made with tung oil and dehydrated castor oil were 
superior to other oils About 275 primers were applied 
to four panels each. 

This subject was further pursued in a round-table dis¬ 

cussion (55) at a meeting of the Southern Paint and 
Varnish Production Club The solution of this problem 
IS important, because approximately 66 per cent of our 

total softwood lumber supply includes southern yellow 
pine and Douglas fir It appears that further progress 
may come from wood treatment and changes in binders 
rather than from pigment formulations 

Miscellaneous Coatings 

Mercury compounds have not been used for their 

fungicidal properties in paints that are used where food 
IS processed, because of possible haimful effects to 

humans. It it now reported that rabbits were not harmed 
by eating enamels that contained phenyl mercuric 
naphthenate (56) In a very comprehensive study, the 
fungicidal activity of 555 organic compounds belonging 
to 15 classes were evaluated (57). The activity of jriunols 

and oigano-mercurial was confirmed. In some cases, 

tteric hindrance reduced activities of groups that have 
marked activities otherwise. 

It wasn’t long after the development of ODT that 
formulators began to ctmsider its use in paint. Aldiou^ 

tesu demonstrated that this method of appljang an 
insecticide works, the efficiency it low, because ^ peater 
portion of the insecticide is not avtOaUe. The effective¬ 

ness of insecticidal patntt inuK be tested UoJogfcallf and 

with esttteme am (fifi). 
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In the selection ol extender pigments, the formulator 
must be guided by properties, such as wettability, particle 
size, and reactivity Wet ground calcites have been com 
pared with several other types of extender pigments, 
including other calcium carbonates to show that they 

fulfill all extender pigment requirements for interior 
architectural paints (59) Extremely fine precipitated 
calcium carbonate is said to reduce the amount of hiding 
pigments needed in paint (60) 

A new property, saturation value, is suggested as a 
useful ttxil in formulating paints (61) This is a func¬ 
tion of the volume of pigment, total volume of binder 
in the paint, and volume of binder required to saturate 
the pigment Saturation value is closely related to 
enamel hold out, gloss and wet abrasion resistance 

Moisture Impetmeable Coalings 

For atmospheric conditions exisung in homes, the 
moisture permeability of the coating should nut exceed 
1 25 grains per sq ft per in of mercury pressure dif¬ 
ference In many other plates, such as vegetable storage 

warehouses, very high humidity is necessary (62) Prac¬ 
tical tests indicate that two-coat and threc-coat systems 
are aiailahlc for these extreme conditions Most of the 
lop coats in these tests contained some type of asphalt 

Although many studies of water-permeability of 6Inis 
may be found in the literature, only one of these has 
recorded any measurements on rosin Films of rosin and 
metallic rosinates are buttle, but tan be handled if de¬ 
posited on thin paper (65) The electromagnetic micro- 
balance designed by Stock can be used to measure the 
moisture (64) that passes through the hlms The effect 
of temperature on the diffusion process was derived 
mathematically (6.5) 

Coatings for closures perform erratically over dif¬ 
ferent metals unless a size coat is first applied to the 
metal The choice of size depends on both the top coat 
and the metal How to get about formulating the 
closures is shown by several examples (66) 

Ready-mixed aluminum paint may be expected to 
displace the double container type to a great extent as 
a result of recent work (67) The most important pre¬ 
caution in maintaining the leafing is to keep the mois¬ 
ture content low,—under 0 1 per cent Excess water not 
only destroys leafing but also reacts with the aluminum 
to form hydrogen gas Lead and manganese driers must 
be avoided, cobalt in the form of naphthenates, octoates. 
or the like should be employed Increasing the speafic 
gravity of the vehicle increases the leafing of the alu¬ 
minum, while increasing the viscosity decreases the 
leafing. Thus, the greatest leafing is obtained with 
vehicles of high specific gravity and low viscosity (68) 

Two new types of bloom are held to result from 
swelbng characteristia of the film and the exudation of 
liquid materials from the gelled portion (55) 

Bronzing of paints has been an elusive phenomenon 
but has now been run down—and measured with a 
spectrophotometer (56). One type arises from selective 
retecunoe at an interface; another, irmn selective inter¬ 

ference of light reflected from neighboring structures 
The hue of interface bronze remains fairly constant at 

different angles of view, that of interference bronze 

vanes widely 

Manufacluiing 

'ihis industry intends to keep up-to-date in its proc¬ 

esses and factory layout There is some indication that 
set kettles arc more economical than portable ones for 
bodying oils and cooking alkyd varnishes (69) How¬ 
ever, the small portable kettle is still necessary and is 
now available with many improvements Modern types 
have all the gadgets of the large set kettles A Dowtherm 
kettle proMded with an integral electnc heating unit 
has been investigated (70) One modern varnish plant 
(71) features ease of expanding production and con¬ 
venient handling of materials An experimental model 
of a new colloid mill has been tested (72) Photographs 
of glass-end ball mills in operation sliow why the best 
speed is about 60 per cent of the critical At higher 

speeds the balls “open out" (7S) and efficiency is lost. A 
new filter, known as the Forrest, appears to be very 
efficient (74) On certain types of enamels it has a ca¬ 
pacity of over 1,000 gallons per hour. 

Physical Testing 

'I he well-known test for livcring tendencies of vehicles 
that use nnc oxide as the reagent is shown to be un¬ 
reliable (75) when other pigments are to be used in the 
S'chicle Many technologists use the Hegman Cage to 
determine fineness of grind, but only recently has a 
cooperative study demonstrated its value (76) Longer 

channels and a knife edge scraper are recommended to 
impiovc the operation of the gage (77, 78) 

A black and w'hite chart with a gray scale on each is 

Plant for tha aolvant iroctionalion of drying and aomi- 
dtymg oila uaad in tha paint and vamiah induatriaa. 
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proposed .is a design for a hiding power chart (79) 
In another scheme for determining hiding power, the 

paint IS applied lo clear glass panels in different thick¬ 
nesses The reflectances of the films over a black back¬ 
ground or white background (depending on color of 

paint) are measured and the curves relating weight of 
paint to reflectance are plotted (80) To faalitate gloss 
measurements, standards for the low and medium range 
are recommended Also recommended are some changes 

in the aperture spread (81) 

Determination of drying time continues to challenge 
the ingenuity of the technologists A proposed method 
for "dust free” time deposits a fixed amount of flock 

on the film at frequent intervals (82) Correlation with 

finger touch method is poor 

Magnetic devices for measuring the thickness of films 
on iron have been in use for several yean. Since alu¬ 

minum IS not magnetic, these devices are not suitable 
for films on it But by inductance measurements, the 
thickness of films on the light metals can be measured 

(83). 
In a new abrasion tester (84), the test pieces are 

fastened to an endless belt Each piece in turn is brought 
into contact with a moving stnp of sandpaper, so that 

new abrading surface is continually being used. 

The routine laboratory determination of permeability 
has been speeded up by a new apparatus (85), that 

enables the weighing of the permeability cups without 
removal from the humidity chamber in which they are 
stored. 

Immersing small pieces of metals in an aqueous sus¬ 
pension of a pigment has been one of the preliminary 

tests for rust-inhabitive properties. The hydrogen po¬ 
tential of a paint film measured against a calomel cell 
reveals the tendency of painted metal to corrode long 

before any corrosion is visible A negative potential 

indicates that corrosion is going on (86). Electrical 
resistance may also be used to indicate anticoitouve 
properties of a film (87) Good protection is obuined 
at resistance greater than log R = 8, poor protecuon at 
resistance less than log R = 6. 

During the war the salt spray test was considered an 
important one for evaluating continuity of the films. 
However, distilled water forms blisters more rapidly 

than salt solution (88), because the osmotic pressure 
of salt solutions is higher than that of water absorbed 

by the film. An extensive symposium on immersion 
testing (89) considered such variables as type of steel, 
method of cleaning, criterion of cleanness, and edge 

protection Immenion tests have limited value because 
protection by the film decreases after a cenain period 
(90). A relation between swelhng of linseed stand oil 

films and their durability could not be established 

Individual operators are usually able to check them¬ 
selves in oil absorption determinations but agreement 
between operators it another story. Agreement can be 

improved by several simple precauuons (91). 
The electron microscope came into wide use for many 

applications during the war. The technique of prepar¬ 
ing samples of pigmenu and the limiutions in inter¬ 
preting the dau have been outlined for the benefit of 

Chrmtcal Analysis 

A few advances in analytical methods have been made. 
The Karl Fischer method tor water is adaptable for 

paints, except those containing zinc oxide (93). New 
recommendations for determining moisture in pigments 
feature drying under vacuum and over phosphorus 
pentoxide (94) at room temperature with and without 
previous heating. Higher but reproducible results are 
claimed 

Chromium may be delected by a microchemical color¬ 
imetric test using strychnine in concentrated sulfuric 
acid (95) A purple violet color changing to red indi¬ 

cates chromate A colorimetric method for red lead works 
in the presence of all other known pigments (96) The 
determination of aluminum in aluminum pigment by its 
reducing action of ferric sulfate in a sulfuric acid solu- 
uon (97) has been made practical If the oiganic matter 

of pamu that contain mercury is destroyed by a mixture 
of fuming sulfuric and red fuming nitric acids, the 
thiocyanate method of titrating mercury can be used 

(98). 
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If only 01 to 0 15 gram sample is taken, only 10 to 
no minutes of heating is needed for determination of the 
solids in resin solutions (09) Ihe determination of the 
saponification value of natural waxes is made easier if 
an equal volume of rarbitol is added to the alcoholic 
{xitassium hydroxide in the reaction flask (100). And a 
more adequate procedure for hexabromide is suggested 
(101) 

Committee D-l of the American Society for Testing 
Materials continues to grind out new and revised 
specifications and methods of test At the annual meet¬ 
ing fifteen subcommittees made recommendations affect¬ 
ing 26 standards and methcxls (102) A survey of 
methods for testing resins will be useful to those who 
are working in this held (103) 

Eletlioslalu Spraying and Drirartng 

An electrostatic field has been uuii/ed in the finish¬ 
ing industry in two ways In one, a high electrostatic 
charge is applied to the article being uiated. The spray 
coming into the field has the opposite charge and is 
attracted to the article and deposited on it in a remark¬ 
ably unilorm thickness, on the far side as well as on 
the near side In the second application, articles that 
have been coated by dipping arc brought into an electro¬ 
static held whiclt attracts and removes the tears and 
fatty edges Ihe fire harard connected with these proc¬ 
esses IS the possibility of electrical dischaige in a spray 
bcxith where explosive vapors may be present Recom¬ 
mendations lor installations using electrostatic coating 
have been made by the NFPA (104) 

Natural Hrsins 

Interest in natural resins is not wholly dormant Re¬ 
search at die American Gum lm|>orters Association had 
to be given up during the war, but other organizations 
have carried on to some extent This resulted in a 
Heated Congo resin (treatment not disclosed) that may 
be used for spirit varnishes whose prtiperties are inter¬ 
mediate between those made with hard Manila resin 
and those made with shellac (105) It may also be used 
as a reactive ingredient of alkyd resins Some efforts to 
improve the usefulness of lac were not successful The 
adliesion of ammoniacal solutions of lac could not be 
increased by addition of methyl cellulose or carboxyl 
methyl cellulose (106). Neither were attempts to esterify 
the 5-hydroxyl groups of lac with fatty acids any more 
successful Dehydnixylation occurs and waxy products 
of no special merit for paints result (107) 

Offue of Teihnual ,S>n/ir« 

Several papers review die wartime experiences in 
painting (lOB, 109, 110) This review would not be 
complete without reference to collection of the reports 
ol German industrial data collected by the scientific 
investigators after World War II. The Bibliography of 
Scientific and Industrial Reports contains abstracts of 
these repdrts. Besides the one dealing with Europe, the 
Bibliography contains many reports made by the United 
States Government Agencies and private umcems con- 
ducung research for the Government. I'hc reports in the 
form of microfilm or photoprint may be obtained from 
Office of Technical Services, U S Department of Com¬ 
merce, Washington 25, D C. 
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BaHary of modam inra-roU milla epanrta continuouily 
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Illustrations for this chapter were obtained 

through the courtesy of M. W. Kellogg Co, Woburn 

Chemical Carp, E. 1. du Pont de Nemours ir Co, 

The Arco Co, National Paint, Varnish and Lacijuer 

Association, Bureau of Aeronautics (U. S. Navy), 

American Instrument Co, Brighton Copper Works, 

Inc, American Iron and Steel Institute. 
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A few selected reports are listed below 

Acker, H L, Investigation of German Aircraft Protective 
Coatings, Report PB 800P, 1946, and PB 22831, 1946 

Bakelite Corporation, Studies of Anticorrosive and Anti- 
fouling Coating Systems for Ship Bottoms, PB Report 
31968, 1946 

Borrows, W L, et al, Manufacture of Antifouling Paints in 
Germany and Related Matters, PB Report 76882, 1946 

DeBell, J M, W C Goggin, and W E Gloor, The German 
Plastic Industry, PB Report 12467. Published also by 
DeBell and Richardson, P 0 Box 240, Springfield, Mass 

Farr, Henry C, Glossary of Some German Names for 
Chemical Products used in the Paint, Varnish and 
Lacquer Industry, PB Report 11202, 1946 

Farr, Henry C., The Paint, Varnish and Lacquer Industry in 
Germany. PB Report 15168, 1946 

Jackson, Charles M, Organic Protective Coatings, PB Re¬ 
port 6642, 1946 

Jackson, Charles M , Organic Protective Coatings Report 
of a Survey of German Firms and Personalities Con¬ 
cerned with Equipment used in Testing and Manufacture, 
PB Report 8275, 1946 

banning, H J, et al , Manufacture of Faint Driers and 
Other Metallic Soaps in Germany, PB Report 75886, 1947 

Love, Charles H, German Production of Some of the More 
Important Inorganic Pigments, PB Report 40350, 1946 

Martin, S R W , et al, Investigation of Synthetic Resins 
Used in Geiman Surface Coating Industry, Report PB A 
52858, 1946 

Palmer, G, et al., German Aircraft Paints, PB Report 81251, 

heverai important books have appeared during the 

pcricKl under survey 
Gardner, H. A, and G G Sward, Physical and Chemieal 

Examination of Paint, Varnishes, Lacquers and Colors, 
10th edition, 1946, Henry A Gardner Laboratory, 4728 
Elm Street, Bethesda 14, Maryland 

John, W D, Modern Polishes and Bpeclaltles, 1947, Chem¬ 
ical Publishing Company, Brooklyn. New York 

Knapps, Nelson S, Adventures in Man's First Plastic, 1947, 
Reinhold Publishing Corp, New York, N Y 

Hurkley, Klare S, Fatty Acids, 1947, Interscience Publishers, 
Inc. New York. N Y 

Mattiello, J J , editor. Protective and Decorative Coatings, 
Vol. V., Analysis and Testing Methods, 1946, John Wiley 
& Sons, Inc, New York, N Y 

Michelman. Joseph, Violin Varnish, 1946, Joseph Michelman, 
Cincinnati, Ohio 

Pratt, Lyde S, Chemistry and Physics of Organic Pigments, 
1947, John Wiley A Sons, Inc, New York, N. Y. 

Simonds, Herbert R, and Adolph Bregman, Finishing Metal 
Products, 1946, McGraw-Hill Book Company, New York, 
N Y 

Wampler, Rollin H , Modem Organic Finishea, Their Appli¬ 
cation to Industrial Products, 1946, Chemieal Publishing 
Co , Inc , Brooklyn, N Y 
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CHAPTER XXI 

PETROLEUM 

by Gustav Egloff 

The petroleum industry in mid-1947 may be said to 
have been still riding on a tidal wave of demands. The 

prognosticators foresaw a sharp drop in petroleum de¬ 
mands with the cessation of military requirements, but 
their predicuons did not come to pass and all branches 
of the petroleum industry are utilizing every resource 

to supply an unprecedented market for all types of 
petroleum products. 

The present situation strikes the refining division 
with particular force and much readjustment and 

planned expansion is uking place to keep the produc¬ 

tion of refined products in line with demands United 
States daily production of crude oil has increased stead¬ 
ily since the war. Crude producuon. daily runs to re¬ 
finery sulls, and total domestic demand for 1945, 1946 

and parts of 1947 are given in Table 1 (1,2) 

During 1946, one of the major adjustments in refin¬ 
ing practice was necessitated by the rapidly increasing 

demands for distillate fuels for household heating pur¬ 
poses, diesel engines, and caulyuc cracking In order 
to sausfy these demands, more crude oil was processed, 

higher percentage yields of sttaight-run disullate fuels 
were produced from crude, and corresponding cracked 

distillates were blended with the straight-run products 
to make household heating oils. The increased produc¬ 

tion of disullate fuels accounted for shghdy lower per- 
cenuge yields of gasoline and residual fuel. By adjust¬ 

ing relauve yields of different producu, refiners pre¬ 

vented the building up of excess stocks of any single 
product, whidi attesu to the flexibility of present re¬ 

fining operations (S). 

The additional strain upon the refining industry is 
reflected in the progressive increases in total refinery 

capacities which have taken place since 1945 In that 
year the average daily charging capacity of all refinery 
stills for crude oils was 5,214,500 barrels. In 1946, this 

had increased to 5,452,000 barrels, 86.5 per cent of 
which was in actual operation (4, 5). In the middle of 
1947, refinery capacity for crude oils was 5,611,000 bar¬ 
rels per day and 49 refiners replying to a survey indi¬ 

cated that new construction would increase crude 

capadties 507,000 barrels per day by 1949. Replacement 

of existing facilities to the extent of 100,000 barrels a 

day was contemplated (6) Estimates indicate that a 
billion dollars had been set aside for refinery expansion 
for the two years, 1947-1948 

The capaaty of the average U S. refinery is increas¬ 
ing year by year In 1940, the average capacity of 462 

operating refineries was 9,600 barrels of crude oil daily. 
In 1945, 401 operating refineries had a daily average 
charging capacity of 15,000 barrels. In 1946 the aver¬ 
age was 12,860 barrels and latest reporu for 1947 showed 

565 operating refineries averaging 15,907 barrels daily 
crude capaaty. The largest U. S. refinery is that of the 
Gulf Refining Company at Port Arthur, Texas, which 

charges 192,000 barrels per day of crude oil. The plant 
of the Humble Oil and Refining Company at Baytown, 

Texas, is second with a capaaty of 190,000 barrels a 

day and the Standard of New Jersey refinery at Baton 
Rouge is third with a capaaty of 180,000 barrels a day. 

The demands of a warume economy imposed upon 
the petroleum refiner the need for manufacturing pre¬ 

viously unheard of amounts of 100 octane and 100 plus 

ocune aviauon gasoline, hydrocarbon bases for the 
manufacture of synthetic rubber and toluene for TNT. 

These major demands stimulated the production of 
special hydrocarbons by synthetic proce&ses whidi, 

though only known on a laboratory or pilot plant 

scale, were rapidly advanced to commercial status. 

Aviation Gasoline 

In the field of aviation fuel, the daily production at 
the ume of Pearl Harbor was about 46,000 barrels a 

day. At the peak of wartime demand in 1945 over 500,- 

000 barrels a day were supplied to the armed forces, 
more than a tenfold increase (7). The demand for 
combat aviation fuel suffered a precipitous decline 

after V-J Day and domestic demand for all grades of 

aviation fuel in 1946 was around 55,000 barrels a day, 

though this had increased to 70,000 barrels in July, 
1947 (1) 

During the war, the cry was continually for higher 

and higher octane number aviation gasoline ingredients 

and the rapid development of processes for high ocune 

TABLE I 

Time Production Run to Stills Domestic Demands 

1945 . 4,687,900 4,711,000 4,845,000 
1946 . 4,744,900 4,744,000 4,907,000 

1947 JaintaryAi«ttSt average . 4.975,625 4,957.125 5J11J88 

1947 week ending November 15 . 5,257.100_5.229.000.. 

309 
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rating hydrocarbons hat left a number of plants as 

carry over vrhich require adapuuon to the manufacture 
of ordinary motor gasobne if they are to conunue to 
operate. Table II summarizes the refinery units that 

were involved in the production of high octane avia- 

Uon gasoline during the war (7). 

_TABLE II_ 

Number 

Type of Plant of VntU 

Catalytic cracking . 77 
Alkylation . 75 

Isomerizauon . 37 
Hydrogenation . 4 

Dehydrogenation . 2 
Miscellaneous . 16 

Motor Fuel 

The prinapal function of the petroleum refining in¬ 
dustry is sull to provide fuel for gasoline motors, diesel 
engines, household and industnal heating and railroad 

and marine use. The trend in gasoline demands is a 

good index of the growing demand for petroleum fuel. 

One of the most surprising developmenu in 1946 which 
still continued in 1947 was the heavy demand for 

gasoline. The demand persisted in spite of the relatively 

slow increase in the number of passenger cars, tnidu 

and other vehicles powered by gasoline moton. The 

figures in Table III are indicative of gasoline demand 

(1,2). In 1946, there was a 5.5 per cent increase in 

gasoline demand, and in 1947 there was apparently, at 
the lime of this wnting, a 6.0 per cent increase over 

1946 

TABLE III 

Gasoline Consumption 
(in barrels) 

Per Year Per Day 

1945 . 696.407,000 1,908,000 
1946 . 734,833,000 2,013,000 

1947* . 778,000,000 2,130,000 

* ProjMUd, bsMd on Jsnuarr-Auauit data. 

Superfractionation 

Superfractional distillation was employed during the 

war to segregate high octane rating fractions of pri¬ 
mary straight-run gasolines for base stocks to be blended 

with hydrocarbon synthcucs in aviation gasoline. Lower 
octane raung fractions obtained as by-producu of this 

operation were blended with ordinary motor gasoline. 
The scparauon of high octane fracuons by closely con¬ 

trolled distillation is not applicable to all crude oils. 
There is a strong probability that some superfraction¬ 

ators will be employed in plants manufacturing chem¬ 

ical denvadves (8). 

Another use of simple fracdonal disdllation in the 

producuon of higher octane radng gasoline has been 
undercutting or recovering lower end point straight- 

run gasolines than is usual. This, of course, reduces 

yields from crude and makes it necessary to reprocess 

the higher boiling gasoline fracdons to improve their 
ocune radng. The poor octane radng material, if not 

reprocessed, can be used in third grade gasoline. An 

example will show the effect of undercutdng on ocune 
rating. In one case a 270 deg. F. end point gasoline had 

61 motor method ocune number clear or unloaded and 
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81 octane number after the addition of S cc’s of tetra¬ 
ethyl lead per gallon. A 400 deg F. end point material 
from the same crude oil had 50 octane number un¬ 

leaded and 71 octane number after the addition of S 

cc’s of tetraethyl lead (9). 

Thermal Cracking 

Thermal cracking conunues to hold an important 
position in post-war petroleum refining. The great ma- 

jonty of plant installations, which had daily charging 
capacities of around two million barrels a day pre-war, 

are sull operating. 

The Pure Oil Company has improved the octane 
rating of its refinery gasoline by arranging the refinery 

flow so that crude oil from three combination uniU is 

disnlled to SO per cent residues which are cracked in 
a newly designed delayed coking unit The use of this 

expedient has increased motor fuel producnon from 
52 5 per cent to 59 4 per cent and reduced the produc¬ 

tion of residual fuel oil from 27 66 to 17.2 per cent 

without changing the yields of other products The 
motor method octane rating of the refinery gasoline 

was four points higher as a result of the operating com¬ 

bination employed (10). 

Catalytic Cracking 

Catalytic cracking, a process which was undergoing 

a systemauc and orderly development pre-war, made 

unusually rapid progress during the war period and is 

continuing to progress at the present time. The com- 

meraal development of this process has been fostered 
by the need for higher octane gasoline than is obtain¬ 

able by thermal cracking The older theimal process 
yields gasoline having about 68 octane rating while 

catalytic cracking produces gasoline having from 80 to 

82 motor method octane number Gasolines of 400 deg. 

F end point from catalytic cracking have motor method 
octane ratings around 80 and research ratings of about 

90. which compare with values of 68 and 76, respectively, 
for thermally cracked gasolines of similar boiling range. 

A special advantage of catalytically cracked gasoline 
lies in the fact that the fractions boihng between 250 

deg and 400 deg F and higher have octane ratings 

nearly as good as those of the fractions boiling below 
250 deg F As a result, more of the higher boiling 

range components can be used, thus increasing yields 
without depreciating the octane rating of the gasoline 
as a whole (11,23) 

During the war, catalytic cracking was employed to 
produce the base stocks for aviation gasoline blends 

which also contained synthetic hydrocar^ns from alky¬ 
lation and polymerization plants, isopentane boiling at 

about 100 deg F for vapor pressure and tetraethyl 
lead up to 4 6 cc’s per gallon Such blends above one 
hundred in octane rating are graded in terms of per¬ 

formance rating as determined under actual flight con¬ 
ditions 

The catalysts used in various catalytic cracking proc¬ 
esses are generally activated clays of synthetically pre¬ 

pared silica-alumina or silica-magnesta composites The 

differences in catalytic cracking procc.sses are basically in 
the way that they use the catalyst and its physical form. 

Fixed Bed 

In the earliest commercially installed Houdry process, 

small granules or pellets were used as filler in cracking 
chambers, and the vapors of gas oil distillates were 

cracked in contact with these catalyst beds until the 
gradual accumulation of carbonaceous deposits necessi¬ 

tated a shift to new or unregenerated catalysts while the 
deposits on the first bed were burned off by air. Prob¬ 
lems of temperature control beset this type of process, 

both during the cracking period when it was necessary 

to add heat to maintain cracking temperatures, and 
dunng the regeneration period when heat was evolved 

and had to be dissipated in some way The problems 
of heat transfer have been solved by the use of molten 

salt mixtures that are circulated around banks of paral¬ 

lel catalyst tubes to absorb excess heat from the re¬ 
generation zone and convey it to the reaction zone. 

Figure 1 shows the essential parts of the fixed bed 
catalytic cracking operauon. A chaige of intermediate 

boiling range distillate known as gas oil is introduced 
to the plant through two heat exchangen so that the 

heat in the bottoms from the plant fracuonating col¬ 

umn and the heat in the vapors from the catalyst 
towen are partly utilized to heat the chaige which is 

then passed through a tubular heating element to com¬ 

plete its vaporization. Alternate catalyst towen an con¬ 

nected in parallel so that the oil can be passing through 
a fresh or regenerated bed of the catalyst while another 
bed it being reactivated. The cradted products pan 

through a fractionating system and are separated into 
gases, gasoline, and heavy gas oil that may be returned 

for further cracking with the fresh chaige. Figure 2 

shows such a fixed bed catalytic cracking plant (12). 



312 INTERNATIONAL INDUSTRY YEARBOOK 

Moving Bed 

Another method of catalytic cracking operation u 
known as the Thetmofor. or TCC, process. This can 
also be designated as the moving catolyst bed process. 

The catalyst is used in the form of small pelleu or 
spheres. A line diagram indicating the general flow in 

thu type of operation is shown in Figure S, and a pho¬ 
tograph of a commercial plant is shown in Figure 4 

(13). Chatging oil is pumped through a tubular heater 
and then into the tottom of a reactor, the heated 

vapors passing upwardly through the catalyst which 
slowly gravitates downwardly en masse. Alternatively 

the vapors can be introduced into the top of the re¬ 
actor to flow concurrently with the catalyst. The catalyst 

level in the reactor is maintained by the introduction 

of regenerated material from a hopper placed above the 
reactor. The cracked products pass from the top of the 
reactor through a small trap to collect caulyst dust and 

the cracked oil vapors pass on to a distilling column 
from which gas and gasoline are recovered as well as 
heavy disullates suitable for furnace oil, diesel fuel, or 

cycle oil for further cracking. 

The spent catalyst passes from the bottom of the re¬ 

actor into an enclosed bucket type catalyst elevator 
which carries the caulyst to the top of the regenerator 

in which it passes downwardly as in the reactor counter¬ 

flow to a stream of air or low oxygen content gases 

for bunung off carbonaceous deposits. The decarbon¬ 

ized particles then flow from the bottom of the re¬ 
generator into another bucket elevator which conveys 

the catalyst particles back to the hopper above the re¬ 

actor. In this way a continuous circulation of catalyst 
from reactor to regenerator and back is maintained. 

Fluid Flow 

The third, and most rapidly growing, catalytic crack¬ 
ing process is m the Fluid Flow type which utilizes the 
caulyst in an extremely fine sute of subdivision. In the 
first planu using powclered catalyst, the oil vapors un¬ 

dergoing aacking carried the catalyst upwardly through 
the reactor and into cyclone separators from which the 
catalyst was sent to a regenerating zone and the cracked 

gases and vapors passed to a fractionating column The 

separated caulyst was fed into a stream of air or low 

ox^en flue gas which earned it through the regenerator 
to a hopper placed above the reactor. The latest devel¬ 

opment in Fluid catalytic cracking passes preheated oil 

vapors through a reactor contaimng a mass of catalyst 
which IS mainuined in a turbulent condition by the 

passage of the vapors, which carry only small amounu 
of the powdered catalyst out of the reactor. The spent 

catalyst overflows from the reactor at a fixed level, is 

stripped of oil by steam and passes into the regenerator 

where it is again kept turbulent by a stream of oxygen- 

conuining gas passed through to bum oS carbonaceous 
deposiu In this latest and most imporunt development 

of catalytic cracking, such small amounts of caulyst are 

earned out of the reactor and regenerator by the oil 

vapors and reacuvaung gases respectively that recovery 
equipment can frequently be entirely eliminated. 

The general flow in a large scale fluid caulytic 

cracking plant is shown in Figure 5 (14). The oil 

ng. 3. Cc <»CC). 



Fiq 4. Thsnnofor catalytic cracldnq unit: Tapoiiiad eil 
pouaa upward asd eeuntareunrant to cotalyat flow. 

vapors carry the catalyst passing out from the bottom 
of the regenerated catalyst standpipe into the reactor 
The spent catalyst, after being stripped of oil with 
steam, is elevated by a stream of air through the spent 
catalyst carrier line into the regenerator Electrical pre¬ 
cipitators recover such fines as are carried out of the 
regenerator. Hoppers for spent and fresh catalyst are 
provided by means of mamtaining catalyst supply for 

both reaction and regenerating zones Figure 6 is a 
photograph of the plant whose flowsheet it shown in 
Figure 5. 

A large scale Fluid Flow unit is that of Shell Oil 
Ctnnpany's refinery at Houston, Texas, which is de¬ 
signed to produce 12,500 barrels a day of high ocune 
motor gasoline. This plant was the first to operate with 
micro-spherical catalyst. The feed to the piant u dis¬ 
tillate gat oil from a West Texu crude. The overall 
height of the plant has been reduced by careful design 
of the catalyst circulation system. Two-stage cyclone 
separators are used for removing catalyst fines from 
hydrocarbon vapors leaving the reactors This elim¬ 
inates a large proportion of extremely fine caulytt par- 
udes otherwise earned to the fractional distillauon sys¬ 
tem and lowers the concentration of catalyst in the 
bottoms from the main fractionator (15). 

In this plant, fresh oil and intermediate recycle oil 
arc heated in a tubular heater to 800 deg. F. and par- 
ually vaporized. Before entering the reactor, the oil 
meets a stream of regenerated catalyst at 1050 deg. F. 
which completes its vaporization, the oil vapor and 
catalyst then entering the reactor at 900 deg. F. The 
bottom of the reactor is conical It contains a gnd 

formed by box type girders containing venturi type 
openings for distributing catalyst and oil vapor through¬ 
out the reactor The faces of the openings in the beams 
are fitted with removable wear plates and erosion is 
minimized by the design of the orifices to promote 
smooth flow The highest velocity of the oil vapors and 
caulyst is low enough to permit formauon of a dense 
phase bed of catalyst in the lower portion of the re¬ 
actor 



Fig •. Fluid catalyct croeklBg plant; lUa procoM is th* 
moat uridalr uaad and meat rapidly gtewing. 

Spent catalytt from the reactor u earned by air under 

18 lbs pressure through a riser 5 ft in diameter A dense 
phase bed of caulyst is formed in the regenerator as in 
the reactor. The regenerator also contains a distnbuUng 

gnd similar to that of the reactor. Regenerated catalyst 
overflows at a level below the distribuung gnds. The 
regenerator is completely lined with 4 in. of block insu¬ 

lation and S in. of fire brick so that the external tem¬ 
perature of the shale is maintained at 135 to 150 deg. F. 
in spite of the internal temperature of 1050 deg. F. 

The heat evolved in the regenerator is used in waste 
heat boilen and the steam generated is sufficient to 
furnish all process requirements and leave some for 

general refinery use The total steam amounts to 175,- 
000 lbs per hour, 115,000 lbs of which are in excess of 
plant requirements and supplied for use elsewhere in 
the refinery. The steam is superheated by a radiant 
heater to 550 deg F 

In the regenerator the catalyst overflow is controlled 
by two slide valves which are activated by variations in 
the catalyst bed temperature The catalyst is circu¬ 
lated through interior pipe coils and back to a point 

below the distribution grid (16). 
Universal Oil Products Company installed a Fluid 

catalyuc cracking unit for the Aurora Gasohne Com¬ 
pany of Detroit, Michigan, that went on stream June 

19, 1947 (17). The line diaphragm in Figure 7 shows 
the flow in this plant and Figure 8 is a photograph that 
clearly indicates the compact character of the equip- 
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ment. Numerous improved featuies are included in this 

plant that was designed for charging 4,000 barrels per 
day of gas oil. It was the first small plant to use micro- 

spherical catalyst and also the fint to have grid plates 
in the caulyst rone to improve contact between oil and 
catalyst and to maease gasohne yields 

From the inception of lU operation through No¬ 

vember, 1947, It had chaiged from S,500 to 4,000 barrels 
a day of gas oil and produced 42 per cent of gasohne 

having octane ratings from 78 to 80 motor method and 
90 to 92 research method. The gas oil chaiged, which 

IS made in a vacuum still, is the production from 12,000 
barrels a day of mixed crudes from Texas, Wyoming, 

Illinois and Michigan. The gas oil charge is preheated 
by heat exchange with fractionator bottoms and vapor¬ 
ized by hot catalyst as both enter the reactor 

By having the reactor above the regenerator, spent 

catalyst overflows directly from the reactor, which ehm- 
ates the formerly used air riser which customarily oper¬ 

ated hot and required large expansion joints. The re¬ 

generator IS operated under a pressure of 15-19 lbs 

per sq in gauge which reduces its size and also the 
size of the pipes supplying air to it 

The Texas Company has constructed a Fluid catalyuc 

cracking unit at its Casper, Wyoming, refinery which 

IS designed to charge 4,000 barrels a day of gas oU pro¬ 
duced from 10,000 barrels a day of Cody crude (18) 

The gas oil is of high sulphur content which has neces- 
siuted the use of considerable alloy steel in the con¬ 

struction of the plant. One feature of the umt is desig¬ 
nated as balanced pressure. Both reactor and regener¬ 
ator are supported at the same level which has per¬ 
mitted reducing the height of equipment and the sund- 

pipes. In the electrical precipitators used for recovering 
catalyst fines, more than ordinary pressure is used which 

increases the elfiaency of the catsilyst recovery. 

Among the larger units Standard Oil Company of 
Indiana had under construction in 1946 were three 

25,000 barrel a day plants for the Fluid caulytic aack- 
ing of gas oil One of these started operating early in 

1947, and another was on stream before the year 
ended. These plants are to incorporate the most recent 

developmena in this process. The weight rauo of 
caulyst to oil in the reactor will be 6 8:1. Tempera¬ 

tures in the regenerator will be maintained at 1025 deg. 
F. by circulation of cold caulysts (19). 

The Fluid catalytic aaclung unit at the Avon, Cali¬ 

fornia refinery of the Tidewater Associated Oil Com¬ 
pany has been operating post-war on a charging oil con- 
risting of heavy California wax distillate. This oil aver¬ 

ages 22 to 23 API gravity and hat relatively high vis- 
ooiity. The shift to this heavier charging oil was made 

gradually firom straight run gas oil of 30 API or higher 
gravity during a continuous run of 415 days when oper¬ 

ations wete suspended for inspection and repairs, and 
not because of operating difficulties. The present charg¬ 

ing oil is made by vacuum flashing of heavy crude oil 

leriduum. The catalyst now in use consists of a small 
amount of synthetic atalytt used in wartime and a rela- 

dvdy huge amount of added natural day atalyst (20). 

In vtew of ibe inoeasing importance of tfie Fluid 

catalytic cracking process, which has shown flexibility, 

dependability and economy in all insullations, it hu 

received considerable study for further improving its 

operation (21). 
The Fluid caulytic cracking process embodies the 

following operating characteristia. (a) Flexibility; (b) 
Recyde of gas oil intermediates, (c) Low caulyst-to- 

oil raUo, (d) Effiaent caulyst recovery, (e) Effective 
oil stripping from spent catalyst, (f) Both feed pre¬ 
heating and caulyst cooling 

In flexibility, a unit is able to process charging stocks 

ranging from light gas oil to reduced crudes at their 

optimum cracking condition 

For maximum economic yield of gasoline from a lim¬ 
ited quanuty of fresh gas oil, it seems adviuble to hold 
the conversion to 50 per cent pass, and re-cyde uncon¬ 
verted oil to the extent of 30-50 per cent of the fresh 
feed While the maximum economic yield corresponds 
to about 70-75 per cent conversion to gas and gasohne, 

hi^ carbon and gas yields and low liquid recovery are 
encountered if this is effected in single pass operation. 

The amount of regenerated catalyst that can be prof- 
lUbly employed as a heat carrier is considerably above 
the minimum caulyst-to-oil rauo for optimum catalytic 
effect Incomplete removal of absorbed hydrocarbon 

from spent catalyst accounts for the major portions of 

Fig 1. 4JnO UL pw day U.OJ. fluid eatalyal eroelnr 
ahowa diagnualiedlly fas Fig. 7 
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carbon and hydrogen in the catalyst deposiu. Poor strip¬ 
ping of spent catalyst may increase the load on the re¬ 
generator by as much as 15 per cent. General trends fa¬ 
vor low rather than high caulysts-to-oil ratios ranging be¬ 
tween 5:1 minimum and 10-1 maximum. With high 

catalyst circulating rates there is increased production 
of catalyst fines lost from the system and deactivation 
of the catalyst because of repeated contacts with steam 

in the spent catalyst stnppers Increased temperature 
diSerenual between hot reactivated catalyst and oil 

feed increases carbon fonnauon in the film of hydro¬ 
carbon which iniuaUy envelops the hot catalyst par¬ 

ticles. 

It IS generally preferable to permit a small caulyst 
loss so that replacements will act to maintain the level 

of catalyst acuvity. A certain percentage of fines in the 

arculaung system assures smooth and surge free oper¬ 

ation 

Means for preheating oil feed and for cooling the 
catalyst increases flexibibty so that the heat balances 
in the regenerator and reactor can be mainuined inde¬ 

pendent of each other Apparently the best tempera¬ 

ture for preheating feed is 700 deg F 

A great deal of plant experimenution has been a>n- 

ducted to determine the best conditions for regener- 

aung caulyst activity (21A). The spent catalyst gener¬ 
ally contains from 1 to 2 per cent by weight oi car¬ 

bonaceous deposits and for burning this off effecuvely, 

close control of operauon is essenual. The principd 

facton involved in catalyst reactivauon are- 

(a) Temperature, (b) Pressure, (c) Type of catalyst; 
(d) Composiuon of the deposit; (e) The proporuon 

of deposit removed by oxidauon, (f) The efficiency of 

conuci of r^nerating gas and catalyst. 

In practically all commeraal insullations,, regenera¬ 

tion temperatures between 1000 and 1200 deg F. are 

used and in the majority of cases, the temperature will 
be between 1025 and 1100 deg. F. Although combus¬ 

tion proceeds more rapidly at higher temperatures, this 
tends to deactivate the caulyst and raises costs because 

of excessive wear on equipment. 

Some types of catalyst are more heat resisunt than 

others and the type of catalyst also afiecu air require- 
menu. The rauo of carbon dioxide to carbon monoxide 
m regenerator outlet gases may vary from 50:50 to 

65:95, according to the type of caulyst being regen¬ 
erated. Iron contamination seems to increase the ratio 

and result in increased air requirements. The oomposi- 
uon of the catalyst deposit has a pronounced effect on 

the air requiremenu The deposit contains not only 
carbon, but also hydrogen and sulphur and four times 

as mudi air is needed for burning a pound of hydrogen 
as is needed for a pound of carbon. Hig^ hydrogen 

content is the result’ of irudeqvate ml removal from 

the caulyst with steam, since the oil has a higher hy¬ 
drogen content than the normal carbtmaceous deposit. 

The amount of deposit on a spent catalyst depends 

partly on the catalyst-oil ratio used in the craddrq; tone. 
The difficulty of carbon removal iiKareases m the con- 

tem decKases. Regenerated catalysa may contain from 

0 9 to 1 0 per cent of deposit, but, as a general rule, 
it is being held between 0.5 and 0.7 per cent. 

Good distribuuon of air through the spent catalyst 
bed IS important. If the caulyst bed is too shallow, 

there is a tendency for channeling to occur and experi¬ 

ence indicates that beds should be at least 10 ft and 
preferably 15 ft deep. The lineal gas velocity in the 

regenerator should be about 1.5 ft per second to mini¬ 

mize catalyst entrainment. Regenerator outlet pressures 
from 1 to 9 lbs are being used. While combustion takes 

place more rapidly at higher pressures and permiu a 

reduction in the size of the regenerator, some of these 
advantages are offset by the cost of furqishing air at 

higher pressure 
The yields of gasoline from the caulytic cracking 

of gas oil are from 45 to 50 per cent in once through 

operation without recycling of intermediate fractions. 

By converung all the olefins in the gaseous products to 
gasoline by caulytic polymerization, yields can be in¬ 

creased from 55 to 65 per cent and by using both re¬ 

cycling and polymerizauon, yields of gasoline of over 
70 per cent are obtained 

The catalyuc cracking process uses somewhat lower 
temperatures and much lower pressures than thermal 

cracking processes. Pressures are used that are suffiaent 

to insure flow The process has greater flexibility and 

can more easily vary the proportional yields and qual¬ 
ity of both its gaseous and liquid products 'The use of 
catalysts in cracking decreases the tendency of poly¬ 

merization to urs and increases the tendency toward 
formation of aromatia and isoparaffins in the gasobne. 

The olefinic content of catalytically cracking gasolines 
IS somewhat lower than that of gasolines from thermal 
cracking As a result of decreased polymerization a 

minimum of residual fuel oil is formed and the aro¬ 

matics and isoparaffins contribute to making a higher 
octane number gasoline The effect of caulyst in min¬ 

imizing tar formation permits the use of higher boiling 

charging stocks with small coke produedon. 
An imporunt development in the two main catalyde 

processes is the use of spherical caulyst parades as 
beads in the Thermofor process and as microspheres in 
the Fluid process. These partides are made by dropping 

an unsuble colloidal soludon of a silica-alumina com¬ 

posite through oil and permitung it to set to a solid 
as beads. The formed globules are then washed, dried 

and calcined to make the final catalyst parddes (22). 

The advanuges in the use of spherical partides as 
compared with pelleto or granulated powders is that, 

having no sharp edges, they are less subject to abrasion 

and less likely to erode mechanical equipment through 
which they pan. 

Fluid flow catalyde cracking uniu are in commercial 
operadon which have charging capaddes varying from 

2,500 to 25,000 barrels a day and one unit is being 

designed to procen 42,000 barrels a day (29). 

In one type of catalytic crackiiig tqperadon, known 
as the Suspensoid process, a small amount of jrowdeied 

clay catalyst is subtended in the oil enteriog the heat¬ 

ing element of a tubular healer and reactiem diamber 
cradung plant (24)- -Thia procen is operated by the 

ImperU Oil Obo^any of Oanada, at its ffioida. On- 
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tano, refinery. Spent Filtrol clay from lubricating oil 
treatment u used as the catalyst The amount ut ca¬ 
talyst used is small, usually less than five lbs per barrel 

of oil charged and by using these small quantities of 
the spent material from lubricating oil treatment, the 

catalyst can be discarded after once through operauon, 
which eliminates the need for a catalyst regenerator 

In this process, best results are obuined when tempera¬ 
tures are increased and pressure reduced sufficiently to 

insure complete vaporization of the oil at the exit of 
the heating coil The process is operated so that con¬ 

versions per pass are of the order of 80 to 90 per cent 
At such high conversions the quantity of recycle oil is 

small and the total heat load on the furnace is said to 
be less in comparison with strictly thermal operauons 

After cooling to about 500 deg. f , catalyst is re¬ 
moved from the cracked fuel oil residiuni by means of 

a rotary filter This filtered oil is of high quality since 
salts and carbonaceous matters are removed along with 

the clay 
The Suspensoid process improves thermal cracking 

by utilizing existing equipment at a cost less than that 

of the Fluid or the Thermofor process The octane 

numbers of gasoline from Suspensoid cracking are 7 to 
8 points higher by the motor method tlian gasoline 

produced in the same yield by thermal cracking, and 11 
to 12 points higher by the research method The lead 

susccpubility IS slightly less than that of gasolines from 
thermal cracking, but better than that of the gasoline 

from Fluid catalytic cracking It is also claimed that 
less fuel oil and more gas is produced in Suspensoid 
than in thermal cracking. 

Additional costs above thermal cracking are reported 

to be less than 12 cents (U S. cy) per barrel of fresh 
feed and the reduction in lead requiremenu for a given 

ocuine rating is said to more than compensate for this 
increased cost. 

During the war, the daily charging capaaties of 
catalytic aacking plants were increased to 1,045,000 
barrels a day. Post-war plants both large and small are 
being designed and constructed at a rapid rate Addi¬ 
tions to Fluid catalytic cracking plants in the project, 

design or construction stage, are of the order of 200,000 
barrels a day charging capaaty, and when these are in 
operation. Fluid plants will represent about 60 per cent 

of all catalytic cracking plants (25) 
The tonnage of catalyst now employed in catalytic 

cracking processes is literally enormous It has been es¬ 
timated that there is a daily consumption of 200 tons 
of catalyst in all types of catalytic aacking processes 
now in operation in the United States. This may exceed 
the catalyst consumption in all other chemical processes 

(26). 
The modernized post-war refinery contains a cata¬ 

lytic cracking plant and sufficient catalytic polymeriza¬ 

tion unitt for converung all S and 4 carbon olefins 
from both thermal and caulytic cracking operations 
into polymer gasoline. 

Reforming 

While catalytic cracking is supplanting many older 

refinery gasolines, there is sull activity in reforming 
processes of vanous types These processes include 
thermal reforming, and catalytic reforming, using sev¬ 

eral types of catalyst The processes which are intended 
for use on straight run gasoline will still be valuable 

when catalytic aacking is eventually installed while 
those that are employed for improving the octane rating 

of thermally cracked gasolines may be considered mere¬ 
ly as temporary expedients (9). 

Thermal reforming processes which are employed 
pnnapally to improve the octane rating of 250 to 400 
deg F primary straight run naphthas are still showing 

uuhty when employed in conjunction with catalytic 
cracking. Thus a thennally cracked or thermally re¬ 
formed gasoline of suffiuently high octane number can 

be improved materially by subjecting it to the Isoform- 
ing process in whicli the vapors of thermally cracked 

gasolines are contacted with aacking catalysts, usually 
m a fixed bed, at customary cracking temperatures, and 

pressures of from 5 to 20 ibs 'I he main reaction in 
this conversion process is the isomerization of olefins 

to compounds of higher octane rating Liquid yields 
are as high as 99 per cent, and for die small loss, octane 

rating increases of 4 to 5 points are frequently obtain¬ 
able Ihe degree of improvement is a function of the 

initial olcfan content and octane number of the ther¬ 

mally aacked material processed (9) 

Hydroformtng 

The hydroforming process in which straight run gaso¬ 
lines and naphthas are tatalytically reformed in the 

presence of relatively high concentrations of hydrogen 
was ongmally developed for improving octane raUngs 

(27,28) The first hydroforming unit started operating 
in 1940, since then a total of 8 commercial units have 

been insulled Hydroforming’s wartime function was 
to produce toluene from selected naphtha fractions 

conuining high jiercentages of methylcyclohexane, the 
corresponding cycloparaffin Its present post-war func¬ 

tion IS to improve octane ratings of naphthas and in 
the case of Standard Oil Company of California, to 

produce orthoxylene for its phthalic anhydride plant. 
Toluene produced by the petroleum industry for 

the manufacture of TNT reached a figure of 270,000,- 
000 gal {>er year, approximately 9 times that produced 

as a by-product of the coal carbonization industry. This 
enormous production was made possible by the adap 

tion of the hydroforming process to toluene manufac¬ 
ture With greatly reduced demands for toluene post¬ 
war, hydroforming has returned to its pnmary objective 

of making high octane number blending hydrocarbons 
for motor gasolines. 

In the hydroforming process, a charging stock of 
gasoline boiling range is passed, at about 1,000 deg. F. 

under 200 lbs pier sq. in, gauge pressure, over a 

catalyst consisting of alumina and molybdena. Product 
gases are recycled so that the reforming reactions occur 
in the presence of a gas consisting or from 60 to 80 
per cent hydrogen. The principal reacdon involved in 

this process is the dehydrogenadon of naphthanes. 

However, some of the non-aromadc hydrocarbons are 
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uon occun unce there m considerable formation of 
xylenes from charging stocks containing prinapally 
methylcyclohexane. buJphur contained in the naphtha 

feed IS 90 per cent removed by this process and many 
olefins are converted to paraflins or nng compounds 
(27,28). 

In converting the hydroforming process to peace- 
ume operation for the production of a high octane 
aviation gasoline stock, practically the only change was 
the use of a wider boiling range feecL In reforming 
naphtha, die process yields from 78 to 80 per cent by 
volume of 80 motor method octane number gasoline. 
The remaining 20 to 22 per cent is about three-quar¬ 
ters dry gas and one-quarter heavy polymers and car¬ 
bon. 

The aliunina-molybdena catalyst used in the hydro- 
fomung process by the Standard Oil Company of Cah- 
fornia is made by a co-preapitation process. This cata¬ 
lyst IS claimed to be 50 per cent more active than 
catalysts made by impregnating alumina with molyb¬ 

denum compounds and calaning to develop molybde¬ 
num oxide. At die close of die war, 75 per cent of 
catalytic reforming planu in the United States were 
using the co-preapiuted catalyst In normal operauon, 
the catalyst is regenerated after from 4 to 8 hours serv- 
vice by using air diluted with rearculated flue ^as 
Temperatures are kept below a maximum of 1,100 deg. 
F. to avoid depreciating catalyst activity (27). 

Cycloversion 
Another reforming process in use at the present ame 

IS cycloversion, in which vapors of gasolines or naphthas 
are contacted with bauxite catalyst in fixed beds These 
catalytic reactors are added to ordinary thermal crack¬ 
ing or reforming plants (29). This is done by filling re¬ 
action chambers with bauxite catalyst or adding sim¬ 
ilarly filled chamber* if necessary. 

Ihe catalyst readily decomposes sulphur compounds 
at temperatures between 700 and 800 deg F. Alkyl 
sulphides, alkyl disulphides and mercaptan* are de¬ 
composed to hydrogen sulphide, but thiophenes are 
not greatly affected. In desulphurizing straight run gas¬ 
olines very httle change in the hydrocarbon compo¬ 
sition IS experienced. The resulpburization proceu can 
be applied to both straight run distillate* and blend* 
of straight run or cracked stocks. As catalyst acbvity 
declines due to build up of carbon on lU surfaces, the 
reactor temperatures are increased. A characteristic in¬ 
crease would be from 725 to 790 deg. F., measured at 
the outlet of the reactor. 

By using higher temperatures of 1,000 to 1,050 deg. 
F., the bauxite qttalyst reforms straight run and 
cracked stocks with considerable improvement in oc¬ 
tane ratings. Desulphurizing marke^y improves the 
lead susceptibility of gasolines and naphhtas and re- 
fonning at higher tempentures further increases their 
octane numbers. It it claimed that the cycloversion 
process has advantages for small refinen who are not 
able financially to install catalytic cracluQg. 

Pofyforming 

In the polyforming process, Kfoiming and enddng 
are conducted in the presence of relatiwdy laige 
amounu of olefin containing oadwd gates; otigiiially 
40 to 75 volumea ^ Uquefied gates per 100 vdhunes of 



PETROLEUM 319 

oil were used 7 he more reccni developments in this 
process employ increased amounts ol cracked gases in 
the order of 150 to 300 volumes oi liquefied gas per 

100 volumes of the oil cracked (30) The gases may 
be those made by cracking tlie oil itscll or may include 

those obtained trom outside sources ihe use of greater 
amounts of gases is said to permit moic severe clacking 
so that improved yields oi gasoline ol high anti-knock 

quality and sensitivity arc obtained 

Using the large excess ol gases certain addition type 
reactions apparently take place between die gas and 
the products made by cracking the oil, and there is a 

reduced formation of coke The new development in 
polytomiing is applicable to die conversion ol rcirac- 
tory catalytically cracked gas oils to gasoline to im¬ 
prove the overall yields 

With the higher liquehed gas dilutions, uudci tein 

peratures of 1,025 to 1,100 deg F, and pressures Irom 
1,000 to 2,000 lbs per sq in arc used In single pass 
operation, conversions to gasoline and gases arc usually 
between faO and 70 per cent. Stabilized gasoline, gas 
oil, low API gravity fuel oil and a gas containing ethane 
and lighter hydrocarbons are obtained The cracked 

gas oil ooiling between 400 and bOO deg f is generally 
a very exhausted stock that can produce only a hide 

gasoline on iurthcr cracking It is said diat die recycle 
stocks from higii gas dilution poly forming ol paraihnic 

gas oils are similar to those Irani caialyuc crocking 
The quality of the cycle stocks depends on the charac¬ 
ter ot the oil charged and the seventy of cracking con¬ 

ditions 'Ihe process can be operated lor tnaximuin 
buidiie-butencs It produces yields oi gasoline ot the 
same order as those that ate obtained in caulyuc 

cracking, the gasoline having numbers trom 71 to 7b 
by the motor method 

Polymerimiion 
Since the war the polymerization plants that operated 

at reduced temperatures and throughputs to produce 
codimer for hydrogenation to aviation tuel by the se¬ 

lective polymerization of butylenes, have resumed their 
original function of non-selettive operation to produce 

motor fuel polymers Irom both propylene and buty¬ 
lenes. Similarly, polymerization plants that were used 

to make cumene by alkylating benzene with propylene 
have given up this operation and gone back to making' 
non-selecuve polymers for blending with cracked gaso¬ 

lines (9). 
The commercial catalysts used in manufacturing mo¬ 

tor fuel polymers are sull either solid phosphoric aad 
or copper phosphate composites. Solid phosphoric acid 

catalyst produces gasoline having 80 to 82 motor method 
octane raung and a research rating of about 93 The 
process converts up to 95 per cent of the propylene and 
butylenes in cracked gases to gasoline (23) Complete 

conversion of three and four carbon atom olefins to 
relatively low vapor pressure polymer necessitates the 

use of outside butanes in many cases to produce gaso¬ 
line with correct vapor pressures (10). 

Alkykiion 
The post-war sutut of isobuune alkylaticm processes 

for the manufacture of high octane alkylates has de¬ 

pended Idtgcly on competitive factors and general eco¬ 
nomics (31) While new construction of isobutane alky- 
laiion plants iv not proceeding at the present time, a 

latge number ot wartime alkylation plants are conun- 
uing to operate Plants that are still operaung using 

sulphuric acid catalyst are those ol the Standard of New 
Jcisey. Standard of Indiana, Atlantic Refining Company, 

and otlier large companies Among the operating plants 
using hydrogen iluoriiie catalyst are those of the Sun 

Oil Company (8). die Standard of California, the Con¬ 
tinental Oil C-onipany, the Philips Petroleum Corpora¬ 

tion and the Sinclair (.onipany Present operation ol 
alkylation plants is in the direction of larger through¬ 
puts and alkylates of slightly reduced octane rating 
since alkylate production now goes partly into motor 

lucls where it was blended in aviation fuel dunng the 
war 

Ihe situation in butane isomerization plants makes 
tlieir upeialiun in 1947 distinctly marginal At present, 
all butane isomenzation processes require relauvely pure 
diaigiiig stocks (7) A number ot the butane isomen- 
/.ition units that upeiatcd during the war have been 
converted into pulyiiienzaiion plants (32, 33) 

Octane Ratings 

With die carryover ol processes tor making high oc¬ 
tane products and die backlog of experience held by 

a majoiity oi rehners, the oil industry is at present well 
able to supply gasolines that do not knock in engines 

ol much higher compression ratios than the best in 
cars coming fruiu today’s production lines Besides 

higher compression ratios, die automotive industry is 
installing or considering the installation ot many me¬ 
chanical improvements Uiat will have a far-reaching in¬ 
fluence on auiomouvc engine operation and fuel effi¬ 
ciency (28) 

Ocune raungs oi both premium and regular priced 
gasounes began a sharp post-war rise that reached a 

maximum in the winter ot 1945-46, the motor method 
octane number ol the premium fuels attaining an aver¬ 
age value oi 80.9 and regular fuel a value of 75.9 How¬ 

ever, this rise was haltea dunng the winter of 1946-47 
by a shortage of lead and difficulties in obtaining ma¬ 

terials for the construction of gayilinc manufacturing 
units During the winter of 1946-7, the iiKitor method 
octane number of premium gasoline had fallen to 78 5 
while regular gasoline was 75, the regular grade ex¬ 

hibiting a smaller loss than the premium fuel. In 1947, 
the situation as regards supplies of lead showed signs 
of improvement and the octane numbers of both pre¬ 

mium and regular gasolines have resumed their rise, 
though die average values are sull somewhat short of 
die previous maxima (34). The pre-war demand for 

premium gasoline was about 10 per cent of the total 
and reached a value of about 40 per cent toward the 

end of the war. it » now in the neighborhood of SO 
per cent. 

As indicauve of the trend in automotive engines, the 
General Motors Corporation built a six cylinder en¬ 

gine with a compression ratio of 12.5 to 1 and in¬ 
stalled it in a car for tesung (35). Using a non-knock¬ 

ing tuel mixture of tnptane and isooctane, an increase 
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o{ 43 per cent in miles^ per gallon o£ fuel was ob- 

uined at a car speed of 40 miles per hour It seems 
quite possible that the 1950 stock automobile engines 
will have compression ratios of 8.5 to 1 with correspond¬ 

ing economy in fuel consumption over present engines 

with compression raUos averaging 6 5 to 1. 

Treating 
In the treating field, most refiners are critically re¬ 

viewing their processes In the conditioning of gaso¬ 

lines from both thermal and caulytic cracking, the use 
of processes for mercaptan removal, such as the Unisol, 

employing a solution of causuc soda in methanol, con- 
unues to grow with a corresponding decrease in the 

use of sweetening processes which basically convert mer- 
captans to alkyl disulphides which remain in the oil. 
The Solutizer process using a soluuon of petroleum- 

denved phenols in caustic soda for mercapun extrac¬ 

tion is used in present commeraal units. 

In sweetening processes where aqueous soluUons are 
employed, such as the Doctor process, using sodium 

plumbite and sulphur, some developments have oc¬ 
curred in new compounds for breaking emulsions. 

These include such compounds as sodium stearate, 
oleate and abieute, as well as certain reagenu of the 

Tretolite type (37). 

Distillate Fuels 

The post-war demands for distillate fuels, particularly 

home heaung oil, have been higher than antiapated 

and operations in refineries have been reoiganized to 

produce proportionately less gasoline and more of in¬ 

termediate distillate producu. This has involved run¬ 

ning greater amounts of crude oil. Household heating 
oil now contains a considerable percentage of cycle 

stocks from catalytic and thermal cracking processes. 
These have slightly higher carbon content and require 

some burner modifications for their most efficient use 
(23). Total production of diesel fuel oil in 1946 was 
288,445,000 barrels as against 249,224,000 in 1945, an 

increase of 15.7 per cent (3) In 1946 the current de¬ 
mand for locomotive Diesel fuels was five to six times 
greater than pre-war. About 10 per cent of large ships 

built in 1946 and 95 per cent of new orden for rail¬ 

road engines specified diesel engines (23). 

Lubricating Oils 

During the war, practically no new lubricating oil 
plana were installed because the demands could be met 

with existing facilities. The developmentt which have 

raised the requiremenu of lubricating oils have been 

higher compression ratio automobiles, diesel «igines, 
and higher speed machines (38). The production of 

lubricating oils conunues to increase. In 1945 the pro¬ 
duction in the United States was 41,867,000 barieb; 

while in 1946 it had risen to 45,912,000 barteh-an in¬ 
crease of 9.7 per cent (3). 

The older plana for add-testing lubricating mis are 

rapidly becoming bbsolele and are being superseded by 
plana for stdvent extraction. The most common sotvena 

employed are jdiencd, furfural, and Duosol, a propane- 

phenol-oesol mixture. A recent, private survey indi¬ 

cated that a total of 50,000 banels a ffiiy of new lidni- 

eating oil treaung capadty was installed in 1947, 18,000 

of which are for solvent extraction processes to replace 
older plants I has, a net increase of approximately 10 

per cent or 12,000 barrels is to be added to the present 

Umted States capaaty of 120,000 barrels a day (39). 

Solvent extraction planu now have daily duuging 
capaaues of 109,770 barrels. That of furfural processes 

total 26,160 barrels, phenol 33,450, Duosol 31,000, sul¬ 

phur dioxide-benzol 10,300 barrels. The only new 
plana which are being constructed are 7 using the fur¬ 

fural process and 7 using phenol, indicating the pref¬ 
erence of refiners for these two types of processes, 

which now have over one-half the capadty of all sol¬ 

vent extraction planu. The Duosol process which uses 
propane-cresylic aad combines propane deasphalting 

and solvent refimng in the tame process. 
Liquid propane it used in practically every lubricating 

ml plant as a selective solvent for deasjdialtii^ and 

dewaxing. By employing fracuonating columm in pro¬ 
pane deasphalting, the need for vacuum distillauon u 
eliminated and the pouibihty of cracking in distilling 

lubricating oil stocks is minimized (38). The propane 
deasphalung plana of nine companies have a daily ca¬ 
paaty of 20,000 barrels and tull more of undesignated 

capaaty are under construction for 8 other oil com¬ 

panies. The more recent plana are utilizing counter- 

current treaung towers similar to those used in solvent 
refining processes instead of the older tank-type settlers. 

In prepanng lubricating oil stocks, the common 

method is to produce several narrow distillate cuu and 
process them separately. The finished oils are then 

blended to produce pr^ucu of desired characteristics. 
Most lubricating oil planu are designed for the produc¬ 

tion of 95 viscosity index and 0 deg. F. pourpoint 

mis. 15 refiners are installing modern lubricating oil 

processes at 10 places in the United States, and 5 for^ 

eign locahties. Most of these include vacuum disdlla- 

uon and propane deasphalting for preparing taw lu¬ 
bricating oil stocks. These oils are refined with single 

solvenu such as furfural or phenol and then subject 
to solvent dewaxing to obtain pourpoint. The finishing 

of the oils is being done either by clay oontacdng or 
percolation. 

For dewaxing lubricating stocks, the two principal 

processes are the MEK (meth^ethylketone)-benzol and 
the propane process. The dsiily charging capacity of 

the MEK-benzol process irutallations is 45,300 banels 

and that of the propane dewaxing planu 13,300 banrels 
daily. The sulphur dioxide-benzol plana have a total 

capacity of 2,400 barrels and the Barisol process, 4,700 
barrels. Twelve companies at home and abroad are in¬ 

stalling the MEK-benzol proceu and three companies, 

iiududing one in Venezuela, ate ooostzucting propane 
dewaxing planu (38). 

The production of both crystalline and mioocryttat 

line vmxes wu stimulated by the war which found 

many new uses for vnx. Peacetime demands have ex¬ 

ceeded those of the war. and dieie ia, at present, a 

shortage of wax. Ahnpst all of the new mUaocryitalline 
waxes are made by aoivent extraction processes vriiocat 

these WBzds were foat spade by eenuiingfal^ heavy In- 

tnicatiag od tiMHha 
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There are itill two major clay jwocesset used in treat* 
ing lubricating oili. In the Contact process, a finely 
divided clay is added to hot oil, stirred vigotoiisly and 

then filtered through a rotary filter. In the percolation 
method the moderately warm lubricating oil stock is 

filtered through a bed of relatively coarse fullen earth 
Comparing the conuct day finishing process with the 
percolation method, the former has lower investment 
and higher operaung costs while the latter has higher 

investment and lower operating costs. The contact 
process is now operated continuously with fresh day 

added and spent day discarded at all times. There is 
a steady production of oil of uniform quahty In con¬ 
trast, the percolauon process is a batch operabon and 
has the disadvantage that the quality of the filter efflu¬ 
ent varies during the life of the clay: however, the 
granular day can be reactivated and reused, which re¬ 

duces costs. The newer developments in clay treatment 
have been piindpally connected with the conuctii^ 
process They indude the use of continuous rotary 
vacuum filters for separating day and oil, the addibon 

of sweetening and drying equipment after the filter for 
improvement of odor and haze, and the development 
of low-cost clays (S8). 

An improvement in the mechanical aspect of lubri¬ 

cating oil manufacture is the use of conunuous blend¬ 
ing processes u opposed to batch blending. 

In the lubricant field, the use of additives is increas¬ 
ing. They are used for prevenung oxidabon of hydro¬ 

carbons in the presence of air, for improving load car¬ 

rying capacity under severe operaung conditions and 
for preventing sludge formauon. Well refined lubri¬ 

cating oils conuining no addiuves are supplied as tegu¬ 

lar grades for ordinary aankcase lubrication. Premium 
oils are the same plus an anuoxidant Heavy duty oils 

include both an antioxidant and a detergent. The latter 
keeps sludge suspended in the oil and prevenu local 

accumulations on engine parts (38). 

At present the production of synthetic lubricanu by 

polymenang ethylene or isobutylene is of a limited 
order These oils range in viscosity from 45 to 105 sec¬ 

onds Saybolt, at 210 deg. F. They have viscosity in¬ 
dices of at least 140 and carbon residues below 0.01 

per cent, however, their manufacturing costs ate high 
and their use is restricted to special markeu (38). 

Rubber 

The production of synthetic rubbers ot all types was 

about 820.000 tons in 1945. Petroleum was the major 
source of this production (40). The prinapal hydro¬ 

carbons furmshed by the petroleum industry for rubber 

manufacture were buudiene, styrene and isobutylene. 
The first two hydrocarbons are the components of GRS 
rubber for bres and the third is the major constituent 
of Butyl rubber for making inner tubea 

Plants in which Butyl rubber u made by copolymer¬ 
izing isobutylene and a small amount of isoprene are 
in full operation due to the increasing demand for 
Butyl rubber for inner tubes that retain air prenure 

ten to twenty times better than those made of natural 
rubber In this polymerization proceu, temperatures of 

minus 150 deg. F. are employed, and a boron fluoride 
catalyst is used. 

Chemicals 

In the manufacture of chemicals from petroleum, the 

oil companies have made several types of arrangementB. 
In some cases the chemical company installs a pdant near 

a large refinery which can supply raw materials. In 

another case, a chemical plant operated by a chemical 
company may be located within economic disunces of 

several refinenes from which they purchase raw ma¬ 
terials. Oil compames may create jointly owned sub¬ 

sidiaries which have one or more chemical plants. A 
petroleum company may also create a wholly owned 

subsidiary for manufactunng and marketing chemicals 

(41). 
Shell Chemical Company has under construction a 

plant for the manufacture of glycerine from propylene 

which IS scheduled to begin operating in 1948. The 

plant will have an annual capacity of between 30 and 

35 million pounds of glycerin and will cost 7 million 
dollars. The process involves the chlorination of propy¬ 

lene and subsequent hydrolysis. In the course of the 

glycerine manufacture, a number of intermediates are 

to be made, including particularly allyl alcohol (41,42). 

The Shell Company is also making a soil fumigant 

known at D-D by the chlorination of propane-piopylcne 
fractioiu of aacked gases. This mixture is toxic to 

nematodes and wireworms which have severely blighted 

extensive agricultural areas. Crop yields have been in- 
created 100 to 250 per cent after fumigation. Particu¬ 

larly good retultt have been shown in the Hawaiian 

pineapple fields (41). 

The Oronite Chemical Company, a sabtidiary of the 

Sundard Oil of California, hat a plant for making 
phthalic anhydride with a capacity of 8 million lbs a 
year to supplement the ina^uate supplies of this 
chemical ma^ by the oxidation of napthaloie from 

coal tar. The Oronite Chemical Company is alto nun- 
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ufacturing a group of detergent! by nilphonating alky¬ 

lated aromatics. In 1946. 125 million lbs of deteigenti 

were made from petroleum and in 1947 production 
was expected to be more than twice this amount (42). 

In the field of sblvenu. a petndeum or natural gas 

provides slightly over 5 per cent of the country’s methyl 
alcohol, 50 per cent of its ethyl alcohol, 100 per cent 
of nonnal butyl alcohol and 90 per cent of amyl aloo- 

hoL 100,000 tons of plastia annually are derived wholly 

or in part from ethylene. These include the poly¬ 

ethylene!. a substantial portion of the vinyl resins, 

ethyl cellulose and polystyrene (43). 

In 1946, 3.8 billion lbs of chemicals were manufac¬ 

tured from petroleum exdusive of beiuene, toluene, 

xylenes and other aromatic hydrocarbons (42). 

About $350,000,000 it being invested for the manu¬ 
facture of petroleum chemicals in the Texas Gulf area. 

Most of these plana are being built by chemical com¬ 

panies, although a tubtuntial proportion are being 
built by oil companies (44). 

The Fischer-lYopsdi proceu it being adapted to the 
production of hydrocarbons and oxygenated compounds 

from natural gas. Two commercial plana are projected 

-one of whidi will use 64 million and the other 100 

million ft of gu a day. In this |»ocest, the natural gas 
ia mddiaed at temperatiires from 1480 to 1540 deg. C, 

at a pressure of 300 lbs. per tq. in., to produce mix¬ 

tures of carbon moaoxide and hydrogen which are then 

conucted with iron catalyst to produce gasoline, diesel 
oil and mixtures of alcohols, aldehydes, adds and 
ketones. A particular feature of these plana ia the pro¬ 

duction of normal compounds instead of the iso com¬ 

pounds. The catalyst is used in finely powdered con¬ 

dition as a fluid, this being an adaptation of the Fluid 
catalytic cracking process. The larger (Sunolind Oil 

and Gas Company, Tulu, Oklahoma) of the two fdana 

is expected to jn'^uce about 6,000 barrels of 80 octane 
gasoline, 1,000 barrels of diesel fuel, and over 400,000 
pounds of organic chemicals daily. The antidpated an¬ 

nual production (over 152 million lbs) of these chem¬ 

icals from this plant is shown in the chapter on die 

Chemical Industry. 

Illustrations used in this section were provided 

by Standard Oil Co (Ohio), Socony Vacuum Oil 

Co, GtUf Oil Corp, Lummus Co, Universal Oil 

Products Co, Standard Oil Co (N. J.). 
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CHAPTER XXII 

PLASTICS 

by Gordon M. Kline 

During the war period, 19S9-1945, the plastics induv 

try quadrupled in siie. Many wondered whether the in¬ 

dustry could mainuin this high level of production in 

peacetime The years 1946 and 1947 have supplied the 

answer. Reconversion has not meant retrenchment, on 
the contrary, each year has seen the establishment of 
new production records 

An indication of continued expansion of the indus¬ 

try IS the considerable number of surveys which have 
been conducted regarding the sources of its raw ma¬ 

terials and its present and potential markets Some 

whicli have been published deal with coal and petro¬ 

leum (1), acetylene and ethylene (2), formaldehyde 

(3), and acrylonitrile (4). The facu seem to point 
quite conclusively to petroleum, natural gas, and chem¬ 

icals derived from annual crops, such as furfural (5,6), 

for the future supply of chemicals for the plastia in¬ 
dustry 

MATERIALS 

Phorestn 

An interesting addiuon in 1947 to the rotter of syn¬ 

thetic resins is a thermoset produce made by the poly¬ 

merization of diallyl phenyl phosphonate (7). This de¬ 

rivative of phosphoric acid can be copolymerized with 

other monomers to impart flame resistance, increase in 

index of refracuon and hardness, and a decrease in 

solubility The index of refraction of the pure polymer 

is 1.57 By copolymerization with methyl methacrylate, 
a product having the same index of refraction as that 

of glass can be synthesized, thus permitting the pro¬ 

duction of glass cloth laminated structures with a high 

degree of transparency. 

Terylene 

Another new and promising polymer is a Brifish 

product (8), made by polycondensation of terephthalic 

add and ethylene glycol. It yields fibers with a high 

modulus of elastidty and ouuunding resisunce to heat, 

light, and water. The fiben ate thermoplastic, resisunt 

to micro-organisms and chemicals, and tuve a high rauo 

of wet to dry strength. 

Polytetrafluoroethylene 

Availability of the polymer made from the tetra- 

fluoruie derivative of ethylene (9) was announced dui^ 
ing 1946, although appreciable quantities of it had been 

made during the latter period of World War II for 

military aj^cations. Polytetrafluoroethylene, mariceted 

aaTefl^ is inot toaR types ol chenicab except molten 

alkah metals It does not have a true melting point but 
does undergo a solid phase change at 620 deg. F. with 

a corresponding sharp drop in strength It gives off 

small amounts of fluonne-containing gates above 420 
deg. F Because of its high softening it can be shaped 

only by speaal techniques (10). Suggested applicauotu 

include coaxial cable spacers, valve packing, gaskets, 
and plug cocks and tubing for chemical plant equip¬ 
ment (11) 

Polyethylene 

The parent substance of the foregoing tetrailuonne 

derivative has only been made in commercial quantities 

in this country since 1943 (12,13). Ethylene is avail¬ 
able in natural gas and can be made cheaply from 

petroleum and coal. High molecular weight paraffin-like 
polymers are obtained only at high pressures, 1000 to 

2000 atmospheres (14) Its primary use during the war 

period was for electrical insulaUon on radar wire and 

cable because of its excellent dielectric properues. Sev¬ 

eral reports on its characteristics have indicated that 

many other important uses may be expected from iu 

combination of flexibility and toughness over a wide 

range of temperature without plasticizer, low water ab- 

sorpuon and impermeability to moisture, chemical in¬ 

ertness, and low specific gravity (0 92-0 93). These pos¬ 

sible applicauons include containers, gaskets, battery 

paru, packaging films, chemical equipment, and flexible 
tubing of vanous types (15). 

Styrene Derivatives and Copolymers 

Plastics engineers are well aware that the more than 

400 million lb plant capacity for the manufacture of 

styrene, built to meet the requiremenu of the synthetic 

rubber program, represents a tremendous potential 

source of raw matenal for the production of polystyrene 

and styrene copolymer resins. The forerunners of numer¬ 

ous developments in this field were announced during 

the war (16-18). The primary objectives have been to 

improve on the heat resistance and impact strength of 

polystyrene and secondarily to retain to at great an 

extent as possible the excellent electrical characteristia 

of the latter matenal. 

Styrene resins forged ahead in 1947 to a new pro¬ 

duction record in a diversity of applications. A poly¬ 

styrene molding material with an A.S.T.M. heat di^ 

Portion point of 87-88 deg. C. compared to 78-80 deg. 

C. for standard polystyrene became available (19). It it 
anticipated that the higher heat resistance of this com¬ 

pound will be advantageous in household merdundite, 

surgical and medical appliances, industrial equipment, 

light fixtures, and electrical iruulating parts. A styrene- 

323 
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bale casting resin resulting from war-time research on 
the proximity fuse was described by the National Bureau 
of Sundards (20). The compound has excellent dielec¬ 

tric and chemical resisunce properties and may be es- 

peaally useful in high-impedance control devices in 

steel mills, plating planu, and other factories handling 

corrosive chemicals as well as in the potting of com¬ 
ponents for radar and other electronic equipment. 

Polydichlorostyrene polymers are hard, transparent, 

colorless substances which resemble polystyrene in 
chemical resistance, solubility, and general appearance 
(21). They have heat distortion temperatures ranging 

from 240 to 265 deg. F., excellent electrical character¬ 

istics, good strength, machinability, and moldability. It 
is not necessary to add stabilizers to prevent dehydro- 

halogenauon as is the case with polymers containing 

chlorine atuched to an aliphatic structure. Polydichlo¬ 

rostyrene is nonflammable and can be injection molded 
or extruded. Copolymers of the dichlorostyrenes with 

butadiene and other unsaturated compounds yield rub- 
bcrlikc materials which are diaracterized by oil redst- 

ance, resistance to heat, and low water absorption. 

Another styrene copolymer, Plexene M, was an¬ 
nounced in 1946 It has an A.S T M. heat distortion 

point of about 190 deg F. and is resistant to gasoline, 
commercial inks, aads, alkalies, and dilute alcohol (22). 

Vinyl Ester Resins 

Considerable attention was focused on the vinyl 
resins dunng the year as several new planM came into 
production or neared completion Approximately 175 

million lbs were produced in 1947. Further advances 

in the art of coating, dipping, molding, and casting 

resin-plasticizer pastes (23) were recorded. Synthetic 
rubber of the butadiene-acrylonitrile type has been com¬ 

pounded with vinyl chloride resins to combine the oil, 

chemical and age resistant properties of the iatter with 
the solvent resistance and flexibility of the former (24). 

The combination avoids the troublesome factor of plas- 
tiazer migration. Resisunce to aging, corrosion, solvents, 

flexing, and abrasion, coupled with the adapubility of 

the matenals to practically all plastic processing tech¬ 
niques, accounts for employment of these vinyl resins 

in electrical equipment, extruded tubing, screening, gas¬ 

kets, coated fabrics and papers, packaging films, and 
molded aircraft and motor vehicle parts (25) 

A high-solids water dispersion of vinyl chloride resin 
has been found to be suitable for impregnating paper 

and fabric and for the manufacture of hospital sheeting 

and foul weather clothing The latex method eliminates 
costly solvents and solvent recovery systems and pro¬ 

motes better adhesion of the resin to fibrous bases (26). 

Dispersions of the vinyl resins in organic nonsolvents 

Crow aaetloBwl view of toloviaion tranamlMlon eoUo 
which has boon insulotod with polyothTlono plostie. 

P01.yETHyi.ENE MONOFIIAMENT. 
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(oiganosols) have also proved useful. (27). 

A vinyl resin made by copolymenang 85 parts vinyl 
chloride, 15 parts vinyl acetate, and 1 part maleic acid 

was found to give coatings which adhere well to smooth 
surfaces after air-drying The good adhesion is attrib¬ 
uted to the presence of unreacted carboxyl groups con¬ 
tributed by the maleic acid (28). 

Polyvinylidene Chlonde 

Manufacture of these resins was initiated by the Dow 
Chemical Company in 1959 using the trade name Saran 
When molded under proper conditions, polyvinylidene 
chlonde produces articles of high impact strength, abra¬ 

sion resistance, dimensional stability, and chemical in¬ 
ertness. Fittings and parts molded of these resins are 
parucularly valuable in the chemical industry. Pipes of 

this material, for example, are superior to iron pipes 
for disposal of waste acids A suction pump has been 

fabricated completely from polyvinylidene chlonde 
with the exception of two metal parts The pump at¬ 

taches to acid carboys, eliminating splashing Because 

of Its resistance to oils, water, alcohol, and other chem¬ 
icals, it has a wide range of usefulness in transferring 

bulk perfumes, flavonng extracts, syrups, and the like. 
Film made of this resiti is suiuble (or various types 

of packaging, including food products, medianals, and 

metal parts (29). A new senes of vinyl-vinylidene 
chloride copolymers was announced in 1944 under the 

name Geon (SO) During 1947 polyvinylidene chlonde 
extended its markets as filaments (51) and latex (92, 

98). 

Polyvinyl Alcohol 

Production of polyvinyl alcohol by E. I. du Pont de 

Nemours and Company, Inc, and its convenion into 
rubberlike producu by the Resistoflex Corporation were 
under way in this country in 1940, based on earlier 
development work in Germany (54). The applications 

of polyvinyl alcohol include adhesives, emulsifying 

agents, textile sizes, oil-resistant tubing, chemical-proof 
gloves, and antistatic hammers for forming light metals. 

It is useful for washen, diaphragms, gaskets, and other 
parts requiring various degrees of rigidity and resistance 
to oils, solvents, and wear; however, they are suscep¬ 

tible to atuck by water ((S3). 

Eapadolljr nMiehlnad TmetoUto parts ussd la a towsr hsad 
•i on oatsaaa pattfm pleltsr. 

Polyvinyl Carbazole 
llus polymer was originally manufactured in Ger¬ 

many under the name Luvtcan (56). Because it had 

possibilities as a synthetic replacement for mica, a 
criucal component of radio and electrical equipment, 

production was started in this country in 1943. TTie do¬ 
mestic product IS called Poleclron, lU electrical prop¬ 
erties and water resistance are comparable to those of 

polystyrene, its softening point is much higher, but its 
impact strength and other mechanical properties are 
infenor To obtain a tougher product it is oriented by 

extrusion and broken up into coarse fiberlike pieces 
These can be compression molded while still retaining 

their oneniation and yield a comparatively strong mold¬ 
ing By using a solution of the polymer in tetrahydro- 
furan, it is possible to cast thin foils which can be em¬ 

ployed as a replacement for mica in condensed dielec¬ 
trics (57). 

Furane Resins 

Although the commercial production of 100 per cent 
furane resins dates from 1944, these materials have been 
under investigation by the Quaker Oats Company since 

the early 20’s. They stem from furfural which is pro¬ 
duced by the dehydration of the pentoses associated 

with cellulose in corncobs, oat hulls, com stalks and 
related farm products Other furane derivatives used 
to make resins include furfuryl alcohol, tetrahydrofur- 
furyl alcohol and hydrofurfuramide. Furane resins 

made by the Furane Plastics and Chemical Company 

and U. S Stoneware Company have found applications 
in adhesives, corrosion-resistant coatings, and impreg- 
nauon of plaster of pans dies (58). A new furane- 
asbestos composition made by the Haveg Corporation 
has proved to be more saitssfaaory in chemical plant 

equipment than the previously used phenolic-asbestos 
matenal (59) Because of its resisunce to many chem- 
cals, this furane resin has extended the use of plastics 

into applications involving contact with alkalies, hy¬ 
drocarbons, halongenated organic compounds, and or¬ 
ganic acids (40) 

Silicon Resins 

These high polymers are the result of research in the 
field of organosilicon compounds dating as far badt as 
1871 A British investigator. Kipping, initiated in 1904 

Haw ’'boilabla" pelratyraiia Lusirax ahawa battar haot- 
dialettloa preparliaa than atondard potyatyrana. 
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experimenul work on the tilicon monomen and their 
low molecular weight condeniation ptoductt, which 
laid the foundation for their later connneidal develop¬ 
ment in this country. Silicon it on element occurring 
in ordinary land The oiganotilicon resin it oompriied 
of a network of silicon and oxygen atoms with hydro¬ 
carbon radicals attached to the silicon element. This 
oxygen-silicon itnicture in high polymen was previously 
known only in inoigamc products such as quartz, glass, 
asbestos, and mica. Silicon resins were fint made avail¬ 
able commercially m 1943 by the Dow Corning Corpora¬ 
tion 

The silicon resins found immediate applicatioiu m 
the electrical field because of their resistance to heat, 
up to 500 deg. F. In combiiution with glass fiber upes 
and fabrics, they represent a revoluuonary advance in 
electrical insulaUon (42). Silicone rubber, which has a 
curious combination of the properties of rubber and 
putty, has found use at a gasket material on search¬ 
lights and aircraft (43). Baked coatings based on sfli- 
con resins have been developed for protection of 
ranges, radiators, heat exhaust pipes, and stacks (44). 
Treatment of textiles, mirrors, windshields, wallpaper, 
etc, with organosilicon compounds renders their sur¬ 
faces water repellent (45). Adaptation of these resins 
to standard laminating practice in the preparation of 
glass fabric panels was announced in 1946 (46, 47). 

Resorcinol-Formaldehyde Resin 
This new member of die phenohe class of resins ap¬ 

peared in 1943 The two hydroxyl groups attached to 
the benzene nng result in three extremely reactive posi¬ 
tions Their reactivity it such that the resin cures rapid¬ 
ly at temperatures from 60 to 150 deg F. under nearly 
neutral condiuont. It has been found to be espeaally 
advantageous for assembly bonding of wood and other 
materials whidi are deteriorated by the strong acids 
used in cold-setting urea and phenolic adhesives (48). 
This type of adhesive, first introduced in this counury 
as Penacolite, has been particularly useful in the ship¬ 
building and aircraft construcuon industries, manu¬ 
facture of plywood sheet and tubing, and bonding of 
plastics, rubbers, and meuls (49). 

Unsaiurated Polyesters 
Beginning in 1942 with the allyl resins manufactured 

by the Columbia Chemical Division, Pittsbuigh Plate 
Glass Company, under the designation CR (Columbia 
Resins) (50), polyesters with unsaturated ethylenic 
groups built into them have been available. These un- 
satunted polyesten undeigo a true polymerizauon in 
which combination of the monomers occurs through 
carbon to carbon bonding. In the process of ptdymer- 
ization cross-linked three-dimensional structures are 
formed without the splitting oS of water or other chem¬ 
icals and therefore these resins can be processed at low 
temperatures or by single contact. Hence these ma- 
teriab ace sometimes called contact resins. 

The unsaturaiion may be introduced into the poly¬ 
ester resin by the use of on unsatunited add, stidh at 
maleic acid, or an unsatunted alcahot such at allyl 
akohed. The reaction inixttirezBay kitto contaai aatmM«i 
polyhasic adds and ta«tratedfial|liydxic idoohdi, 19 
resin, for euas]^ fl diAposiesl df'«al^im& ' 
add, edtyi^ glyod «Ad ^ ^ 
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unsaturated polyesters generally have been mixed with 
other compound containing ethylenic groups, such as 

styrene, which wdl copolymerize with the unsaturated 
groups in the polyesters during the polymerizauon 

process (51, 52) 
These low-pressure resins have removed the size limita¬ 

tion which presses and steel molds previously placed 

upon molded plastics applications and have made pos¬ 
sible the economical production of small numbers of 

pieces Rapid advances were made in this field under 
the stimulus of wartime requirements for aircraft parts, 
radar domes, and other military items which were readily 

fabricated using these resins with various reinforang 

materials. Laminates of this type are under considerauon 
for use in the manufacture of light weight transport, 
prefabricated housing panels, ducts for air-conditioning 

systems, luggage, and other products of laigc bulk (53, 
54). 

The unsaiuratcd polyesters also are adaptable to 
casting and are available as transparent thermoset cast 
products Ihe allyl diglycol carbonate resin provides a 

rigid transparent slieet whtcli has outstanding resutance 
to abrasion, dicmicals, crazing, and distortion under 

heat (55). 

Nylon 

The scope of tlie market for nylon resins (56, 57) 

was expanded during 1947 Among the applications ex¬ 
plored lor this versatile plastic were rope (58), watch 

straps, lock nuts, grommeu, conveyor belts, and gyro 

paru (59) I'he pioperties of polyamides made with 
various diamines and dibasic acids were described (60). 
Culmination of 12 years of researcli work brought the 
announcement that furfural will be used as the raw 

material for the manufacture of hexamethylenediamine, 
one of the mam ingredients of nylon resins (5). Furfural 

IS obtained from agricultural sources, such as oat hulls 

and corncobs, hence it is available in essentially un¬ 

limited quantities as an annual crop. 

Acrylics 

An acrylic injection molding compound with an 

A.S.T.M. heat distoruon point of 90 deg. C was an¬ 

nounced in 1947 (61). Anodier innovation in this field 

was a process for synthesizing methyl methacrylate from 
acetylene and acetone (62). A scratch-resistant coating 

for acrylic plastic consisung of hydrolyzed ethyl silicate 

and polyvinyl aceute was reported (63). Polyacrylonitrile 

fibers (4) characterized by flexibility, resiliency, high 
tenacity, and resistance to heat, light, and chemicals 

are undeigoitig development. 

Thermosetting Resins 

The chemistry and technology of phenol (64-66), 

urea (67), melamine (68), and furfural (69) resins 
received attention. A phenol-furfural resin varnish (6) 

developed for laminaung is claimed to impart better 

eietxrical and medianical properties than does the 
ccesol-base varnish and to be free from the unceruinty 

of sup^y and nonuniformitjf of the latter product. A 

oontinuous board made troen samdust and cresol- 

fonmddebyde rtsia with the aid of electronic heating 
ptmnisei to help meet the diortage of wallboard in 

Ch«it Bfitatn . laqainivement In the prt^serttes of 

wood by treatments with thermosetung resins extended 

the markets tor both materials (71-73) 

Cellulose and Ltgnocellulose Plastics 

Recent developments in the field of cellulose plastics 
include the marketing in 1945 of cellulose propionate 

molding compound (74, 75) and in 1947 of cellulose 

aceute propionate plastic (76). Further activities with 
ethyl cellulose (77), carboxymethyl cellulose (78), 

cellulose acetate butyrate (79), and cellulose phthalates 
and tctrachlorophihalates (80) were reported Produc¬ 
tion in Canada of a low-melting point, moldable lignin 

was announced (81). The material is currently used in 

a pbcnolic-lignm enriched, paper-base laminate em¬ 
ployed for decorauve purposes in buildings. Other uses 

for lignin were reviewed (82, 83) 

Compounding Materials 

Surveys ot particular groups of plastiazers were pub¬ 

lished (84, 85) Experimental and theoretical examina¬ 

tion of plasucizauon phenomena received the attenuon 
of numerous authors (86, 87) A new source of fillers 

for plastics and adhesives became available when a 
bark processing plant (88) was put in operation in the 

Sute of Washington. Noteworthy articles reviewed de¬ 

velopments in fillers (89, 90), fungicides (91), coloring 

materials (92-94), and peroxide caulysu (95). 

APPLICATIONS 

It would be diflicult to single out any particular 
category of products as outstanding with respect to 

progress in the utilization of plasucs during 1947 

Rather, the year was marked by continuing advances 

in many diverse outlets, such as telephones (96), sound 
recordings (97), radio (98), photography (99), printing 

(100), refrigerators (101), luggage (102), flooring 
(103), signs (104), business machines (105), housings 

(106), furniture (107), boau (108), tools and jigs 

(109), ion exchangers (110), core binders (111), bear¬ 

ings (112), and electrical insulation (113) Other in¬ 
dustries that employed plastics to improve their equip¬ 

ment and products include brewing (114), textile (115), 

paper making (116), power meulluigy (117), and 

chemical manufacturing (118). 

Transportation 

New uses were reported for plasucs in the trans¬ 
portation industnes Interior paneling with wood grain 

effect for sution wagons, made of phenolic paper-base 

laminate (119), highlighted developments in the auto¬ 
motive field (120) Laminated seat backs, vinyl up¬ 
holstery and shades, and acrylic signs and windows aie 
among the increasing number of applications of plastics 

on buses (121) Pracucally all types and forms of 

plasuo are represented in the accessories, decoration, 

lighting equipment, and glazing of the Train of To¬ 

morrow (122), indicauve of another expanding market 
for these materials. Published reports concerning de¬ 

velopments in the aircraft field were fewer than in the 

previous years ot intense expansion of this industry; 

the applications discussed included propellers (123), 

bullet-proof fuel tanks (124), and transparent en¬ 
closures (125). 



Medical 
Reunous pills that are taken internally as a treat¬ 

ment for stomach ulcers, functioning by absorbing aad 
(126), and artifioal eyes (127) made of methyl meth¬ 
acrylate resin were among the medical applications re¬ 
ported The manufacture of acrylic and styrene lenses 
(128) for television, camera, projector, railway signal, 
and other optical equipment was described; other optical 
applications of plastics were reviewed (129, ISO). 

Building 
Plastics are still spoken of hopefully in some quar¬ 

ters in connecuon with the housing problem, but cost 
and supply are far out of line with those of the com¬ 
mon buiKhng materials (ISl). Two new developments 
in tins field were described, one a resin-bonded sawdust 
timber, evolved in Great Britain, for conventional wood 
applications (1S2), the other a honeycomb-core alu¬ 
minum-faced panel proposed for use in prefabricated 
housing (1S5) The plywood industry, which in 1927 
used no synthetic resin adhesives, took more than half 
the approximate 80 million lbs produced in 1946 (134). 
Polystyrene ules (195) represent a major new material 
for adding color and serviceability to lutchen and bath¬ 
room walls, their low water absorption, excellent dimen¬ 
sional stability, and resistance to discoloration and 
staining are important factors in this application 

Textiles 

Further additions to the list of resin treatmenu for 
fibers to improve their performance properues were 
announced (156, 137) lliese finishes provide control 
of the shrinkage of wool, retenuon of mspness in sheer 
fabrics under moist conditions, durability of glazed 
chintzes when washed, moisture (198) and stain resist¬ 
ance to many textile products, and llameproofing (139). 
Developmenu in coated fabrics (140) and in syntheuc 
fibers (141) were described. 

Packaging 
The packaging industry continues to consume large 

quantiues of vinyl, vinylidene, styrene, polyethylene, 
cellulose acetate, and rubber derivatives in the manu¬ 
facture of transparent conuiners, coated papen and 
texules, and wrapping materials for display and pro¬ 
tective purposes (142). The rapidly growing frmn 
foods bnni^ of the industry has adapted plastic films 
(143) and hot-melt coatings (144) to their needs. 

Coatings 

Hie No. 1 customer of the synthetic resin trade, the 
organic protective coatings industry, explored still 
further the practically infinite combinaiions of film- 
forming bases and other materials used in formulating 
painu and lacquen (149, 146). Developmenu in the 
use of coatings based on cellulose derivatives (147,148), 
vinyls (149), phenolia (150), and rubber (191) were 
des^b^ 

AtUieshes 

Plywood and laminated wood praductt are dm major 
ooniumers of resinoin adhesives (15Mfi4); npoitt re* 
latlng to tbii field ^(rtUghied dfMdqiqmBtt in plmnolk 
(195). lesoKinol (19^. pnMete (157). and iwiet()5^ 
pim and the efecu of (4^. mniiWi*, 

tempentitre (150.161), and 



joint strength. Other imporunt uses for adhesives in¬ 

cluded automobile body assembly (163), brake linings 

(164), and optical lenses (165). Special adhesives for 

bonding meul (166), rubber (167), and plasucs (168) 

were described. A portable electronic machine (169) 

which eliminates the necessity for placing electrodes on 

both sides of the part to be cured promises to extend 

the utiliation of the thermosetting resin glues in sudi 

applications as wall coverings, fiooring, gates, furniture, 

and the like. The ultra high-frequency unit tianunits 
the current fhtm an electrode down through the g^ue 
line as far as 1 in. disUnce away and back up to the 

other electrode, thus effecting a complete circuit and 

curing the resin adhesive. Reviews were published con¬ 

cerning the general principles of selection and applica¬ 

tion of adhesives (170, 171) and the fundamentals of 
adhesion (172). 

Industrial Plant Equipment 

Plastics have been used by chemical engineers for 

many years in processes involving conttct with highly 

corrosive acids and alkalies. The primary limitations 

have been siK, heat sability, and cost. In many in¬ 

stances plastic coatings over metals have been used in 

lieu at molded at fabricated partt to oSwt diese lim- 

hations. A few examples of dervdequientt in the them- 
kat cngineecii^ uses at plastics will be dted to show 

the fRMdng in^ortatice of this subject to Jtoth indus- 

Metal plating plants have employed plastia exten¬ 

sively because of their resisunce to acids. Among the 
applications recently described are acrylic plating bar¬ 

rels (173), polystyrene floats for stopping spray (174), 

shields for making sections of parts to be plated (175), 

and plating rack coatings (176). Several reviews of the 

uses of plastics in the plating industry have been pub¬ 

lished (177,178). 

The textile industry continues to find advantageous 

the toughness and chemical resisunce of plastio. Thou¬ 
sands of spinning buckeu molded of macerated-fabric- 
fiUed phenolic compound reinforced with woven fabric 

are us^ in the manufacture of rayon. Spinneret adap¬ 

ters injection molded of polyvinylidene chloride have 

been in service for over three years; these are in con¬ 

tact with an alkaline liquid on the inside and with an 

add bath on the outside. Bushings fabricated from 

nylon resin or from nylon doth impregnated with 

phenolic resin have given satisfactory perfonnance in 

rayon spinning equipment. Splash guards and sight 

glasses of transparent methyl methacrylate resin are 

found on many machines in the textile field (179). 

Resin-asbestos compositions (Haveg) have prov^ to 
be Buiuble for many types of chemical equipment. 

Phenolic resin hu been commonly employed lc»r this 

purpose, but under die pressure of wartime need a 
furane resin composition with superior lesisttnoe to 

strong alkalies and oiganic solvents was evolved. These 

resin-asbestos materials have been used far the con* 
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struction of storage tanks, reaction tanks, scrubbing and 

fractionating towers, suction filters, fume ducts, pickling 

unks, and many special parts (180,39). Numerous te> 

ports describing applicauons of plastics m chemical 

equipment have been published (181-184). 
Vinyl resins, polyisobutylene, polyethylene, and phe¬ 

nolic resins are among the plastics which have been 
used for lining Unks (185-187). Baked phenolic resin 

coatings have been applied to the interion of Unk can 
used to ship formaldehyde, latex, nylon intermediates, 
sulphuric acid, etc Polyvinylidene chloride (Saran) has 

found ready acceptance in the form of piping for 
handling water, hypochlorite bleach, lubncating oil, 
and other liquids (188-190) 

Fan blades for water cooling towen, made of wood 
veneen impregnated with phenolic resin, laminated 
and compressed, have proved to be superior to cast 

metal blades. Pump impellen molded of phenolic ma¬ 
terials have given good service in contact with adds and 
gasoline Other phenolic parts which serve where pro¬ 
tection against acid is required are casten, gears, bolts, 
unk baffles, rollers, and valves (191). Recently a cen¬ 

trifugal pump for handling corrosive materials has been 

produced with all the liquid-handling parts made of 
Karbate, consisting of graphite impregnated with a 
furane resin. 

Jllustrattons jor this chapter were obtained 

through the courtesy of E. I. du Pont de Nemours, 

Bakelite Corp., General Electric Co., Monsanto 

Chemical Co., B. F. Goodrich Chemical Co., Dow 

Chemical Co, Frtgidatre Division—General Motors 

Corp., National Bureau of Standards, Rohm and 

Haas Co., American Cyanamid Co., Polymer Corp., 

Celanese Plastics Corp., Bell Aircraft Corp., Casein 

Company of America, Glenn L. Martin Co and 

Hercules Powder Co. 
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CHAPTER XXm 

POWER INDUSTRY 

by R. E. Hansen 

That the power industry successfully carried greatly 

increased war loads with relatively little increased capac¬ 
ity is now a matter of history. By forming large inter 
connected systems, pooling reserves, reduang overhaul 
of equipment, and operating plants long since relegated 
to cold standby, it was possible to meet unprecedented 

demands without delay and without impairing quality 
of services. 

With the coming of peace it had been expected that 

loads would fall appreciably, giving utiliues a breathing 
spell in which to catch up on maintenance and new 

construction Instead, total consumption of electric 
eneify has already surpassed wartime levels, while 
reversion to standard time and lifting of brownouts 

and other restrictions have intensified peak loads More¬ 
over, demands are increasing at almost as rapid a rate 

as III the early stages of war preparation. 

As a result, few power systems have as comfortable a 

margin of reserve as they would like even for carrying 

present loads, and turbine manufacturers have on hand 
orders for some 13,000,000 kw to be delivered over the 

next 5 years While it is not expected that there will be 
any widespread power shortage, there may be short 
period emergencies when lack of adequate standby will 

impose local strains on power-supply systems. This ex¬ 
pansion of power capaaty is not confin^ to the United 

States; Canada, Great Britain, France, Russia and China 
expect to increase their power production within the 
next few years. 

The most startling development of recent years is the 
announcement that nuclear reactions releasing laige 
amounts of energy have been made to follow a con¬ 

trolled pattern capable of utilization on a commercial 
scale Conversion of such energy to a useful form and 
on an economical basis remains for the future, but in 

general the methods that will be employed are known; 

pilot plants now under construction will undergo trial 
operation in a short time (1,2). 

llte mineral fuels will nevertheless cononue for many 
yean to supply a large proportion of our power require- 

menu. Processes are being evolved that will increase 
supplies of liquid and gaseous fuels, for power genera¬ 

tion at well at other uses. Improved meth^ of burning 
coal, in small intullations at well at large, are alto con¬ 

tributing to reduce the tnudte pall that has hung over 

all industrial centen since invention of the steam engine. 

Steam tuihinet ace continuing the long, upward trends 
in ti», efficiency, operating speed, steam pietiure and 

steam temperatures. The economies of quantity produc¬ 

tion are being apjpUed even in rriatively large units 

through adoption by manufacturers and utilities of a 

series of standardired specifications In small sizes, coin 
plete plant designs are being standardized in so<alled 
"packaged” planu. 

Several large hydroelectric projecu are under con¬ 

sideration Plans for development of the Yangtze gorge 

in China have been announced, indicating a project 
of greater magnitude than any now in existence. 

A number of gas turbines arc being built for power 
generation in Europe and South America, and experi¬ 

mental units are being tried out in the United States. 
Internal-combustion engines continue to be the most 
practicable means for supplying small blocks of power. 
The mercury-steam cycle is receiving renewed atten- 

uon A new wind-power installation it being planned for 

Vermont, and a cannery in Tashkent employs solar 
power 

ATOMIC POWER 

Although an electric power plant uulizing atomic 

energy has not yet been put into operation, the pos¬ 
sibility of such a plant was removed from the realm 
of speculation on August 6, 1945, when an atomic bomb 

exploded over Hiroshima, Japan It is now known that 

heat energy can be released in an atomic pile, the re¬ 
maining problem being that of modifying the process 
so that the heat obuined will be in such form that it 

can be convened into clectnc energy, using the well 

known thermal power cycle. No insuperable difficulties 
are expected. A pilot plant is now under construction at 

Oak Ridge, Tennessee (a) that should be in operation 
by the spring of 1948, (b) others are under design. 

State of Atomic Science in 11^40 

Prior to 1940, developments in atomic saence were 
given little attention by the practical engineer, and from 

then unul 1945 the subject was a tightly guarded secret 

Hence it is desirable at this point to give a brief history 
of the complete developments (S, 4). By the summer of 
1940, the principal facts publicly known were* 

1 In 1905 Einstein had given a mathematical demon¬ 
stration indicating a possibility that mast and 
energy are interconvertible (5). 

2. In 1938 Hahn and Stresemann had diKovered the 

isotope UTanium-255 and some of its properties. 

An atom of uranium-2S5 undergoes fission when its 
nucleus it hit by a neutron, splitting into two atomic 
nudei of roughly equal size. As all atomic nudei are 

composed of protons and neutrons, and the heavier 

elcmenu generally have a greater relative excess of neu¬ 
trons, several of the latter are liberated each time a 

335 



336 INTERNATIONAL INDUSTRY YEARBOOK 

mulctis IS split I'hcse are available to produce more 
fissions in a chain reaction, which may proceed siowlv 
il relatively few neutrons encounter susceptible nuclei, 
or explosively if the density of the latter is sufficiently 
increased Neutnins necessary to surt the chain are 
always present in small numbers by reason of cosmic 

ray activity, more tan be supplied by any radioactive 

substance 
I'he combined mass of smaller nuclei and excess neu¬ 

trons produced on splitting an atom accounts for about 

99 9 per cent of the original mass The remaining 0 1 
per cent, representing the diflferencc in binding energy, 

IS released as X-rays and heat Binding energy is cquiva 

lent to the deficiency in mass of an atomic nucleus, 
below the combined mass of us equivalent in free 
protons and neutrons The production of any element 
by direct combination of free protons and neutrons 

would involve the release of energy, the amount pei 
particle being greatest for those elements having atomic 
mass roughly half that of uranium Consequently, when 
uranium splits there is a residual to be released, amount¬ 
ing to about 38 9 billion Btu per lb -as much as would 

be obtained by burning 3.000,000 lb of coal. 

If fissionable material exists as a small body, many of 
the neutrons released pass to the outside too quickly to 

encounter atomic nuclei, and energy is released dowly 

If the material is impure, many neutrons are absorbed 
bv the impurities However, when a pure material such 

as uranium-235 exists as a large body, neutron density 
builds up rapidly, and energy is released explosively. 

The energy at the instant of release takes the form of 
radiation and kinetic energy of nuclear fragments, but 
It IS quickly traruformed into heat, the temperature at 
the center of a bomb blast being calculated at 20,000 

deg F. 

The requirement of size for explosion prevenu the 
attainment of many fanciful schemes suggested, for uk- 

ing advantage of the large amount of energy contained 
in uranium One such scheme was the construction of a 

new Panama Canal by planting pea-size uranium cap¬ 
sules at regular intervals, and detonating them simul¬ 
taneously. There are no means now known (at least 
not publicly) for detonating small charges of fissionable 

material. 

Naturally occurring uranium contains about 99.3 per 

cent of the inert isotope of mass 238, and only 0.7 per 
cent of uranium-235, witli negligible traces of uranium- 

234. The problem confronting atomic physicists in 1940 
was the separation of uianium-235 in sufficiently pure 

form. 

Wartime Developments 

In view of the turn taken in the European war in 

the spring of 1940, the United States government, with 

the cooperation of the governmena of Canada and the , 
United Kingdom, undertook to comj^te the research 

and develofunent necessary to utilize atomic energy for 

military purposes. 

The first problem was to obuin large quantities of 
purified natural uranium. In 1941, only a few grams of 

pure uranium existed. Before large quantities could be 

produced, commercial methods of purifying ore and 

reducing it to met.illic form had to be worked out 
Cost of the metal in January 1943 was $22 per pound, 
improveiiients worked nut since then may have reduced 

the price considerably 

Isotope SepataHon 

\ plant lor separation of uranium-235 was built at 
Oak Ridge, reiincssec Four methods of separation were 

used or tned (a) diermal diffusion of a fluid salt of 

uranium, in which the lighter isotope tends to con¬ 

centrate at top of a vertical tube, (b) diffusion of a 
gaseous salt through a semi-permeable membrane, the 

lighter isotope tending to diffuse more readily (6), (c) 
centrifuging of gaseous salt, and (d) electro-magnetic, 
taking advantage of differential magnetic deflection ol 

a stream of charged atoms due to difference in mass 
111 all methods a large number of repetitions are neces¬ 

sary before substantial purity is achieved Some pro¬ 
cesses arc particularly effective through certain ranges 
of concentration, making it desirable to combine dif¬ 
ferent proi esses For example, electromagnetic separa¬ 

tion may be applied after the proportion of U-2S5 in 
the material has been substantially increased by thermal 

diffusion (7) 

Plutonium Production 

The production of plutonium is of greater interest to 
the power engineer tlian the separation of uranium 

isotopes, since its production involves the process that 
IS expected to be used in pruduung power (8) In the 

wartime process, the chain-reaction pile produced plu¬ 

tonium, and gave off heat at low temperature as a by¬ 
product In the power-generation process, the same 
pde will operate at higher temperature, so that heat 

produced may be partially converted to electric power 

—plutonium will be the by-product For practical pur¬ 
poses plutonium IS equivalent to uranium-235, in that it 
may be used in a bomb, or it may be used tn a smaller 
pile for power generation. 

Hie chain-reacting pile consisu of a number of 

cylinders of metallic uranium, embedded m graphite 

blocks Neutrons are produced when atoms of uranium- 
235 normally present undergo fission. Some of the neu¬ 

trons produced are absorbed by atoms of uranium-2S4, 

increasing its atomic weight to 239. Uranium-239 spon¬ 
taneously emits two beta panicles, changing successively 
to neptunium-2S9 (atomic number 93) and then to 

plutonium-239 (atomic number 94). 

Function of the graphite is to reduce velocity of the 
neutrons, as those most readily absorbed by uranium 

are the thermal neutrons—those with velocities such 

as might result from elastic collisions with molecules at 

normal temperature. Another important component of 
the pile is the moderator, made of neutron-absorbing 

materal, this controls the rate of reaction, preventing a 
rapid rise in temperature such as occurs when a bomb 

explodes. Finally, the complete apparatus must he 

diickly shielded with lead or concrete, to proteo wotk- 
en from radiation. ■ 

The first chain-reacting pde to operate suoceiriittty 

on a leff'inaimaiiting basis was eiMfl|ileMd at Chicago in 
Decembtf, 1942. A laige^ plant was cong^leted ahaoM a 

year later at Qinton Laboratmks, pek lUdge.^ Ten- 
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nesKc The latter included a helium cuoling system to 
remove heat at a rate of about 2000 kw, and produced 
sufficient plutonium to permit trying out processes for 

separating plutonium from fission products and un¬ 

reacted uranium. 
Major production of plutonium hat been accumphtlied 

at Hanford Engineer Works near Pasco, Washiiiguiii, 

where three piles were constructed (9). The first was 
completed in September, 1944, and the tliird in early 

1945. Water from the Columbia River is used to remove 
heat from these piles, at rates possibly as high as 

500,000 kw per pile. 

Present Sitmtion 

The first power'generation pile is under construtuoii 

at Oak Ri4ge. and is expected to operate some time tliis 
year. Using a design suggested by Farrington Daniels, 

the pile will heat ,a gas-pomibly helium, at in the first 
Qin^ lafaotataeies pile-whicli will be used in turn 

to generate steam in a boiler Because the gas may carry 

radioactive material, the boilcr-likc pile will be shielded. 
Turbine and condenser. Iiovfver, will probably be out¬ 

side the shielded area (10) 

Power generation piles of other designs are being built 
at Hanford and C.hit ago (11, 12) Principle variable 
would be the heat transler medium Water and molten 

bismuth have been suggested /V future possibility is the 
use ol helium or some oilier gas at high pressure with 

direct generation of jxiwer by the gas in a closed-cycle 
gas turbine 

Current'research at Knolls l^aboratory at Schenectady, 

New York, includes the study oi means lor ship pro¬ 

pulsion Because ol the weight oi shielding necessary, it 
IS unlikely that dtoniic power will find application in 
any form of land or an transportation, and only in 

larger diips However, it may revoluuonire naval war¬ 

fare by making possible the construction of laige sub¬ 
marines capable of high speed while submerged (IS). 
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The major outlines o{ the scope of atomic power 
development appear to be fairly well defined (14 to 22). 
The nature of the process demands that power gen¬ 

eration be earned on in large-scale units. It is expected 

that there will be two main types of plants Primary 
piles will produce power in the range from 100.000 to 
500,000 kw, from natural uranium, with plutonium as 

the by-product These plants will be operated under 
direct supervision of government agencies, or perhaps 

international bodies, so that no plutonium will be 
diverted for destructive purposes. 

Secondary plants will be smaller, approximately 20,000 

to 100,000 kw. Plutonium fuel will be obtained from 
primary-pile operators These plants may be operated by 
utility and industrial companies, with supervision only 
suffiaent to assure that all plutonium supplied will be 
used as intended 

Present indications arc that nuclear energy will have 
difficulty in competing with fuels, except where the 
latter are penalized by unusually high transportation 
costs—as in the Far North, or in rough, mountainous 

regions not accessible by rail Published estimates indi¬ 
cate that the initial cost of an atomic power plant will 
be more than twice that of a oimparable coal-fired steam 

plant Even on the assumption of government financing, 
with freedom from taxes and low interest charges, such 

a plant could compete with coal only if the latter costs 
|10 per ton With private ftnanang through business- 
managed tax-paying utility companies, coal could cost 

much more than $10 per ton and still prove more 
economical (2Sto27) 

STEAM POWER 
Fuels 

The mineral fuels remain as in the past our major 
source ol mechanical and electrical power. Long-term 
trend of development u toward a more efficient and 
complete use of available fuels, not so much because of 

a limited toul supply, but because expansion and 

diversification of demand indicate the need for plan¬ 
ning, to prevent shortages of specific types of fuel (28). 
Some minerals formerly considered important only as 

fuel are finding use as chemical building blocks. For ex¬ 

ample. synthetic rubber alone requires significant 

amounts of the butylene fraction of petroleum, coal-tar 
benzene, and carbon-black made from natural gas. 

Natural gas reserves, quoted as recently as 1943 at 60 
trillion cubic feet, are now considered to be nearer 200 

trillion (29, 30). Large discoveries, mostly in Texas and 
nearby states, have set off a spurt of pipe-line building 
unparalleled since the early 1930’s. The Big Indi and 

Little Inch lines, used during the war to transport crude 

oil and refined producu, respectively, to the Atlantic 

Seaboard, have blwn sold to a private company for use 
in carrying natural gas to that area. Other lines are 

under construction or discussion from Texas to Cali¬ 

fornia, Tennessee. West Virginia, Michigan, Wisconsin, 

Soudi Caroltna. Florida, and intermediate places. While 
die gas so tranqpofted will be used primarily for domestic 
and small ocumnerda) services, it it probable that off- 

pedc use of gal in pcmttt fdanu srill in some cases be 

neoeaiMuy In cteSer to fuqnove die load factor and in- 
«tea|e aasAiags. 

One experiment has been completed in the United 

States, and more will probably follow, to determine the 
practicability of gasifying coal underground, eliminating 

the need for mining—except ui bore holes through which 
steam and air perhaps with oxygen added, ran be cir¬ 
culated and gas withdrawn (31) Gas produced is of low 
tfiermal value, and would be useful in mine-mouth 
power plants or industries, or lor conversion to higher- 

grade fuel by synthesis Results achieved so far are en¬ 
couraging but further experimentation is required be- 
lore the process can lie considered commercially prac¬ 
ticable. Similar experiments have been carried on in 

Russia fur several years, but adequate data on results 
have not been published (32) 

A process of making high Btu gas. mainly methane, 

from coal, known as the Luigi process, has been used in 
Germany and miy stxm be employed in the United 

States If practicable, this process might accomplish for 
the coal-burning regions what the chscovery of natural 

gas did for the southwestern part of the United States— 
the elimination of smoke and soot. Such a prospect is 

as encouraging as anything that atomic energy offers 
New petroleum reserves in nature are not being dis¬ 

covered rapidly, but are keeping pace with production 

Synthetic piocesses being developed, however, will add 

matenally to total reserves (33 to 38) Two plants are 
under construction for making oil from natural gas. 
and another is being planned for using coal All will 
employ the Fischer-1 ropsch basic method, starting with 

equimolecular mixture of carbon monoxide and hydro¬ 
gen Any hydrocarbon compound, or form of elemental 
carbon, can be converted to such a mixture by incom¬ 
plete combustion or by its reaction with steam, and 

therefore can be considered a raw material for synthetic 
oil If synthetic oil refineries are built in coal-mining 

areas, there may be heavy residual oils to be disposed of 
to power plants in those regions. 

Summing up the possible effccu of these developments 

on Availability of fuel tor steam power, there is (a) 
probably more widespread use of off-peak pipeline gas; 
(b) possibility of using gas produced from coal under¬ 

ground, in plants located at the mine-mouth, (c) com¬ 

petition from liquid-fuel industry both for natural gas 

and for coal, (d) more heavy fuel oils available for 
power production, including certain fractions of syn¬ 

thetic oils, and (e) changes in types of oil available 
for internal-combustion engines. 

Botler Plant 

Coal Handling; Receiving and handling of coal is 

being expedited in several ways During winter months, 

slack coal it often received frozen solid in the car. Use 

of thawing sheds, or even open burners in pits under 
the tracks, is increasing Loaning of compacted coal 

in unloading is effected with the shakeout, a vibrator 
placed across the top of the car. 

Old-time drag-scrapers for spreading and reclaiming 
coal in storage yards are being replaced by bull-dozert 

and carryalls (40). These are more flexible in opera¬ 

tion and simpler to maintain. The bull-dozer is run over 

the pile several times afto- spreading to give compact¬ 
ness. reducing risk of ^ntaneout combustion. 



Coal Firing- Uw; of the spicadei Mtiker is iiurcasing 
111 siiiallcr plants Simpler and less expensive dun pul- 
verircd-fiiel firing, the stoker fires small sizes of cnidied 
roal partly in suspension and partly on the grate In 
most designs the coal is projected lioiirontally or with 
.1 swirling motion The smaller particles ignite in iiiid- 
.iir and arc carried aw-ay with toinbustion gases while 
burning The laiger pieces hill on the grate where they 
burn as in conventional stokers (41) 

Recently die deselopmeiit of a horizontal cyclone 
burner for crushed coal was announced. With this 
burner, low-grade toals having low-fusing-point ash 
tan be burned, with removal of most of the ash in the 
lomi of molten slag Midwestern power plants have long 
been plagued w-ith rapid slag formation on txiiler tubes 
icduciiig steam cajiacity and requiring frequent clean¬ 

ing Ihc new burner is likely to prove attractive for 
smaller installations using crushed coal (42) 

Following the trend of utilizing small-sizc fuels for¬ 

merly considered as waste, several large installations 
have been cnnipleted or are under construction for 

burning anthracite culm in pulverized form Though 
one of the first pulvcrized-coal installations built nearly 

20 years ago near Lykens, I’cnitsylvania, used anthracite 
coal, the greatest develupinent of pulverized fuel firing 
has been with softer grades of bituminous Anthracite 
requires higher temperatures of preheated air, and offers 
some difficulty in burning (13) 

ScKitblowing It IS conventional in steam boiler prac¬ 
tice to employ saturated steam from the drum tor scx>t- 
blowing I'his IS now the mam source of loss of water 
from the cycle, and in the case of liigh-pressure high 
temperature plants it constitutes a serious drawback 
since It requires the entry into the cycle of quantities 
of makeup water carrying solids in solution. These, in 
turn, may prcxluce scaling on turbine blades 

.\bout 193(1, a plant in South Amboy, New Jersey, and 

another at Bremo Bluff, Virginia, adopted compressed- 
air soutblowing Recently a report was made on results 

of installations of this kind at Oswego, New York, and 
at Huntley Station in Buffalo (44) While the system is 

expensive to install, it is considered to save substanual 
expenditures ior feedwater treating equipment and for 
boiler capacity to provide steam Several new planu will 

employ the pneumatic system, and at least one com¬ 

pany is planning to convert older boilers now using 
steam. 

Pump Lrosion Research is under way to determine 

what materials can be employed to resist erosion caused 
by high-pressure feedwater (45). Flow of water across 
a disk at controlied pressure differential for a specified 
period produces observable amounts of wear It has 
been found that cbronium-bearing steels sliowed great¬ 

est resistance to erosion, an alloy with 5 per cent 
chromium and 0.5 per cent molybdenum being appar- 
endy best from an economical viewpoint Bronzes and 
monel showed good resistance, and cast iron proved 

better than cast carbon steel Bakeliie lacquer is sug¬ 
gested as a means of protecting old casings. 

Acid Qeaning; Modern high-pressure boilers arc 

difficult to clean by turbiiie-type cleaners, and a method 
of cleaning with dilute inhibited hydrochloric or nil- 

luric aad has been developed. Ccmcentrations used 

Gas turbme sat lor oxperimontal oporotion using pulvar- 
usd coal at the Brown Bovsri sbopB m Switsorlond. 

A phantom visw el stoBdardusd 5000 kw. packaged 
power plant lecatien of unita for stoom sloetiie stotioii. 



range from 5 to 7 per cent Temperature and time arc 
regulated to dissolve scale without removing meul in 
significant amounts Venting of hydrogen, produced m 

such manner as to prevent fire or explosion, is an im¬ 
portant matter (46, 47) 

Graphiuzaiion Several years ago it was discovered 
that carbon in carbon-molybdenum piping in some 
instances separated from the alloy as graphite, thus con¬ 
siderably weakening the material Research sponsored 
by utility companies led to the following conclusions 
(a) excessive use of aluminum for removing traces of 
oxygen promotes tendency toward graphitization, (b) 
carbon molybdenum steel is more resistant to graphitiza- 
iion than plain carbon steel, and (c) small quantities 
of certain metals, such as vanadium, tungsten and 
columbium, appear to stabilise steel against graphitiza¬ 
tion (48, 49, 50, 51). Carbon-molybdenum steel is used 
by General Electric Company (50) for temperatures up 
to 825 deg. F., as alloys sufficiently free from aluminum 
are not easily procurable For 900 to 950 deg F., chrome- 
molybdenum IS sometimes used, for 1000 deg. F., 12% 
chromium, 5% cobalt and 8% tungsten; for 1050 deg. F.. 
stabilized 18-8 suinless steel is required (52 to 56). 

Turbines 

Standardizauon; For almost 40 years large steam tur- 
binegieneraton have been made to the customen’ spedfi- 
cauons. This practice led to a wide variety of designs, 
eadi intended to fit the particular needs of the plant m 
which It was installed. Sometimes these custom-built 
machines permitted substantial economies in overall 
plant cost or in operating expenK. More often, how¬ 
ever, minor variadons introduced led to delays in engi¬ 
neering and manufacture, and added large but un¬ 
identifiable amounu to the cost of turbine-generators. 

A series of eight steam turbine-generators are covered 
in a specification drawn up by a joint committee of 
American Institute of Elecoical Engineen and American 
Society of Mechanical Engineen, (57-58). The series 
oostit Siam firom 11,500 kw. to‘60.000 kw. The three 
smallest tmits are specified to take steam at 600 lbs. per 
19. in. gage> 625 F.i' one sige, 50,000 kw, uses steam at 
850 Um. ^«1. in. 800 deg- F.. liblle for 40.000 kur. 
m also fth 88000 kw, two unitt mO’tipecified. one for 

650 lbs per sq m gage, 900 deg F and the other for 
1250 lbs per sq in gage, 950 deg F 

Manufacturers have drawn up designs and published 
performance data for machines adhering to AIEE- 
ASME PREFERRED SIANOAROS specifications, and 
given encouragement to customers, through favorable 
prices and delivery promises, to specify these machines 
when ordenng Since the publication of specifications, 
the proportion of standard turbines ordered has been 
gradually increasing, and it appears probable that 
within a few years only a small number of specially de¬ 
signed turbines will be purchased There has been some 
discussion favoring the addition of at least one more 
unit in the 80,000 to 100,000-kw size range 

Blading All major turbine manufacturers have an¬ 
nounced development of a 2S-inch blade for use in 
S600-rpm turbines, on a 42 5-inch root diameter This 
gives a greater exhaust annulus area than has previously 
been available in units operating at this speed, which 
in turn permits greater capacity from simple single-casing 
machines Design of the blade must be considered quite 
an achievement, inasmuch as it must rotate with a tip 
speed of nearly 1 iOO ft per second (59). 

Another recent development is the vanable-angle 
warped-surface blade, now used in lower-stage nozzles 
and buckets of 5600-rpm turbines of 50,000 kw and up. 
This design takes into account the variation in linear 
speed of the blade along lu length due to rotation, 
which requires a variable angle of incidence for maxi¬ 
mum effiaency In smaller units and with lower rota¬ 
tional speeds this variation dues not reduce effiaency 
to a sufficient extent to justify the manufacturing com- 
plicauon. 

Advanced Designs: Pressures, temjzeratures and speeds 
conunue to rise The 850 lbs. per sq in. gage plant is 
fairly well standardized, there being few built for lower 
pressures, while 1250 lbs per sq m. gage is becoming 
quite commoq. Several plants for 1500 to 2000 lbs. per 
sq. in. gage axe planned. Similarly, temperatures of 900 
u> 950 cfeg. F. are commonplace, and the first plant butlt 
for commercial operation at 1000 deg. F. is now in 
service (60). Seven! uniu to operate at 1050 deg. F. 
are under design. Nearly all units are built for 5600 
ipm, even in the very large sizes. 
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The continued upward trends in size, speed and steam 
conditions may be illustrated by the following brief 
statements regarding certain units now under design or 
constnicuon (61 to 68). 

Essex—A 100,000-kw turbine-generator to take steam 
at 1250 lbs per sq. in nge, 100 deg F is on order for 
this plant at Newark, New Jersey It will employ the 
2S-inch bucket described above, and will OfKiate at 
9600 rpm. 

Sewaren—A new plant in Woodbridge Township, New 
Jersey, will have three tandem-compound 100,000-kw 
uniU, uking steam at 1500 lbs. per sq in gage. 1050 
deg. F. Five low-pressure suges will be tnple-fiow, the 
last stage having 3 tows of 23-inch buckeu 

Phihp Spom—A new plant at Pomeroy, Ohio, will 
have two cross-compound 125,000-kw. units. The high- 
pressure element will turn at 3600 rpm, taking steam at 
2000 lbs. per sq in gage, 1050 deg F The low-pressure 
element will turn at 1800 rpm and take steam reheated 
to 1000 deg. F. 

Twin Branch—One unit similar to those for Phihp 
Spom Plant will be added to this plant at Mishawaka 
Indiana. Already installed, there is a unit operating at 
2300 lbs per sq in. gage, the highest pressure in com¬ 
mercial use for steam power generauon in this country 

In total, about 9,000,000 kw of steam turbine capaaty 
IS now on order witli equipment manufacturers (69), a 

lemarkably large amount. Other countries are similarly 
engaged in increasing amount of available capaaty. 
notably Great Bnuin (70), and Russia (71). 

Operaoon of High-Preuure Units Turbines built 
fiom 1937 to 1941 for operauon at 850 lbs. per sq. In 
gage. 900 deg F.. or higher, were so vastly superior to 
previously exisung units that they were intended for 
continuous base-load operation It was contemplated by 
nunufacturen and users alike that they would for a long 
time constitute relatively small nuclei of efficient capacity 
in systems made up largely of older turbines Some sys¬ 
tems during the war. however, experienced phenomenal 

percentage load growth, and have installed or will in¬ 
stall many large high-pressure units. These utilities now 
And that with all high-pressure equipment operated con¬ 
tinuously night loads required run at very low, un¬ 
economical raungs 

It IS now thought that in certain cases savings in fuel 
tost result from shutting down high-pressure turbines 
and banking boilers, even when the off period is only 
overnight Such operating is. of course, harder on the 
equipment than a continuous full load, but manu¬ 
facturers are confident the machines can be so operated 
without undue risk. Quick-starUng methods that have 
been worked out add to savings achieved by such over¬ 

night shut-down (72). 

Condensing Systems 

The theory of condenser design has been well worked 
out and standardized Differences between condensers 
of different manuiacture are due either to different 
ideas on how to secure effective steam distribution 
among the tubes, or to the need for fitting the equip¬ 

ment into a parucular space 
It has become almost a tradition that the condenser 

shall be beneath the turbine, and between the legs of 
the turbine pedestal Ihis arrangement dictates the 
height of the condenser basement. Some designers, at¬ 
tempting to develop more economical building types, 
have employed one or two condensers at the sides of 
the turbines, permitting a low turbine foundation. This 
IS a particularly advantageous arrangement in outdoor 

planu. 

Cooling Towers 
Until quite recently, nearly all sizeable stram power 

plants were built where large amounts of cool water 
could be obtained from rivers, lakes or tidal sources 
In the southwestern area of the United Suites, where 
rivers are flashy, some large lakes have been constructed 
at great expense solely to supply condensers of steam 
turbines. Even where adequate water supply is avail¬ 
able, however, considerable expense is involved in 
uulizing It, as river banks may be low and marshy, 
subject to flood, or at considerable distence from load 
centers or transmission ties. 

In Europe, hyperbohe concrete coohng towen are 
frequently employed These latge structures utilize 
natural draft, and permit locating the plan vdierever 
suffiaent water for tower makeup and miscellaneous 
plant nses-usually a few per cent of that required for 
condensing—can be obtained. A growing number of 
power plants in this country are using mechanical-draft 
coohng towers to permit using sites advantageously lo¬ 

cated with respect to transmission lines, transporuikm. 
or terrain. Of those more recently insulled, the major¬ 
ity are of the induced-draft type, in whidi die meutture- 
laden air it projected upward with sufficient velocity 
to prevent iu recirculation to inlet louvres. 

Water from a cooling terwer will usually be someiidiat 
warmer than that from a river or lake. Overall effici¬ 
ency of the plant is further reduced because of power 
consumption of the circulating fans. These pedaltiet. k 

h^qnressute plana, amount'to only two to diiee per 
cent of the fad biU. 
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As inlet pressure and temperature of steam to tur¬ 
bine increase, less heat must be disposed of in the con¬ 
denser The regenerative feedwater heater also reduces 
the condenser load, as steam withdrawn from turbine 
does not reach the condenser. Consequently, the effect 
of higher water temperature becomes less important as 
more efficient cycles are employed, and we may expect 

increasing utilization of cooling towers 

Outdoor Plants 

Beginning during the depression, a small number of 
steam-plant designers began to develop low-cost methods 
of protecting equipment and personnel against the 
weather, avoiding the laige structures employed gener¬ 
ally to house an entire plant Over a dozen such plants 

have now been built, aggregating more than 500,000 
kw capacity, and a number of others, of progressively 

greater outdoor quality, are now under design (7S, 74, 
75) 

Outdoor substation equipment has, of course, been 

long in use Some fifteen years ago, a few plants were 

built with low turbine rooms, having gantry cranes to 
handle turbine-generator parts through roof hatches 
About five year later, boilers were placed completely 

outdoors, except for a steel canopy roof and endosure 
around the firing and control room, loiter, the turbine- 
generator was placed on the roof of the condenser room, 

with or without a removable steel cover Most recent 
designs omit the housing around the condenser, some 

employing side condensers to reduce the height of tur¬ 

bine foundation. In these the crane rails are at grade 
level and dose to the sides of the foundation so that a 
short-span crane can be employed. 

Regenerative Cycle 

The development of the concept of the theoretical 
regenerative cyde to replace the Rankine cyde as a 

basis of computations marks a notable advance Though 
first suggested over twenty years ago, the heat rate of the 
newer ideal cyde, which has an infimte number of 
bleed points heating feedwater from condenser tempera¬ 
ture to boiler drum temperature, was difficult to com¬ 

pute. A complete Uble of such heat rates has now been 
published, as well as a relatively simple method of 
solution (76,77). 

Mobile and Packaged Plants 

During the war several S0,000-kw. floating power 
planu were built for delivering power at riverside or 
tidewater poinu where local or temporary shmtages 
developed. These plants were erected on barges, to be 
towed wherever n^ed. Originally intended only for 

domestic use, some floaters were reinforced for ocean 
passage, and were employed in Europe during and 
after the war (78, 79). 

A number of power trains have alto been constructed, 
many for export to Europe. These employ air-cooled 
oondenaen, and range in sin from 2000 to 10,000-kw. 

(80,81,82). 

Complete deilgiu for a 500D-kw power plant are now 
o0n«d by one mannfoctuter (88). Several have been 
sold Sm me in South America. Another manufaaurer 

offers most of the components for plants of 1000, 2000 
or 3000-kw (84). 

Controls 

Use of combustion control has increased maikedly, 
as coals of pioorer quality and higher cost have been 
burned By-pass control on boiler feed pumps, to assure 
sufficient flow to carry away heat developed in the 

pump, has also been widely employed. A novel develop¬ 
ment IS Uie use of television to carry a view of water 
level in boiler drum to the operating floor (85), 

INTERNAL COMBUSTION ENGINES 

Supet charging 

One of the most effective ways to increase the output 
of an internal combustion engine is to raise the pressure 

of air supply The weight of air tliat enters each cylinder 
during a normal cycle is almost directly proportional 
to Its pressure, by increasing the air charged, the fuel 
chaige can also be increased, giving added power out¬ 

put Belt-dnven superchargers have long been used in 

aircraft and automotive applications, in the latter main¬ 
ly for racing cars 

Aircraft engines require supercharging because of the 

ratified atmosphere encountered at high altitude. Tur¬ 
bines driven by engine exhaust gases are well adapted 
for driving such superchargers, because as altitude in¬ 
creases, pressure available for expansion increases in 
the same ratio as the compressor load. Turbo-super- 

chaigcrs were tried experimentally during World War 

1, but reached their full development only in the re¬ 
cent war, when they were employed in all major types 

of reciprocating airplane engines (86 to 95). 

The larger stationary Diesel engines are now fre¬ 
quently provided with exhaust turbo-superchargers, in¬ 
creasing output for a given cylinder volume by some 

60 to 70 per cent While application of the turbo¬ 
supercharger to older engines would also theoretically 

result in greatly increased output, engines not designed 
for the resulting increased stresses would probably ex¬ 

perience high maintenance and rapid wear (94, 95, 96). 

Dual-Fuel Engines 

The availability of natural gas in the American 
Southwest and other areas has led to the development 

of gas engines of large size. Early types employed the 

Otto cyde, with spark ignition, many smaller units 
being simply converted gasoline engines. In larger units 
it has been found worthwhile to take advantage of the 

higher compression ratio, and hence higher efficiency, 
that can be employed with the Diesel cycle 

At first this was done by injecting the gas into the 

cylinder in about the same way as in the oil engine. 
Because natural gas has a high ignition temperature. 
It was necessary at the same time to inject a small 

chaige of “pilot” oil, to set off the explosion. 
A more recent development eliminates the high- 

pressure gas injector, and at the same time provides 
exceptional flexibihty in bunung varying amounu of 

gas and oil. This consists in mixing gas and air in a 
mixing valve such as that used with the Otto-type gas 
engine. Oil is injected, as in the Diesel, at the instant 
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required to ignite the compresiied charge. By this means, 
the proportion of gas fired can be changed at will, in the 
range of 0 to 95 per cent of toul fuel requirement of 
the engine, by simply turning a valve while the engine 
is running Or the engine can be run on gas supplied 
in varying amount, with the controls automaucally 
feeding enough oil to make up the fuel requirements 

of the engine as determined by the load carried (94, 

97). 

/itr Cooling 

The Diesel engine, because of its effiaency and some¬ 
what greater tolerance in fuel quality, has for many 

years been steadily advancing into the field of the gaso¬ 
line engine The latter has reigned supreme in the 
small size range, because of its lower manufacturing 
cost, lighter weight, and because in most applications 
fuel cost was not a major factor. The recent develop¬ 
ment of an air-cooled Diesel engine (98, 99) indicates 
a further advance into the smaller sizes It is merely 
noted here parenthetically since there is little likeli¬ 

hood of Its application for central electric-power in¬ 
stallations 

Medium-Speed Plant 

Diesel engines employed by uulities and municipal 

electnc systems have almost always been of the heavy- 
duty, slow-speed type. A report published recently (100) 
gave results of six yean operation of a plant with 
medium-speed units, indicating the feasibility and pos¬ 

sible economy of employing such units for ceruin types 
of service 

Portable Units 

As in the case of steam plants, portable plants in both 
small and large sizes have been developed The largest 
is the 6000-kva baige "Electra”; smaller uniu are 

mounted on skids (101,102,103,104) 

GAS TURBINES 

Basic Cycle (Review) 

Though much has been published in recent yean 
concerning the gas turbine, there may be a number of 
engineers to whom the phrase is only vaguely under¬ 

stood Briefly, the gas turbine comprises an air com¬ 
pressor, usually of axial type, and in the simplest uniu, 
operating at a pressure raUo of 4 to 1. The air stream 

emerging from the compressor passes through or around 

a combusuon chamber, where iu temperature u raised 
to 1000 deg. F. or more. The hot compressed air. con¬ 
taining the products of combustion of fuel (from which 
the name gas turbine is derived), then expands through 

a turbine. The latter develops somewhat more work 
than is needed to run the compressor, because of the 
higher temperature. Hence a residual work output iS' 

available to turn a generator or deliver laedianical 
energy 

Refinements in the simple cycle begin with a regen¬ 
erator or heat exchanger in whidi the heat remaining in 

the gat exhausted from the turbine is transferred to 
compressed air before the latter is heated. Further im¬ 

provement resulu from breaking the compression and 

expansion processes into two steps, with a water-tube 
intercooler between compression stages, and a reheater 

between turbine stages. 
The advantages of the simple unit include small spate 

requirements and simple operation afforded by the 
omission of extensive heat-transfer surfaces, such as 
those needed in the steam plant with boiler, super¬ 
heater, economizer, condenser, feedwater heaters, and 

so on On the other hand, turbine and compressor are 
rather large in relation to net output, since they largely 
cancel each other Moreover, the simple units are less 

elfiaent thermally than steam plants. As refinements are 
added to improve efficiency, the advantage of simplicity 

IS diminished (105. 106). 

Swiss Development — Open Cycle 

The gas turbine now appears ready to compete with 

steam in the large power field Mc»t attention has been 
given to the so-called open cycle, in whicli air is taken 
in at normal pressure, and exhaust from turbine is 
also atmospheric. A I0,000-kw unit has been factory 

tested in Switzerland and units of up to 27.000 kw are 
under design there. These will provide the first oppor¬ 
tunity to subject the gas turbine to operation of the 
kind required in electric utility service, for though a 
4000-kw unit was installed at Neuchatel, Switzerland, 

early in the war, it was rarely used because of lack 

of fuel oil 
The 10,000-kw unit mentioned above will be installed 

in the Filaret station at Bucharest, Romania, where it 

will serve as standby for water power (107). Low-cost 
natural gas will be used for fuel, hence a simple unit of 
relatively low efficiency is employed Size of the unit 
makes it necessary to use two stages of compression and 

expansion, so that intercooling and reheat are employed, 
but there is no regenerator On a factory test using fuel 
oil (gas fuel being unavailable at the factory), the unit 
developed 21 per cent thermal efficiency, figured, accord¬ 

ing to American practice, on high heat value of the 
fuel. A unit of similar size for Lima, Peru, will employ 

a more efficient cycle, with regeneratton, since expensive 
fuel oil will be burned 

A number of uniu rated 1500 to 4000 kw are on 
order for utility and industrial service (108). Two 

laige uniu are to be employed at Beznau, Switzerland, 
as standby to hydroelectric systems during winter months 
when low temperatures keep water frozen and reduce 

run-off. A lS,000-kw unit will be in all essential re- 
specu identical with the Lima machine, the higher rat¬ 
ing being due to lower temperature of the air entering 
the compressors, llie oi;her Beznau unit will be rated 

27,000 kw, it is the laigest gas-turbine unit yet to be 

atttempted (109, 110). 

Swiss Development — Closed Cycle 

All the uniu mentioned above have been purchased 

from one company, Brown Boveri Limited, of Baden, 
Switzerland. Two other Swiss companies are concen¬ 
trating development work on cliowd<yde gas turbine 

uniu, in whidi the main body of wtnrkii^g flnkl remains 
above atmospheric pressure thro^lunirt the prooen. 

Sulier Brothers, of Wintenfainf, Switmiland. have lmde^ 

taken to build a 26.000Aiv wnst this type for a 



Swim utility company (111, 112) Sulzer's work has 
been with a semi-dosed cycle, in which the fuel is burned 

directly in the working fluid Products of combustion 
are removed by dividing the air stream, one part of 
which serves as primary air for the fuel burner, the 
other passing around the combustion chamber, where it 
IS heated by transfer through metal walls The flue-gas 
steam passes through a turbine that turns the com¬ 
pressor supplying fresh air to tlie cycle, and is open to 
the atmosphere at the exhaust The indirectly heated 
air stream runs the load turbine, which also drives the 
main compressor 

A third company, Ksdier-Wyss, located at Zurich, 
Switzerland, has developed a completely closed cycle, 

in which air or any other gfs, such as helium, may be 
heated through a metal surface Gas exhausted from the 
turbine is ccKiled, still under considerable pressure, by 
means of water, also through a metal surface, after 

which It returns to the compressor and repeats the cycle. 

This system loses much of the simplicity of the open 
cycle, but it is ilaimed by the manufacturer that heat 
transfer can l>e effected in smaller and lighter appara¬ 
tus than the boilers and condensers required in steam 
plants Feedwater treatment, scaling, corrosion and 

carry-over troubles arc also eliminated 
A 2000-kw experimental unit has been set up at the 

tscher Wyss factory, under test it showed efficiency com¬ 

parable with some of the most advanced steam plants, 
which are of course much laiger in sire A 12,500 kw 
unit IS now under development, if successful it will 
probably be offeied for cummeitial application Eventu¬ 
ally. however, it is thought that the mam held lor this 

cycle, witli Its relatively high unit manufactuniig cost, 

would be for machines perhaps 50.000 to 100,000 kw in 
size, operating on a base load of expensive loal fuel 

I his capacity range cannot be attained by single open- 
cycle unm under present day limitations (IIS to 116). 
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Comprex 

A device recently developed by Brown Boven, known 
as the "comprex", has been so far applied cmly in an 
experimenul locomotive unit, but is potentially im¬ 
portant in the sutionary power field By this means 
the energy available in heat at temperatures higher than 
the maximum at which turbine-blade matenals will 

stand can be utiliied The device is a rotating pressure 
exchanger, consisting ot a cylinder with tubular pass¬ 

ages arranged spirally about its periphery Low-pressure 

and hot high-pressure gas enter each passage successively 
at one end and leave successively at the opposite end 
In the passageway, compression waves travel back and 

forth at the velocity of sound. By careful timing of 
port openings, through accurate control of speed of 
rotation, the slugs of air leave at high pressure, and 

those of gas at low pressure Intermixture of air with 
gas IS relatively slight Overall effiaency is 69 per cent, 

equivalent to a turbine-compressor combination m 
which each element operates at 8S per cent efficiency 

Because the walls of the passageways are subjected to 

the high temperature of the gat only intermittently, and 
are cooled in between by the relatively cold air, the 
gas can be heated to about 2100 deg. F, compared with 
1100 to 1300 deg. F commonly employed in gas tur¬ 

bines Since gas has a greater specific volume than the 
air, an excess remains, this quantity it mixed with 

sufficient high-pressure air to reduce its temperature to 

a level safe for the turbine. It then passes to a high- 
piessuie stage of the latter, and so increases shaft out¬ 
put, This increase, which is obtained without corre¬ 
spondingly increasing the work of compression, results 
in an increase in net work output and in fuel efficiency 

The complex itself is free-floating, rotated by a small 
auxiliary motor. 

A locomotive unit, similar in size to the 2200-hp ma¬ 

chine built some yean ago for Swiss Federal Railways, 

developed 4000 hp with the comprex added. Its effici¬ 

ency was also increased from 17 per cent to 21 per cent 
(109, 117, 118) 

Manng Development 

Because large power plants for ship propulsion and 

stationary central-station type power plants have in the 

past fidlowed rou^y parallel courses, it is not improper 
to discuH here the gas turbines designed primarily for 

marine use. A small irutallation is being made in Great 

Bniain to act in parallel with Diesel engines (119). 
Other units under construction are intended to serve 

as main propulsion planu. 
One of these is a 70004ip power-gas generator plant 

under oonstruction by Sulser Brothen (120). The power- 

gas genorator consists of an qiposed-piston Diesel driv¬ 
ing a piston-type air compressor to supercharge its own 
combustion air. With zero net output for this combina¬ 

tion, exluiuH from the Diesel cylinder can be delivered 

at high pMssure «id temperature. This gas expanded 
thnugfr a gas tiufbhie is connected only with the useful 
load. Oven^ efBdenc)r is reported about 40 per cent, or 

bilker dun has taaen achieved by any commerdal heat- 
poatiBf installation iwsdt to date, 

Anofhm nnit is madet construction by the Elliott 

Company of Jeannette, Pennsylvania This 2500-hp 
open-cycle unit, to be installed in a Liberty-type freight¬ 
er, dnves a reveruble-pitch propeller through reduction 
gears Difficulty in procuring a suiuble shop has held 

up this work, and it is expected that it will not be 
ready for tesung until some ume this year (121) 

An Elliott experimental unit was tested under Navy 

supervision in 1945 (122 to 125) The new unit u sub¬ 
stantially the same, with ceruin improvements. Two 

stages of compression and expansion are employed, with 
inter-cooler, reheater, and regenerator The compressors 

are of the Lysholm positive-displacement type (126, 127, 
128), having two cylinders, with interlocking spiral 

lobes rotating in opposite directions Efficiency is some¬ 
what lower at rated speed than for the axial type, but 
it remains near maximum value over a broader speed 
range It has a distinct advantage from this point of 
view for all variable-speed propulsion applicauons, but 
would not be employed in a consunt-speed unit, for 
driving an alternaung-cuirent electric generator. 

A S500-hp experimental unit designed and bmlt by 
Allis-Charlmers Manufacturing Company has been tested 
by the Navy at Annapolis (129 to 132). Operation was 
earned out with temperature gradually increased to 

1500 deg F. the design point No report of efficiency 
attained has, to the writer’s knowledge, been published. 

Locomotive Applications 

A number of oil-fired gas turbines are to be built for 

iocomouve use. Great Western Railway of England 
has two on order from Brown Boven (IBS) and Metro- 
poliun-Vickers (134) respectively In the United States, 
Elliott Company is supplying the power plant for a 
Baldwin locomotive for the Santa Fe (135), while Union 

Paafic IS adapting a Northrop-Hendy aviauon unit for 
locomotive use (136). 

Potenualiy the most important project under way, 

jiarticularly as regards its ultimate application in sta¬ 

tionary jwwer planu, is the coal-fired gas-turbine locomo- 
uve being worked out by Locomotive Development Com¬ 

mittee (137 to 140). Coal would be pulverized in a 
novel manner, by being carried in a stream of com- 
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pressed air through a nozzle (141). The rapid drop in 
pressure causes the air held in internal passages of the 
coal particles to expand rapidly, shattering the pieces 
Air and powdered coal will then be burned in the pres¬ 
surized combustion chamber of a gas-turbine set The 
high-temperature stream will be put through a senes 

of cyclone separators to remove flyash, before passing 
through the turbine. 

Two expenmental coal-fired locomotives are to be 

built, the power uniu to be furnished by Elliott Com¬ 
pany and Allis-Chalmers Manufactunng Company, re¬ 

spectively. Both units will develop 3750 hp and em¬ 
ploy similar cycles, but the Allis-Chalmers will employ 

more stages of blading in compressor and turbine, giv¬ 
ing slighdy higher efficiency, along with greater weight 
and greater volume (141) 

Status of New Development 

So far the gas turbine has had its largest field of ap¬ 

plication for the jet propulsion of airplanes. Some work 
has also been done with gas turbines driving propellers, 

and with combinauon of propeller and jet These ap¬ 
plications, though of great general interest, are far 

afield from stationary power applications, and will there¬ 
fore not be discussed in this issue of THE INTER¬ 

NATIONAL INDUSTRY YEARBOOK 

Large steam turbine manufacturers in many countnes 
are far behind in filling orden for convenuonal power- 

generaung equipment, and are unable to devote con¬ 
siderable manpower or shop space to new development 
work. Expenmental units for shop tests have been built 

by several companies These are all simple open-cyde 
units designed primarily for locomotive use, but readily 

adaptable for stationary service (142 to 146). 

An interesting cycle, if fur no other reason than be¬ 
cause of Its complexity, is under development in France 

(147). This is the Mercier "Equipressure" cyde. Inter¬ 

nal-combustion engines are employed to superchaige air 

in four cylinders; the first to supply the driving engines, 
and the remaining three, in senes, to produce air at 

1200 to 1400 lbs. per sq. in High-pressure air is heated 
in an airheater and it then supports combustion of fuel 
(liquid or solid) in a pressunzed boiler The cyde is 

named equtpressure because gas and steam are produced 

in this boiler at the same prenure The gas is then ex¬ 
panded in a gas turbine, and the steam in a steam tur¬ 

bine on the same shaft. (148 to 161). 

The feedwater cycle begins with condensate being 

employed in the compressor intercoolers, next, two 
ble^ heaters are inserted, after which the water passes 

through the engine exhaust jacket and airheater jadtet 

to a third bleed heater Part of the feedwater is flashed 

followi;^ passage through the exhaust jacket; this 
flashed steam is superheated in a coil inserted in the air- 

heater, then enters a low-pressure stage of the steam 
turbine. Engine exhaust, after releasing part of iu heat 

in the airheater, enters a low-pressure stage of the gas 
turbine. The major advantage of the cyde is the wider 

range of fuels that can be employed, conqiared with 
other high'«flidency types of plant: tome light oil it, 

however, required for the supercharging engines. 

HYDROELECTRIC STATIONS 
No matter what extreme of pressure, temperature or 

velocity the steam plant designer may employ, he can¬ 
not capture public imagination m anywhere near the 

same degree as the hydroelectric engineer There is 
something about the mass, the individuality, and often 
the physical beauty of a water-power development that 

cannot fail to arouse interest While the steam man 
takes pride in the compactness of his design, and its 
flexibility for reproduction witli mcxlerate adaptation 

under a variety of geographical conditions, the hydraulic 
engineer is compelled by circumsunces to quote quan- 

uties in millions of cubic yards, billions of gallons or 
hundreds of square miles, and to develop designs based 
on the peculianties of a particular site 

One of the most recent, and by far die most stagger¬ 
ing, of these speculations is for a gigantic development 

on the Yangtze River at Ichang Gorge (162, 163, 164). 
The dam will be the world’s highest and most massive, 
and the power plant will ultimately develop more than 

10 million kilowatts—sufficient at 50 per cent capaaty 
factor to about equal the 1946 consumption of electnc 

power in all Great Britain. 

A fourth dam on the lower Colorado River in Arizona 

IS planned to go 118 miles above Hoover Dam. at Bridge 

Canyon (165) The arch-gravity dam will be 736 ft 
high, ancl the power installation, consisting of six 

125,000 kva generators rated 560 ft head and 180 rpm, 

will be housed in a cavity inside the dam. 

An interesung case is the hydro development at Lake 

Sevan in Armenia (166) Because of dry atmosphere, 

high altitude (7000 ft.) and small inflow, the entire 
inflow to the lake is normally evaporated from the 600 

sq mile surface. In order to obtain power output from 

the outflow to the Zanga River, die lake level will be 
lowered 175 ft, to reduce the surface from which 

evaporation can take place—thus reversing the normal 

procedure of raising level to increase head. 

In a number of countries where fuel resources are 

lacking or undeveloped, and transportation facilities 
meager, the principal means to improved hving stand¬ 

ards he in developing hydroelectric resources to provide 
power for industry. This is the case in China, as men¬ 

tioned above, as well as in India (167), Mexico (168), 

and Egypt (169) 

Imporunt hydro developments are being made in 

Canada (170, 171, 172) and in Switzerland (173) 
Pumped storage has been used to a moderate extent in 

Swiss developmenu (173, 174.). The Federal Power 
Commission of the United Sutes has completed a hydro 

survey of soutlieastern Alaska (175), and plans for de¬ 

velopment of the Missouri Basin have been formulated 

(176 to 182). 

MISCELLANEOUS PRIME MOVERS 

Mercury Plants 

The mercury-tteam bia^ vapor cycle hat been de¬ 

veloped over the past twenty yean in three fuU-iiae in- 

tullations at Scfaenecudy, New YorE, Hartford, Con¬ 

necticut, and Kearliy. Jericy. 'Dwie are among 



the moat efficient heal engines now in exiatcncc, aur- 

passing all but the moat modern steam-turbine units in 
regular operation Under test conditions they compare 

favorably with the best in Diesel engines 
Several standard-design mercury units have been of¬ 

fered by the General Electric Company, rated 5000, 7500 
and 15,000 kw In addition to electric output, the units 

produce steam at high pressure and temperature, that 
can be used to supply existing steam turbines, providing 

a topping installation with high efficiency The fint of 
these units will be installed at the Company's plant in 
Pittsfield, Massachusetts, and another insuitlalion will 

be made at I’orismoutii, New Hampsliire 

Solai Energy 
Elementary textbooks on physics customarily point 

out the enormous amount of energy in solar radiation 
For example, on one square mile of horizontal surface, 
at noon in mid-summer, there would be incident sufh- 
cient energy to produce, at 100 per cent conversion 

eiiiaency, about 2,000,000 kw. Thus the eneigy absorbed 
at the surface of a large reservoir is many times greater 

than that developed by passing the contenu of the 

reservoir tlitough water wheels The difficulty of con- 
cenuating solar energy at a temperature sufficiently high 
to permit generation of even mcxlerate amounts of 
power, prevents utilization of this remarkable potential 

source of power. 
At the Tashkent cannery in Siberia, Russian engineers 

have built the first solar power plant designed lor in¬ 
dustrial UK. Parabolic mirrors 80 meters in diameter 

are used to focus the radiation, and are said to produce 
steam at pressures and temperatures suitable tor power 

genm^iion <183, 184). 

Wind Tuibtnes 

The first wind turbine to produce eneigy for a large 
interconnected power system was completed in 1941 at 
Grandpa's Knob, 'Vermont The 100 kw unit, which 

had a two-bladed propcilei oi 165-ft total span, oper¬ 
ated successfully for Kveral years, with an amount ol 
maintenance not excessive, in view of its experimental 
nature During 1945, however, a particularly heavy wind 

broke off one of tlie blades, and the unit has not yet 
been returned to Krvice A new plant ot twice the 
capacity has, however, been designed, and it is planned 
that tins will be installed at a suitable location in Vci- 
mont (185 to 168). 

GENERATORS 

Hydrogen Cooling 
Nearly all large high-speed generators are now cooled 

by hydrogen gas in a cloKd system, the hydrogen being 
recooled in surface-type raw-water heat exchangers 

Newer macliines are designed for 15 lbs. per sq in. gage 
hydrogen pressure, thus pennitting about 16 per cent 
increaK in kva rating for carrying peak loads with low 
posver factor. AIEE-ASME Preferred Standards specify 

hydrogen cooling for units 20,000 kw and up, but non¬ 
standard units as small as 15,000 kw have been built 

with this system. 
Hydrogen gas has much higher heat capacity pei 

unit of weight than air, thus offKtting us low density 
for effectiveness as a heat transfer medium. The lofv 
density results in low windage loss, improving genera¬ 

tor efficiency. The improved cooling that results is an 
important factor in permitting the increaK in speed 

of very laige generators from 1800 to 3600 rpm (189, 
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190). Liquid cooling of generator! has even been sug¬ 

gested (191). 

High Speed 

With alternating current used almost universally, 

speed of rotation of a generator is limited by the fre¬ 
quency employed. For many years the largest steam- 
turbine driven generators were of 4-pole design, rotating 

at 1800 rpm to produce 60<yde current, or 1500 rpm 

where 50 cycles was sundard Two-pole machines, run¬ 
ning at 5600 and 3000 rpm, respectively, were employed 
in smaller machines, the maximum size increasing rapid¬ 

ly at designs were improved 

One of the problems encountered in the two-pole 
design was the so-called double-frequency vibration 
Rotors of two-pole machines are normally rigid in only 
one plane, whereas those of four-pole machines are 
rigid in two planes The major improvement made to 
reduce vibration was achieved by slotting the rotor to 

reduce rigidity in the plane of the poles, in order to 
equaliK conditions with respect to the other plane 

(189, 190). Generaton up to 100,000 kw. capacity are 

now being built to run at 3600 rpm 

Excttation 
The standard method of exaution for power genera¬ 

tors IS the direct-connected excitation generator, which 
in turn is excited by means of a direct-connected pilot 
exciter Some development work has been done with 

electronic exciters, that is, vacuum tube rectifiers, par¬ 
ticularly at Springdale Station of West Penn Power 

Company (192, 193. 194). 

Illustrations for this chapter were obtained 

through the courtesy of the United States Alomu 
Energy Commission, Federal Power Commission 
for Natural Gas Investigation, American Society 
of Mechanical Engineers, American Institute of 
Electrical Engineers, Westinghouse Electric Corp., 
General Electric Co, Allis-Chalmers Manufacturing 
Co., Brown Boveri Corp., Elliott Co, Escker Wyss, 
British Information Services, and Worthington 
Pump & Machinery Corp 

(1) Atomic Power Will Fuel Electric Plant 
Electrical World. 126:3, April, 1946 

(2) Atomic Pilot Power Plant Scheduled for 1948, Elec¬ 
trical World. 126:79 

(8) Smyth, H. D., General Account of the Development of 
Uslnf Atomic Power for Military Purpoeea Under the 
Auspices of the United States Government. 1949-1948, 
Superintendent of Oocnmanta, U. 8. Printing Offlce, 
WashinkoD, O. C., p. 182, 1946. 

(4) Facts About Atomic Power, Electronics, 18:238, Sep¬ 
tember 1946 

(6) Setts, Frederick, The Relations Between Energy and 
Mass, Westinghouae Ei^neer, p. 36, March, 1946 

(6) Hogerton, J. F., Oak Ridge Gives Industry a Unit 
Operation; Gas Diffusion, Chemlcsl and Mctallargleal 
Enginooring, 62:98, 1946. 

(7) Fox, M. C., Thermal Diffusion as an Adjunct of Elec- 

LIST OF REFERENCES 

at Oak Ridge, 

(17) 

October, 1946. 
(24)M«rp|^- J,. Development ef Momic Bnei 

Mows, 641182, 

1946, also. Iron Age, 167:108, May 16, 1946. 
(26) Bidinoff, M L., Uranium Fission, Discoveries Leading 

to a Chain Reaction, Journal of Chemical Bdneatlon, 
23:60, February, 1946 

(27) Atomic Energy, Its Future and Yours, Electrical 
World. 127:101, March 16, 1947. 

(28) Faldnsr, A. C, The National Fuel Reserves and Their 
Relation to the Future Supply of Liquid Fuels, Me- 
duialeal Engineering. Marek, 1947. 

(29) Deegan, C. J, Proven Reserves Increase Despite 
Record Output, Oil and Gas Journal, 46:164, January 
26, 1947. 

(SO) Recent Developments in Fuel Technology, Chemical 

of the Naval Research Laboratories, C,__ 
Metallnrglcal Engineering. 62:102, December. 1946. 

(8) Element No. 94; Plutonium from Uranium, Busincas 
Week, p 81, August 18, 1946. 

(9) Callahan, J R., How Hanford Solved the Problem of 
Synthesising an Element, Chemical sad Metallurgical 
Sneering, 62:106, September, 1946. 

(10) Design for Ramesslng Atom to Wheels of Industry, 
Busiacaa Week, p. 17, November 23, 1946. 

(11) The Atomic Energy Commission, Chemical and Engi¬ 
neering News, p. 604, February 84, 1947. 

(12) Nuclear Power; With Diagram of Power Pile, sus^ 
gestad by F. Daniels, Metals Ptugreas, 60:1204, De¬ 
cember, 1946. 

(15) Bowen, H G., Nuclear Energy as a Power Source, 
Mechanical Engineering, p. 779, September, 1946. 

(14) Atomic Powerftoduction, Electrical World, p. 68, Oc¬ 
tober 86, 1946; p. 90, November 9, 1946. 

(16) Atomic Energy—Its Future in Power Productions, 
Chemical Engineering, p. 18A October, 1946. 

(16) Wagner, C. F., and J. A. Hutchinson, Will Atomic 
Power Pay, Power Plant Ehgineeriag, October, 1946. 
Nuclear Eiergy (abstract), Moehaaicsl Engineering, 
n. 986, Noveinber, 1946. 

, __ _ , -Jiderground Gas 
Csnadlan Chemistry and Process li 
June, 1946. 

(38) Research on the 
Coal and 

n. 086, Nov_ 
(18) Baker, A. L., Nuclear Energy, Modmnlcal Engineering, 

p. 778, September. 1946. 
) Fermi, E., Future of Atomic Energy: Power Phase, 

dimieal and Engtnoering Nows, 84:1867, May 86, 
(19) 

(20) Army Reveals Status of Atomic Power Developments, 
Iron Age, 168:187, December 18, 1946. 

(81) New Laboratory Unit at Hanford, Seionco, J04:4M, 
November 1, tM, 

(88) Prospectus on Atomic Power; with Cost Data, Elec¬ 
trical West, 97:66, November, 1946. 

(88) Kramer. A, W., Development of Atonic Energy, 
ftwer Plant Engtaeoringk series of articles beginning 

on the Hydrogenation and Liquefaction of 
Lignite, Bureau of Mines Tednical. Paper, 

coo. 
(34) Wilson, R. E, Liquid Fuel Production from Non- 

Petroleum Sources, National Petroleum News, Sep¬ 
tember 6, 1944. 

(86) Keith, P. C., Gasoline from Natural Gas, American 
Gas Assoeiatlon Monthly, 28:863, June, 1948. 

(86) Keith. P. C., Synthetic Fuels Promise to Bolster 
Petroleum Reserves, Chemlcsl Baginoerlng. 63:101, 
December, 1946. 

(87) Sherman, R. A., Fuels of the Future, presented be¬ 
fore the Chicaire Section and Regional Meeting, Amer¬ 
ican Society of Mechanical Engineers, Chicago, Illi¬ 
nois, October 17, 1948. 

(88) Sherman, R. A., Energy Sources of Tomorrow, pre¬ 
sented at the session on *70010 and Combustion* at 
the Midwest Power Conference, Chicago, Illinois, 
^ril 1, 1947. 

(89) Flagg, S. B., Oar Fuel Supply—A Look Ahead, Me- 
chaalcal Bngiaaeriag. 89:181, February, 1947. 

(40) Hensell, mTp., CoiJ Handling; Use o/ Bulldosers at 
Generating Stations, Electrical Bovlew (London), 
1891888, Novamber 68, 1948. 

(41) Drabella, J. M., Burning Low-grade Midwestern Coals 
on Spreader Stokers, jtaper given at semi-annual 
meeting of American Society of Meehanieal Engi- 
neersTDetroiL Michigan, Jane, 1948. 

(48) Qransrt, A. E., Ludi^ Skog. and L S. WUcoxson. 
ne^^sental Cyclene Burner, Tranadetlana S 

ssisru.r-' ^ 
(46)___ 

lean taelstr a 
(44) BmHhrirL.. 

tic Bnetgy, 
Jannary 66, 

Blowers at His 
BtaMsM, pw 

W») SraSto.’VjL, 
rssMse-Ebsslea ;visr, 



POWER INDUSTRY 351 

UtiiiK VmlveB, paper civen at annual meeting of 
American Society of Mechanical Engineers, New York, 
New York, December, 1046 

(46) Powell, S. T., Acid-Cleaning of Boilers and Auxiliary 
Equipment, paper for semi-annual meeting of Amer¬ 
ican Society of Mechanical Engineers, Detroit, Mich¬ 
igan, June, 1646. 

(47) Armor, H. C, Investigations of Acid Attack on 
Boilers and the Effect of Repeated Acid Cleaning on 
the Metal, paper for annual meeting of American 
Society of Mechanical Engineers, New York, N Y., 
December, 1946 

(48) Hoyt, L. S., and A. M. Hall, Continuation of EEI- 
AEIC Investigation on Graphltlsatlon of Piping, 
paper for annual meeting of American Society of Me¬ 
chanical Engineers, New York, New York, December. 
1946 

(49) Rochrigand, I A., and A McCutcheon, Influence of 
Post-TV eld Heat Treatment on Graphltixation, paper 
for annual meeting of American Society of Mechan¬ 
ical Engineers, New York, N. Y., December, 1946 

(60) Conant, W G., and W A Reich, Graphltixation Studies 
of Materials for High-Temperature Service in Steam 
Plants, paper for annual meeting of American Society 
of Mechanical Engineers, New York, N. Y., December. 
1946 

(61) Hopping, E L, and A L White, Report on Graphiti- 
xation Studies on High-Temperature Welded Piping 
of the Philadelphia Electric Company, paper for 
annual meeting of American Society of Mechanical 
Engineers, New York, N Y., December, 1946 

(62) di Lorenzi, Otto, Methods of Firing Pulverised Coal, 
paper given at Midwest Power Conference, Chicago, 
Illinois, April, 1947 

(63) Foley, R. B, Terminal Velocity as a Measure of Dust 
Particle Characteristics, paper given at semi-annual 
meeting of American Society of Mechanical Engi¬ 
neers, Detroit, Michigan, June, 1946. 

(64) Harkinson, L E, and M. D Baker, Corrosion and 
Embuttlement of Boiler Metal at 1860 Pounds Oper¬ 
ating Pressure, paper given at annual meeting of 
American Society of Mecnanical Engineers, New York, 
N Y, December, 1946 

(66) Mitsch, £ H , and B J. Yeager, Experience with In- 
ternal-Boiler-Surfsce Corrosion at West End Station, 
paper given at annual meeting of American Society 
of Mechanical Engineers, New York, N Y., Decem¬ 
ber, 1946. 

(66) Kuhner, M H, Boiler Design for Extreme Load 
Variation, paper for semi-annual meeting of Amer¬ 
ican Society of Mechanical Engineers, Detroit, Mich¬ 
igan, June, 1946. 

(67) Preferred Standards for Condensing Steam Turbine 
Generators, issued jointly by American Institute Elec¬ 
trical Engineers and American Society of Mechanical 
Engineers. 

(68) Carlson, J R., Standardized Turbine-Generator Units, 
Power Plant Engineering, 61:127, March, 1947 

(69) Campbell, C. B., Trends in Steam-Turbine Develop¬ 
ments, Weatlnghouae Engineer, 7:79, May, 1947 

(60) Sporn, P., One Thousand F; New High in Steam Tem¬ 
perature, Electrical World, 126:60, August 17, 1946. 

(61) Electrical Developments of 1946, booklet issued by 
General Electric Company. 

(62) Bartlett, O., Electrical and Allied Developments of 
1946, General Electric Review, 60:16, January, 1947. 

(68) Johnson, E. E., What’s New in Power GenerationT, 
CombuoUon, p. 41, June, 1947 

(64) Recent Advances in S600-rpm Turbine-Generators, 
Electrical Engineering, 66:362, April, 1947. 

(65) Modern Plant Survey, Power, p. 371, June, 1946. 
(66) Annual SUtlstieal Issue, Elactrleal World, January, 

1947. 
(67) Statistical Data, Combustion, January, 1947. 
(68) Power—Where Do Wo Go from HereT, Mechanical 

Bn^noerlng, p. 1032, December, 1946. 
(68) Bennlon, H. S., Trends in Electric Power Suppiy, 

paper for Midwest Power Conference, Chicago, Illi¬ 
nois, March, 1947. 

(70) BriUitt Adda SJUHJWO Rw to Grid System, Power, 
p. 86, June, 1947. 

(71) USSR to Double Prewar Power Capacity by 1060, 
Power, 90il6, January, 1946. 

(78) Falkner, J. F., R. S. WlllUms and R. H. Hare, Quick 
Tarblno Starts Cut Costs, Electrical World, p. 98, 
July 19, 1947: also, Godsbaation, 14:81, August, 1947. 

(78) Bansan. R. E.. riid L. Elliott, Minimum Housing Bm- 
nloyod for Low-Oost Houaton Plant, Electrical World. 

(74) OoLun, V. E., W. Friend, and L. Elliott, Semi- 
Outdoor Steam Plants. CosabnaMosk 17:38, April, 1946. 

ass?* jy*** **• ^ 
(tS) Meor^A. it,,^Tltoo>oWieal' %pwerattTo-8taain-Cycle 

(77) Hansen, R. E., Irreversibility in the Theoretical Re¬ 
generative Steam Cycle, Ibtd^ 67:667, October, 1046. 

(78) High-Pressure Floating Power Plants, Marina Engi¬ 
neering and Shipping Review, 60:138, September, 1946. 

(79) Callahan, S. J., U. S. Floating Power Plants in Bel¬ 
gium, Civil Engineering, 16:616, November, 1946 

(80) 10,000 Kw Railway Mounted Mobile Steam Power 
Plant for U. 8 Navy Department, Bureau of Yards 
and Docks, Tranoactlons of the American Society of 
Mechanical Engineers, 67:141, April. 1946 

(81) Laffoon, C. M., Power Trams, Power Plant Bngineor- 
lag, p 81, July, 1944; also, Power, p 441, July. 1944. 

(88) Rail Power Trains for War Theaters, Electrical 
World. 122:68, July 28, 1944. 

(88) A 600U-kw Standard Power Plant, Mechanical Engi¬ 
neering, 63:907, October, 1946 

(84) Package Type, Worthington, Power Plant; Worthing¬ 
ton Pump and Machinery Corp, Bulletin No WP- 
1090-860 

(86) Hell Gate Boiler Operator Observes Water Level by 
'Television, Power Plant Bnglnerlng, 61:180, April, 
1947; also, Remote Viewer Represents Television’s 
Entry into Industry, Seientifle American, 176:126, 
March, 1947 

(86) Rowley, L. N., B G A. Skrotski and W A. Vopat, 
Steam 'Turbines, Power, p 66, December, 1946. 

(87) Steam Generation, Power, p. 64 ( 806), December, 1946. 
(88) Skrotski, B G A , Central Station Capacity Continues 

Expansion, Power, p 64, January, 1946, 
(80) Central Station Industry, Power Plant Engineering, 

61:73, March, 1947. 
(90) Monteith, A C, Progress in Power Apparatus De¬ 

velopment, Edison Electric institute Bulletin, 13:169, 
June, 1946. 

(91) Higei, H, Magnetic and Fluorescent inspections Pre¬ 
vent Service Fsilure for Turbine Blades and Other 
Machinery Parts, Power, 89:801, May, 1946. 

(92) Mobile Power Stations for USSR, Engineer. 179:268, 
April 13, Ibid., p 317, April 20, 1946. 

(93) Mobile Power Plants fur Service Abroad, Combustion, 
16.32, July. 1944 

(94) Supercharging Gas-Burning Diesel Yields Maximum 
Performance, Power, p 896, June, 1947 

(96) First Supercharged Diesel REA Plant in Michigan, 
Dleecl Power, 23.1380, November, 1646 

(96) Menasha Municipal Plant Installs First Supercharged 
Intereoolsd Diesel, Power, 90-449, July, 1946 

(97) Boyer, Ralph, Gas-Diesel Principle Applied to Super¬ 
charged end 2-Cycle Engines, Ibid., 90.9, January, 
1946 

(98) Details of a Small Diesel Designed for Air Cooling, 
Product Engineering, 18:88, March, 1947 

(99) Adjustable Air Cooling for Diesel Engine, Ibid, 18:101, 
April, 1947. 

(100) Can Medium-Speed Diesel Engines Take ItT Six-Year 
Operating Experience at Siloam Springs, Arkansas, 
Dieeel Power, 26:64, February, 1947. 

(101) Army Engineers Develop Floating Power Plant, Civil 
Engineering, 16:841, July, 1946. 

(102) Skid-mounted Diesel-Electrical Units, Diesel Power, 
28:669, May, 1946 

(103) The Charging of Four-Stroke-Cycle Marine Diesel 
Engines, Brawn Boveri Review, p. 800, September- 
October, 1942. 

(104) Schweitzer, P. H., More Hp per Rb of Diesel, Power, 
September-October, 1948 

(106) Salisbury, J K , The Basie Gas-Turbine Plant and 
Some of Its Variants, General Electric Review, p. 88, 
May, 1944 

(106) Sawyer, R T, The Modern Gas Turbine, Prentice- 
Hall, Inc, New York, 1947. 

(107) A 10,000-kw Gas Turbine Set, Combnation, p. 66, 
October, 1646. 

(108) Pfenninger, H., Gas-Turbine Test Results Show Ac¬ 
tual Performance Better Than Guaranteed, Power, 
p. 288, April, 1947. 

(109) Sidler, P., Recent Gas-Turbine Developments at 
Brown Boveri, paper for Midwest Power Conference, 
Chicago, Illinois, April, 1947 

(110) Meyer, A, Swiss Develop New Gas-Turbine Units, 
Eicctrical W«rl4, p. 89, January 4, 1947. 

(111) Swiss Build 20,000-kw Semiclosed Gas Turbine, Power, 
p. 489, June, 1947. 

(112) Tucker,'8. A., Free-Piaton Compressor Work Heads 
to New Semiclosed-Cycle Development, Ibid,, p. 894, 
May. 1946. 

(113) Keller, C.,The Eocher-Wyss AK Closed-Cycle Turbine. 
Transactions of the American Society of Meehanleri 
Bngliieern, p. 791, November, 1946 

(114) Closed-Cycle Gas Turbine Looks to Further Develop¬ 
ment, Power, p. 87, January, 1946. 

(118) Performance TesU of 2000-kw Closed-Cycle Unit, 
IMd„ p. 618, August, 1945. 

(116) Peacticai Gas Turbine PlsnU Tested, lbid„ p. 916, 



352 INTERNATIONAL INDUSTRY YEARBCK)K 

(117) N«w Locomotive Power Plant and Lareeet Turbine 
Under Teat, Ibid., p. 612, September, 1946. 

(116) Meyer, A., Recent Developments in Gas Turbines. 
Mechanlcat Enclneer. p. 273, April, 1947. 

(119) Gas Turbo-Electric Ship, Electrical Review, p. 378, 
March 7, 1947 

(120) Tucker, S. A., Four Years of Swiss Research Reveal 
New Power Patterns, Power, p. 716, November, 1946 

(121) Winship, S. W., 1st Gaa-Turbine Ship Is Facing Delay 
to 1948, New York Herald Tribune, Section IIMV, 
p. 12, Sunday, April 13, 1647. 

(122) Soderbera, C R, R B Smith, and A T Scott. A 
Marine (fas Turbine Plant, paper for Society of Naval 
Architects and Marine Engineers, November, 1946. 

(128) Gas Turbine for Ship Drive and Packaged Power, 
Electrical World, p. 76, September, 1946 

(124) Design of Marine Rotary-Compressor Power Unit, 
Power, p 612, August, 1946 

(126) The Gas Turbine—New Magic from an Old Idea, 
Inco Magasine, 20:4, Winter Edition, 1946-1946. 

(126) Lysholm, A., R B. Smith, and W. A. Wilson, The 
Elliott-Lysholm Supercharger, 8AE Journal, 61:193, 
June, 1943 

(127) Lysholm, A J. R, A New Rotary Compressor, Insti¬ 
tute of Mechanical Engineers Journal A Proccedinga, 
160:11, November, 1943 

(128) Wilson, W A, and J W. Crocker, Fundamentals of 
the Elliott-Lysholm Compressor, paper for American 
Society of Mechanical Engineers, November, 1946 

(129) Rettahata, J. T., and W. B. Tucker, Gas Turbine Teat 
Run Sets Record, Electric Light and Power, p. 46, 
May, 1946 

(ISO) Experimental 1600-F Unit at Annapolis Yields Val¬ 
uable High-Temperature Data, Power, p 290, May, 
1946. 

(131) Gas Turbine Under Teat by the Navy, Combustion, 
p. 31, May, 1946. 

(132) Hughes, A D, Design and Operation of Some Experi¬ 
mental High-Temperature Gas Turbine Units, Trans¬ 
actions of American Society of Mechanical Engineers, 
69:649, August, 1947. 

(183) Gas-Turbine Locomotive, Electrical Review (London), 
p. 966, December IS, 1946 

(184) Gaa-Turbine Electric Locomotive, Ibid., p 166, Janu¬ 
ary 24, 1947 

(136) Gas-Turbine Locomotive, National Petroleum News, 
p. 24, February 8, 1947 

(186) Flying Gas Turbines Help Develop Earth-Bound Nuts, 
Power, p. 380, May, 1947 

(187) Yellott, J. 1, The Gas Turbine Looks to Coal, Ibid., 
p. 609, August, 1946 

(188) Coal-Burning Gas Turbine, Marine Engineering, 61: 
103, December, 1946. 

(189) Yellott, J I., and A. D Singh, Coal as Fuel for the 
Gas Turbine, Illinois Tech. Engineer, p. 23, Summer, 
1646. 

(140) Coal-Fired Gas Turbine Prospect Bright, Power, 
p. 167, March, 1946 

(141) Rowley, L. N., and B. G. A Skrotski, Gas Turbines. 
IbM, p. 667, October. 1946 

(142) Howard, A., Newest 4800-hp Gas Turbine, Eloctrical 
World, p. 87, July 6, 1947 

(143) New 4800-hp 1400 F Gas Turbine Marked by Sim¬ 
plicity of Design, Power, p 622, August, 1947 

(144) Puts, T. J., Prototype for lS60-Degree (jss Turbines, 
Electrical World, p 109, December 7, 1946. 

(146) Puts, T. J., A Compact Iiocomotive-Type Gas Tur¬ 
bine, Westlnghouse Enihneer. p. 86, March, 1947 

(146) 2000-hp Gas Turbine Generator Set, paper for Amer¬ 
ican Soc'-*- -1 »»--<- -1 - 
1946 
lean Society of Mechanical Engineers, December, 

(167) Operating Experience with Gas Turbines in Refinery 
Service, Power, p. 618, August, 1946. 

(168) New Developments in Gas Turbines and Boiler-Plant 
Practice Reported, Ibid., p 628, August, 1946 

(169) Zimmerman, R H., and C A. Norman, Gas Turbines 
with Water Injection, paper for American Society of 
Mechanical Engineers, December, 1946. 

(160) Kleinschmidt, R V., The Value of Wet Compression 
in Gas-Turbine Cycles, pwer for American Society 
of Mechanical Engineers, December, 1946 

(161) Meyers, M A., and W W Carter, The Elbow Com¬ 
bustion Chamber, paper for American Society of 
Mechanical Enginers, November, 1946 

(162) China Plana World’s Largest Hydroelectric Power 
Project, Power, p 610, September, 1946 

(163) China Plans Huge Hydroelectric Plant, Concrete, 
64.6, June, 1946 

(164) China Plana an Unprecedented Dam for Power, Irri¬ 
gation and Navigation on the Yangtse River, Engi¬ 
neering News Record. 136:310, February 28, 1946 

(166) Bridge Canyon Dam, Bi»er than Boulder, Power 
Plant Engineering, 49:80, October, 1946. 

(166) USSR Cuts Lake's Evaporation to Increase Hydro 
Power Generation, Power, 91:110, February, 1947 

(167) Van Denbu», J K, India Stakes Her Economic 
Future on Hydroelectric Development, Ibid., 91:810, 
May. 1947 

(168) Mexico Pushes Power Development to Raise Her 
Standard of Living, Ibid., 91:628, August, 1947 

(169) Egyptian Hydroeleetne Station Planned at Aswan 
Dam, Mechanical Engineering, 68:829, September, 
1946 

(170) Hydroelectric Progress in Canada, Engineering, 163: 
272, April 4. 1947 

(171) Canadian Hydro Practice Reviewed at American In¬ 
stitute of Electrical Engineers’ Summer Meeting, 
Power, 91.663, August, 1947 

(172) Water Power in Canada, Electrical Review (London), 
140.629, April 4, 1947 

(173) Pumped Storage Plant at Pain Generating Station, 
Engineering, 161 636, June 7, 1946 

(174) Switserland Plans Power Expansion, Power, p 699, 
September, 1946 

(176) FPC Survey Finds 228 Hydro Sites in S E. Alaska, 
Electrical World, 127:4, May 3, 1947 

(176) Greene, B H, Development of the Missouri Basin, 
Electrical Engineering, 66 140, February, 1947 

(177) $2 Billion Program Begun on Missouri River Basin, 
Engineering News, 136.627, April 18, 1946 

(178) Hana, L. H., Progress in Hydroelectric Development, 
Jonmal of Weatern Society of Engineers, 61:148, 
September, 1946 

(179) Wiersema, H., Kentucky Dam on the Tennessee River, 
Engineering, 161:886, April 28,1946. 

(180) Pals, G. P., and C. R. Marks, Desin of Hydro¬ 
electric Stations, American Society of Conafructionai 
Engineers Prace^lnga, 71:1209, October, 1946 

(181) Status of Major Projects, Engineering News Record, 
186:234, February 7, 1946. 

(182) Annett, F. A, Hydroelectric Projects Built or on 
Order in 1941-1946, Power. 90:886, June, 1946. 

(183) USSR Tashkent Plant Uses Solar Energy, Ibid., 90: 
23, January, 1946. 

(184) Sun Heat; Russians Develop 29.4 lb. Steam with Sun 
and Mirrors, Heating and Ventilating, 48:92, June, 
1946. 

(186) New-Wind Power Unit Planned for Vermont, Elec- 
trieal World, 126:7, February 23, 1946; alao. Power, 
90:271, April, 1946. 

(186) Wind Turbines Seen Cheap Power Source, Engineer¬ 
ing News Record. 187:160, August 8, 1946. 

11. IM,, ud SmI.1. d’En-.nnnm.n ■ nldutri. “^“J*?** "J™* 
Nationals, May 8, 1047. 

(148) Warren, G B., Potentialities, Limitations of the Com¬ 
bustion Gas Turbine, Electrical World, p. 83, Oc¬ 
tober 28, 1944. 

(149) Fischer, F. K., Combustion Gas Turbine a Promis¬ 
ing Prime Mover, Ibid., p. 1682, April 29, 1944. 

(160) Fischer, F K., and C. A. Meyer, The Gas Turbine— 
Harness for Hot Air, WostiiwliMse B^neer, p. 78, 
May, 1944. 

(161) Coal Pulverised by Steam Expansion, Power, p. 916, 
Mid-December, 1046. 

(162) Blast-Furnace Blowers Driven by Gas Turbines, Stool, 
114:122, June 6. 1944. ^ 

(168) PfenninMr, H.. Where Gas Turbines Will Fit in 
Future Power Fields, Power, p. 728, November, 1946; 
p. 84, January, 1947. 

(164) Rowley, L. N., and B. G. A. Skrotski, One Turbine 
Possibilities in the Stationary Power Plant Field, 
Ibid., p. 898, June, 1947. 

(166) Oas-Turbine Electric Locomotive, Blectrleni Engl* 
aeering, p. 488, May, 1947. 

(166) Gas-Tnrbltte Developments in 1946, Bnilnew. 188:18, 
Jannaqr 8, 1947. 

(189) Laffon, C. M, The Stetns of Largs Generators, West- 
inghonse Engineer, V7, May, 1947. 

(190) Recent Advances in 8600-rpm Turbine-Generators, 
Electrical Engineering, fiSiSK, April, 1947. 

(101) Fechheimer, C. J., Liquid Cooling of Turbine-Gen¬ 
erators, Electrical Worn, 126:91, July 6, 1946. 

(192) Langstaff, H. A. P., and others, ^plication and Per¬ 
formance of Electronic Exciters for Imrge A-C Gen¬ 
erators, Electrical Eng^oarlag, Vol. 66, Transactions 
Sections, p. 246, May, 1946. 

(198) Lsngsteff, H. A. P., and E. F. Lawrence, Electronic 
Exritar for 81 860-bva Tarbo-Alternator, SlaottieBl 
World. 118:88, Ma»« 18, 1946. 

(194) 1 -. - - . - Langstaff, H. A. P., Biyetrical Foatnres of Spring- 

S!S.."iLaes:'5Js;-“' • 
ass, uir 
trie Emow. 60:88, Maecfc, 1947d' 

■ .. 

(t96) 



CHAPTER XXIV 

RAILROADS 

byRoEERT S. Henry 

Railroads are lonstantly engaged in research in all 

phases of transport activity Exposed as most of the 

railroad plant is to constant wear in hard service, to the 
unceasing action of weather and the elements, to ex¬ 

tremes of temperature, and to emeigency requirements 

which ronsutute an unavoidable part of all transporta¬ 

tion, railway employees unendingly search for improve¬ 
ments in materials, tcthniquea and procedures—whether 

or not they think of these activities as research. The 
results are given die aad test of service in locomotive 

and car shops, and on the right-of-way, through careful 

and painstaking comparison of the quality and service 

life of the new device as compared with that which it 
IS intended to replace. 

Changes Are Gradual 
So complex is a railroad that major changes must be 

made gradually and with due recognition of the effect 

upon ocher operations A freight-car coupler, for ex¬ 
ample, cannot be changed without considering how the 

new device will work, during the necessary period of 
transition, with every other one of the nearly 2,000,000 

freight can in service Similar considerations apply to 

many other features of the standard and interchangeable 

freight cars which are so laigely responsible for the con¬ 

tinental character of American commerce 
In other aspects of railroading, the repercussions of 

even seemingly simple changes are still wider To re¬ 

place one form of motive power with another, for ex¬ 
ample, involves detailed investigation of its effect on 

many interrelated activities: enginemen are given new 
training, roundhouses and division shops are often re¬ 

built or re-equipped with new and different tools, shop 

crews are trained in maintaining the new motive power. 

New fuel supply facilities also may have to be pro¬ 
vided, turntables enlarged and strengthened, train sched¬ 

ules revised, and passing sidings, turnouts and switches 

rebuilt, lengthened or relocated. The effect of the new 

locomouves on bridges, structures, track, ties and road¬ 
bed must be studied. Even accounung procedures re¬ 

lating to depreciation and maintenance practices may 
have to be re-studied and possibly adjusted to the char¬ 

acteristics of the new powef Advertising, public rela¬ 

tions, and the activities of suppliers, as well as person¬ 

nel problems, may all be changed The disposition of 

the disjdaced motive power must also be considered; if 

it it moved to other divisions of the railroad, it will 

in turn affect operations elsewhere. All these and other 
related considerations must be evaluated and the neces¬ 

sary changes fitted into the normal operations of the 
taihoad- 

Becjusc of these complex interrelationships, changes 

on the railroads may seem to lake place more gradually 
than in some other industries Each device must be con¬ 

sidered m relation to all other factors of operation, and 
must operate in complete hannony with older but sim¬ 

ilar equipment, or else it must lie modified, introduced 

in a different fashion, or withheld until a more pro¬ 
pitious time (1) 

Track 
Track determines a laige part of the technical oper¬ 

ating and traffic procedures and problems of a rail¬ 

road Track has three main functions, simple to define 
but hard to achieve It must support the load, provide 

Lorg* eopueity acDth moving tinils iaeOitoto rohahilitaHen 
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a smooth surface for easy movement, and guide the 
wheels of the train Good track starts with the roadbed, 
or foundation Extensive expenmentation on a cooper¬ 
ative basis has been applied to roadway and ballast 
problems, including those of drainage, subihzation by 
piling or concrete grouting, and waterproofing of bal¬ 
last (2, S) 

There are a billion and a quarter ties in the tracks 
of Amencan railroads, and approximately 45 million of 
them are replaced each year because of decay or me¬ 
chanical wear. In many places, ties which have been in¬ 
stalled for 25 to SO years are still giving good service 
With modem methods of chemical treatment, decay has 
been greatly reduced, and mechanical wear from the 
impact of loads transmitted through the rail now it 
more serious as a cause of replacement To reduce this 
wear, metal tie plates ate inserted between the rail and 
the tie 

Tlie present shape and weight of rail have evolved 
gradually to meet operating needs It was found by re- 

seardi and test that increasing the height of a given 
rail from 7 in. to in, without any change in the 
weight per yard, would bring about an increase of ap¬ 
proximately 14 per rent in the vertical stiffness of the 
rail Similarly, a change m design, with an increase in 
weight trom 130 to ISI lbs per yd, added as much as 
10 per cent to the ability of the rail to resist lateral 
deflection. 

Discovery and prevention of internal defects called 
transverse fissures, which might lead to a broken rail, 
have made great progress 

The pounding of heavy locomotives and cars at high 
speed batters the ends of the rail after a period of time. 
To reduce maintenance and replacement costs, railroad 
maintenance engineers have developed various methods 
of building up the battered ends by welding Another 
approach has been to develop continuous-welded rail, 
on die pnnaple that longer rail means fewer joints or 
rail ends at which batter can occur (4 to 8) 

Research attention aho has been focused upon rail 
fastenings, which include track bolts, spring washers, 
spikes, ue plates, rail anchors and joint bars. Frogs and 
switches have been the subject of a joint projea be¬ 
tween makers and engineering committees Other sub¬ 
jects of research analysis include the economics and 
methods of grade revision, curvature reduction, hne 
changes, the rolling resistonce of trains at various speeds, 
and the development of dynamometer cars for road 
testing of trains (9). 

Meikamzalton of Roadway Maintenance 

Maintenance-of-way work has become increasingly 
mechanized for greater productivity and economy. The 
railroads now have in use large numbers of track motor 
can, rail cranes, spike pullers, adzing machines, bolt 
tighteners, spike driven, power tampers, tamping ma¬ 
chines, ballast cleanen, ballast plows, rail oilen, ditch¬ 
ing machines, bulldozen, power shovels, weed bumen, 
weed mowers, power rail drills, power rail saws, power 
augen, and power wood saws Many of the larger items 
of track machinery are now self-propelled and work 
from alongside-instead of on—the track, thus avoiding 
interference with train movements and at the same time 
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saving pan of the costs assoaated with the use of "work 
trains” (10,11) 

The more than 190,000 bridges of various matenals 
on the railroads have been obvious subjects for re¬ 
search Special attention has been paid to impact stresses 
and their effect upon bridge design, adaptation of weld¬ 

ing to construction and maintenance, and use of re¬ 
inforced concrete structures and ballasted-deck bndges 
After a bridge is built, it frequently happens that newer 
types of locomotives and cars come into use, setting up 
greater stresses and strains. The bridge then must be 
strengthened, or else train operation must be restricted 
as to weight or speed, to keep the stresses within safe 
limits Magnetic strain gauges, recently developed, now 
arc 111 use fur measuring electrically the precise stress 
sustained by bndges under varying types of impacts and 
loads 

Technical problems in welding bridges are being over¬ 
come, resulung in lighter and cheaper structures, with 
lower maintenance costs Use of aluminum for bridge 
construction also is in the direction of lighter structures 
(12 to 16). 

Communtialiom (17 to 28) 
Trains cannot be run speedily, safely, and dependably 

without good communications The far-flung nature of 
railroad plant and organization also requires gcxid com¬ 
munication for managerial coordination and control of 
operations 

The telephone and telegraph systems of railroads 
have become closely interrelated, especially since it has 
become practicable to use die same wires for both tele¬ 
phone and telegraph circuits It is now possible for the 

same group of wires to carry two dispatching circuits 
between tram-order offices; several message circuits lead¬ 
ing to freight houses, yard offices, passenger ticket offices, 
and other points; a so-called overhead system for mes¬ 
sages and conversations; and teletypewriter circuits. 

In recent years, technological development has made 
it jxisstble to utilize radio on the railroads As a result 
of knowledge gained from experimental installations, 
radio can. be advantageously used, under the proper con¬ 
ditions, in the following ways; 

1) End-to-end train communication—between engine 
or caboose and conductor, or other employee on the 
ground, and between one train and another train ^en 
apinoaching nt panitig' each other. 

2) Fixed point and train—for yard operauon and be¬ 
tween a dispauher or other fixed point and a moving 
tram (including emergency situauons where communi¬ 
cation IS desirable between a central point and a der¬ 
rick snow plow, flre-hghting apparatus, or the like). 

*1) Emergency service to bridge gaps in communica¬ 
tions when wire lines are down as a result of flood, 
storm, or accident 

4) Remote direction and control of train operations 
m areas where centralized traffic control systems (de¬ 
scribed in the next section) are used, a similar use 
would be found on clertrified railroads where radio 
could control power circuits and speed up rearrange¬ 
ments of supply in the event of failures 

Many technical obstacles yet remain to be overcome, 
but the use of radio in railroad communications is 
bound to grow and to play an important part in rail¬ 
road operations 

Extensive experiments also are being conducted by 
railroads in the use of radar, which was so largely de¬ 
veloped for many wartime uses While public discussion 
has emphasized the possibility of application of radar 
and similar warning devices to trains, these discussions 

Coatral town ihowlag switoh and ralotdvr a 
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often evidence lack of a full undentanding of the prin> 
ciples involved in reflected-beam electronic devices 
There also are important physical differences between 
using such devices on an aircraft above the earth’s sur¬ 
face, or a ship at sea, with free radio access to any 
point on the surface within range of its radio equip¬ 
ment, and their use on a surface vehicle passing road¬ 
side obstructions, and threading around curves, through 
hills or tunnels, and across bndges. 

While experimentation with variauons of radar de¬ 
vices will continue and may finally produce useful and 
applicable results, such accomplishment will depend 
upon Mtisfying railway signal engineers as to the suit¬ 
ability and dependability of such devices for railway 
use under all operating conditions One of the present 
adaptations of radar which shows considerable promise 
of development for use by railroads is for speeding up, 
with s.ifety, the operation of tugboats used in connec¬ 
tion with railroad car-femes in large port cities such as 
New York 

Signals (24 to 30) 

Signals are analogous in function to communications, 
but have a more spccihc function—they are addressed 
only to employees in charge of trains, and espeaally to 
the locomotive engineer, to inform him about the track 
ahead 

With automatic block systems, the train itself operates 
the signals which protect it The key to the system is 
the track circuit, a weak electric current flowing through 
the rails 

New methods of transmitting electrical impulses have 
increased the flexibility and efliciency of block-signal 
systems With the use of “coded circuits,” signals can 
give five indications, clear—proceed, three degrees of 
cauiion, and stop. Thus, it is possible to give the en- 
gineman information on conditions three blocks ahead, 
ample time to comply with the indication. In some 
rases, there are five-indication signals covering the sit¬ 
uation four blocks ahead. 

Cab signals, located on a panel in the locomotive cab 
facing the engineer, are now used on many lines to 
supplement or replace signal indications on a pole or 
mast beside the track. 

Further in connection with the use of block-signal 
systems, automatic train-control devices are effectively 
used in some situations. Different methods have been 
adopted, but their common purpose is stop a train au¬ 
tomatically if It should pass a signal set against it By 
use of an ’’acknowledger," the engineman can forestall 
the operation of the automatic stop by pushii^ a lever 
to signify his awareness of the fact that the signal indi¬ 
cation is against him. 

Where tracks cross, automatic interlockings are ex¬ 
tensively used to increase safety and reduce costs. In 
theK devices, switches, locks, and signals are so inter¬ 
connected that their movements must follow each other 
in predetermined order, thus insuring that conflicting 
movements cannot ukc place. The interlocking mecha¬ 
nism may function either electrically or nwchaiticaHy. 

Interlocking devices not only provide positive protec¬ 
tion at track crossings but also eliminate die necessity 
Cor many tiain stops, either to see i| the crotdng it 
dear, or to wait for finother tr^n to dear it. iQonipajwd 
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with manual operation, automatic installauons eliminate 
tlie need for a central machine and other appliances, as 
well as for attendants to operate the levers 

A similar device, for the same purposes and also based 
upon the automatic-interlocking principle, is the en¬ 
trance-exit (or NX) mechanism, which has been in¬ 
stalled in many laige passenger and freight terminals, 
and other localities where movements are made through 
an intricate track layout With the entrante-exit in¬ 
stallation, the operator presses a button for the track on 
which the layout is to be entered and another for the 
track of exit The mechanism then automatiialiy selects 

the proper route of movement through the layout, sets 
all the switches and signals involved, and locks them 
against any conflicting movement The locks are re¬ 
leased as the movement clears various points on the 

In addition to these and other signaling techniques 
to improve train operation, it is now possible by means 
of centralized traffic control (or CTC) to direct tram 
movements entirely by remote control Orders to train 
crews arc not needed Instead, switches and signals over 
many miles of line arc controlled by a single operator, 
sitting before a panel or switchboard in a control room 
Before him, the position of each train is shown auto¬ 
matically on an illuminated diagram of the line Below 
the diagram are knobs which govern each signal and 
small levers which govern each switch on tlie line By 
his exact knowledge of where trains are, the operator 
can arrange closer meets between opposing trains as 
well as faster run-arounds of slow trains by fast ones 
at the nearest siding Non-stop meets of opposing trains 
on single track are a common occurrence where CTC 
IS installed 

Track capacity is increased under CTC operation by 
as much as 'iO to 100 per cent This increase often post- 
{xines or eliminates the expense of multiple tracking 
In addition, costs are cut through the reduction of 
train stops, safety is enhanced, and train speeds are in¬ 
creased In some cases, where grades at the entrance to 
sidings restrut the engine load, CTC may permit 

the running of heavier trains because stops on die 
grade are eliminated. This is also accomplished in some 
cases by use of individual remote-control switches 
Changes in desired train movements can be made more 
quickly, safely, smoothly and efliciently with CTC than 

promote their speedy accomplishment, so that cars can 

be kept moving 
Despite their apparent simplicity, passenger-car wheels 

offer many problems Wheel wear is a subject of much 
complexity, and new tacts about it are being learned 
all the time One important fact that must always be 
Liken into auount is that rolling on the rails is not 
the only function of the wheel It also must support 
the load of the tar and contents (about 140,000 lbs) 
It must also transmit the braking forces to the rail. 
Betause conditions vary, there arc different types 
of wheels, of varying metallurgical composition and 
adapted to different operating conditions 

11m axle involves metallurgical and engineering prob¬ 
lems similar to those involved in the wheels, and new 
designs art being evolved to reduce fatigue failures By 
the use of tubular instead of solid axles, weight is re¬ 
duced and greater strength obtained in relation to ac¬ 
tual weigh! of metal 

All the developments brought aliout in tracks, motive 
power, and other plant facilities to promote greater 
speeds of train operation would be of little avail with¬ 
out a correspondingly developed braking system for 
trains, because safety demands adetjuatc brake control 
at all times 

The railroads meet the problem of braking with the 
automatic air brake Each car has such brakes, which 
are actuated by air pressure from the engine. Com¬ 
pressed air from ilic locomouve is distributed to reser¬ 
voirs on each car, through air hoses which connect all 
cats Each tar has a control valve, which sets the brakes 
when there is a reduction in the air pressure from the 
engine 

Automatic slack-adjusters keep the slack in the brake 
uniform throughout the train and thus equalize 

brake tension Wheel-slip protectors and sjieed-pressure 
regulators automatually adjust the application of brak¬ 
ing forte as the tram speed is reduced The decehstat 

clettiit generator, which regulates brake pressure, is con¬ 
stantly being improved to permit greater refinement in 
the projx-T adjustment of braking force Wheel-slide 
controllers on individual axles release and reapply 

brakes when a pair of wheels is about to slide. Develojs- 

Modem, hacrrr-duly noehlii* tool* radue* oeato npair 
and maintaaime*. aMurin? moia affidMil eparatlea. 

by any alternative system available. 

Engines and Cars 

Engines and cars and facilities for maintaining and 
servicing them are fundamental to the operation of 
railway transportation service. 

Passenger cars (SI to 44); There is much more to a 
passenger car than meets the eye of the ordinary trav¬ 
eler. The electrical system, for example, offers many 
problems. The present electrical system of the car, in 
addition to lighting, supplies power for fans, ventilaton, 
electric shaven and-moit important-air conditioning 
White the primary objective of the equipment is to en¬ 

hance the comfort and canvetuenoe of passengers, the 
derign also must be usds as to require a minimum of 

and repair and, if r^in are called for, to 
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ments are constantly being made in brake shoes to save 
wheel and shoe expense. 

These are but a few of the items of equipment be¬ 
neath the passenger-car floor. Much might also be 
said about springs, center sills, draft gears, tightlock 
couplers, piping, and so forth Their design, construc¬ 
tion, inspection and maintenance are under continual 
study and improvement 

Freight Ciirs (45 to 52) Ireight cars liave become in¬ 
creasingly spetializecl to meet the changing demands of 
an increasingly specialized economy While the variety 
of cars provides belter service to industry, it also in¬ 
creases the complexity of the car-supply and mainte¬ 
nance problems of the railroads 

Fortunately, however, much of the maintenance prob¬ 
lem has been eased by standardizing the cars from the 
llooi down—the working parts Wheels, axles, frames 
and springs, couplings, draft gear, and brakes—all have 
been standardized The development and general adop 
tion by the railniads of a code of rules to govern the 
inierihaiige of cars and iheir movement and repair on 
"foreign" lines (that is, lines other than their own) has 
been a major achievement 

Many items of the trucks and running gear of pas¬ 
senger cars have their counterparts on freight cars, in 

some instances with modifications to take account of 
differences in the characienstits of the two kinds of 
service 

Braking control follows the same general principles 
for freight as for passenger trains, but with modiflca- 
iions in detail The application of the AB brake system 
for freight train cars poses many new problems. Each 

car now has two reservoirs—one for ordinary brake ap¬ 
plications and one for emergency use Technical ob¬ 
stacles have been solved so that it is now possible to 
follow a service application of the brakes with an emer¬ 
gency application, or to slow down to very low speed, 
then release the brakes and pick up speed The AB 
freight brake, due to the very quick propagation time 
of a brake application, enables smooth stops, free of 
shcKks and run-in of slack, on trains up to 150 can or 
more in length. 

Back of the coupler of the freight car, and connecting 
It to the center sill or principal structural member of 
the car, is a device called the draft gear In a space 
about two feet long, with an end area of less than one 
square foot, the draft gear must absorb the shock of 
coupling loaded can which may weigh up to perhaps 
75 tons or more, with a recoil of no more than 2^ in. 
Improvements are being worked on which will make 
the draft gear still more flexible in responding to light 
blows and yet having greater ability to absorb heavy 
blows and thus diminish shock to the car itself. 

Lighter weight of freight car trucks is an important 

goal which is gradually being achieved. Lighter mate¬ 
rials for side frames, bolsten, brake beams, and so forth 
serves to reduce weight. 

The truck springs afe viul to smooth riding of the 
car body and load. Improved springs and snubben are 
means of achieving greater itafaiiity. As with draft gear, 
the problem it one of shodk absorption. 

Shop Facilities 
With all the medunical equfpmditt M «|^pRndiuW[y 

' ■ 
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The locomotive has undergone many changes. To¬ 

day's engines develop 6,000 horsepower or more, and 
are capable of hauling up to 10,000 or more tons in a 

trainload They may be propelled by steam, electricity 
or internal combustion, and may be fueled by coal, oil, 
or gasoline 

To reach this stage development, many new devices 
first had to be introduced. For instance, by superheat¬ 

ing steam inside the boiler, without increasing the pres¬ 
sure, the temperature can be brought up to 700 deg. 
or more, instead of the previous maximum of around 
375 deg The automatic stoker feeds coal in the quan¬ 
tity needed to keep the proper fire over the enaie 

grate area of the locomotive. Boilers, flues, valves, grates, 

pistons, cylinders, and so on have been improved as 
new materials and new designs became available 

Roller bearings permit easier starts and increase the 

availability of locomotives Welded boilers reduce both 

weight and maintenance cost. With the improvements 
made in foundry practice, the entire frame of the loco¬ 
motive now can be cast as one huge, integral part, 

solving important technical problems. Automatic oilers 

provide lubrication to the multitude of working parte 
Booster engines, working through gears on the trailing 
axles, give added tractive power for starting and for 
slow-speed operation. Arch pipes, circulators, and si¬ 

phons installed in the firebox promote water circula¬ 
tion in the boiler and increase heating surface. Feed¬ 
water heaters draw heat from otherwise-wasted exhaust 
steam and use it to preheat the water passing from 

the tender to the boiler. 

some natural impurities, some of which are adverse to 
efliciem locomotive operauon Modern railway operation 
calls for great quantities of water, high temperature, 
large and complex evaporaung systems, etc Consequent¬ 
ly, much attention has been focused on the solution 

of this difficulty by the use of chemicals added to the 
water, water-softening plants, automatic blow-off sys¬ 
tems, and so on Experimental installations have been 
made with lon-exihange resins, which remove calaum 
and carbonate materials and provide water approaching 
the quality of distilled water 

From the standpoint both of public good will and 
of economy in operation, railroad mechanical depart¬ 
ments have been exploring methods for eliminating 

smoke through more efficient combustion. Overfire air 
jets have helped Better designs for air passages are 
under study, and other ideas are constantly being in¬ 
vestigated 

New Types of Coal-Burning Locomotives: In recent 

years, steam turbine locomotives have been developed 
which promise to overcome some of the difficulues in 

the conventional reaprocaung steam engine. More re¬ 
cently a coal-burning gas turbine has been brought to 

an advanced stage of experimental development. A coal 

atomtxer using compressed air breaks up the coal into 
fine powder. This powder is burned under pressure to 

produce a very hot gas, which drives the turbine. 

Electric Locomotives: The initial cost of electrification 

Changes such as those have greatly increased the type 
and amount of die work output of the locomotive. The 
work done by a frei^t ttain in one hour has more 

than doubled in die last 25 yean. 

in tame odier 'd^oettob. Vir^Uy all water contains 

is high, but operating cost is low. Hence, electrification 

u most advantageous vdien traffic volume is heavy, and 
electrified trackage tends to be located mostly in areas 

of dense traffic Recent developments of electric loco¬ 

motives have Mken the form of larger and mote power¬ 
ful units. 





Diesel Locomotives' The great difficulty in applying 

diesel power to railroads was the need for intermediate 

drive The reciprocating steam engine drives the wheels 
directly, with the power controlled through the amount 

of steam admitted to the cylinders to drive the pistons. 
By contrast, the diesel engine requires a transmission 

arrangement to vary the power supply from a high 
level in starting to a low level at full running. Mechan¬ 
ical, hydraulic, and pneumatic methods of transmission 

have been used, especially on smaller units, but most 
diesels now in use have an electric transmission; the 
oiescl engine drives a generator, which produces elec- 

triaty to run electric motors, which turn the wheels. 
The first cost of the diesel locomotive, and the costs 

of the lubricants and fuel used are relatively high. For 

these reasons, plus the fact that many railway opera¬ 
tions do not lend themselves to the intensive locomo¬ 
tive utiliration and high mileage needed'to justify the 
cost of a diesel, the introduction of diesel power has 
not meant its wholesale substitution for steam power. 

If continued technological development fulfills its prom¬ 
ise. the steam locomotive will continue to give the diesel 
real competition in certain fields of operation Cifi to 69) 

/.ofomotwe Maintenance 
llie operation of locomotive shops involves a num- 

bci of problems like those of any heavy manufacturing 
industry Powerful cranes and hoists are needed, along 

with furnaces, tanks, grinders, presses, milling machines, 

steam hammers, punches, shears, pipe forges and cutters, 
and many other types of tools and equipment. 

As diesel locomotives came into more widespread use, 
there was need for speaal facilities to service them. 

Today there are numerous diesel terminals, where a 
wide range of services are performed (some of which 
also are common to steam locomotives (70 to 72) 

Yardi and Teimmals (73 lo 84) 
Yards and terminals arc key points of the railroad 

system From, to, and through them flow, and in them 

are serviced, assembled, and classified, the cars and loccv 
motives Their importance as factors in efficient opera¬ 

tion cannot be overestimated. 

In a hump yard, gravity does much of the work of 

switching A humping engines moves an entire freight 
train upgrade to the top of the hump at consUnt speed, 
usually 2 to 4 miles per hour Working from the switch¬ 

ing list, a crew member uncouples one or more can at the 
summit, and gravity carries them onto the classification 
tracks The selection of tracks is controlled by power 

switches, operated from one or more control towers at 
strategic points m the yard 

In some earlier installations of hump yards, can mov¬ 

ing down the hump to classification tracks were con¬ 
trolled by car nden, who had to be returned to the 
hump, either on foot or by nding a motor car. A great 
improvement on this type of operation is the insuUa- 

tion of car retarders. The reterder is a braking device, 

located along the track, which clasps each side of the 
car wheel at the rim. It is actuated from the control 

tower. With the combination of retarden and power 

switches, the operators in these towen control both the 
direction and speed of car movement by pressing a series 

of buttons or switches. 
In large dtiet, certain of the yard facilities applying 
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to freight operations also have their counterparts, as 
appropriate and needed, for passenger operations. Ex¬ 
amples are storage tracks, cleaning tracks, and turn¬ 
around tracks for passenger cars, and comnussaries, with 
adjacent tracks for the supply of dining cars. At large 
stations, there also will be tracks for loading and un¬ 
loading mail and express 

Changes are being made affecting passenger terminals 
and service Stops for highspeed trains are reduced 

Welding oparaloc builda up beg by the exT-ueetrleae 
praeasa. 

wherever possible. Increasing cost of passenger equip¬ 
ment makes it important to expedite the tum-around 
of cart after each run, even at tome additional cost in 
men and equipment, the primary purpose being to pro¬ 
duce greater frequency of service while reducing con¬ 
gestion at main terminals and using rolling stock to 

better advantage Mechanical equipment to handle bag¬ 
gage, express, and mail is coming into inaeased use. 
Terminal buildings arc being improved and modem- 
lied Ticket machines and other devices to speed up 
ticket sales are well advanced in development In these 
and many other ways, service to the passenger is in 
process of substantial improvement 

Loading and transfer stations for handling less-than- 
tarload freight are being further mechaniied, and freight 
handling reorganized to do the job mote quickly and 
efficiently Pallets are increasingly being used for many 
types of packages 

Improvements in Yard Operation (85 to 88) In re¬ 
cent years, railroads have adopted a number of im¬ 
provements in yard operation Summary desenptions of 
a few of these will serve to illustrate the nature of the 
changes and their significance to railroad operation. 

Servicing locomotives is at best a time-consuming 
process Several steps have been taken to reduce these 
delays and thus increase lire uulization of equipment. 
These include the provision of new facilities to speed 
up the supply of fuel, water, and sand (for better trac¬ 
tion) In addition, track changes have been made, to 
speed up movement of engines to and from the engine- 
house without interfenng with other terminal oper¬ 
ations 

Safely first is a basic tenet in all railroad operations. 
At virtually all yards and terminals and at all points 
of interchange between railroads, insjiectors go up and 
down the length of each train looking for defects in 
wheels, axles, brakes, journals or other car parts. To 

Paaumertie ipllM driven vorieua fanpievemmis ia miriatciianea and cenalnictien aquipmeal to ■ 
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Modarnixad Chicago. Burlington and Quincy HoUroad 
Station. 

speed up inspection without sacnficing safety, sunken 
pits have been installed, usually on the main track into 
the tecetving yard, where inspectors are stationed, 
flanked by a battery of floodlights Cars are checked 
from the pits as -the train moves at slow speed into the 
yard. 

In many cases railroads' have found it economical to 
substitute diesel styitdiin^ locomotives, despite their 

somewhat higher miiial cost These units can carry two 
to four days’ supply of fuel oil, and tan be refueled 
quukly They require only |>eriodiral inspection, and 
there is a long time span lietween necessary overhauls 
On the average a diesel unit displaces about 1.4 steam 
switchers For these reasons there has been a definite 
trend toward dieseli/ing yards 

A hasK problem in the operation of a freight classi- 

hcation yard is that of keeping under supervisory con¬ 
trol a wide range of activities conducted by a large 
stall moving from point to point over a wide area Tele¬ 
phones. ol rtmrsc, are in general use, but there are many 
occasions when yard iorces aie not near a telephone or 
other fixed communication facility Consequently, a 

niimher ol other deviies and methods have been de- 
vclojicd. including two-way radio communication, with 
resulting gains in yard efficiency (85 to 88) 

Ordinarily, when a tram arrives at the receiving track 
in the yard, there is considerable clerical work to be 
done in lonneclion with its cars In recent years some 

roads in areas of heavy traffic have replaced or expe¬ 
dited this work by adopting various mechanical systems 
involving Uie use of punch cards (such as arc used in 
electric tabulating machines) combined, through a rc- 
tent technical development, with the use of teletype 

equipment While siitli insullaiions as yet are largely 
in the experimental stage, with new uses for the punch- 
card data still being explored, there seems no doubt 
that such systems promise considerable increases in econ¬ 

omy and efficiency in many situations 
The use of photography for copying waybills and 

other dcMiimcnts essential to train operation also has 
expedited train movement by reducing time needed for 
dental work (89 to 92) 

CHALLENGE TO INGENUITY 
Facing severe compriition for traffic, the railroads are 

exercising their utmost ingenuity, not only to hold unit 
costs ol o{>craiion to a minimum while advancing service 
standards, but to develop and per^ictuate the railroad 
industry as the nation's greatest public servant and the 
bulwark of private enterprise One avenue of doing so 
IS through the developmetit and use of all devices and 
prattites that lend themselves to (his acionip'ishment. 

Illmliatinin foi iln\ (hapirr were oblatned 
tfnougli Ihe routlevy of Caterpillar Tractor Co., 
Administrndon Generti! de Vialidad National 
(Uruguay), Great Northern Railway, Delaware b 
Hudion Railway, Baltimore b Ohio Railway, Si. 
Louii Southwestern Railway, Southern Pacific, 
Astottalion of American Railroads, American 
Welding and Manufacturing Co., Santa Fe Railway, 
General Motors Corp., Standard Oil Co. (N ].), Cen¬ 
tral Raihoad Company of New Jersey, Norfolk b 
Western Railway, Pennsylvania Railroad, Oxweld 
Railroad Service Co., Chicago, Burlington b 
Quincy Railroad, and Boilon and Maine Railroad. 
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CHAPTER XXV 

RUBBER 

by Harry L. Fisher 

The impact of the war on the rubber industry was 
enormous The plantations were occupied by the en¬ 
emy, ocean transporution was practically stopped, and 

this country had to turn to synthetic rubber to put its 

mechanized army into the field, its naval craft into the 
water and its planes into the air. The result of cooper¬ 
ation of technical men and manufacturers in producing 
the required materials is history, but only recently has 
the publication of the very important scientific and 
technologic work made it possible for the world to 

know what was behind it all and how it was accom¬ 
plished 

GR-S (Government Rubber-Styrene type), the all¬ 

purpose synthetic rubber, took the place of natural 
rubber during and just after the war (1). The call is 
still for more of the synthetic GR-S even though almost 

as much natural rubber was imported into the United 

States in the first half of 1947 as was imported during 
the entire previous year, namely, approximately 400,000 
long tons. Other synthetic rubbers, although m much 
less tonnage, played very important parts too 

Commercial synthetic rubber was first produced in 
the United States in 1930 but tlie production in 1940 
amounted to only about 4,000 long 'ons For the 820,- 
373 long tons produced m 1945, Uige amounts of 
many different materials had to be obtained, shipped 
to the proper locations where the syntheuc rubber 
plants had been built, and then the final products re¬ 
acted to give synthetic rubbers. 

General Statements and Comparisons 
It must be remembered that natural rubber, or more 

definitely the natural rubber hydrocarbon, has never 

been synthesized, so far as known, and the term "syn¬ 

thetic rubber” appean, therefore, to be a misnomer 
However, the term is justified because "rubber” is now 
also conudered as the name of a type of material in¬ 
stead of only a chemical individual. 

No one rubber, natural or synthetic, fulfills all the 
requirements placed on rubberlike matenals or elas¬ 
tomers. Some synthetic rubbers are doing yeoman serv¬ 
ice where natural rubber could not be used at all, and 
some give services for long periods of time and under 
conditions where natural rubber would have to be re¬ 

placed frequendy. 
Stretf^ing and rapid return after release are the 

unique diaracteristics of all rubben. They can be 
stretched from about two to ten times their original 

length, and will return rapidly to approximately their 
of^nal length when the stress has ben removed. They 

have hi|^ eneigy mn^ vdien thus stretthed. that k, 
they show low hyaterests loss and low heat buMip (2). 

I hey show durability under repeated stress cycles, re¬ 
sistance to abrasion (S), good electrical insulation 
piopcriics, chemical inertness to a remarkable degree, 
and moderate-to-high impermeability to moisture and 
gases 

VuUanued compounds of natural rubber. Neoprene, 
Butyl and Vistanex show the greatest elongations, al- 
iliough even these can be compounded to give very low 
clungatiuns GR-S. the nitrile rubbers. Butyl and Thikol 
reqmre the admixture of carbon black or certain resins 
to bring out their best properties Statements about 

rubber must always be qualified because of the varia¬ 
tions possible with each rubber and with each particu¬ 
lar form of a specific type 

None of the rubbers equals natural rubber in low 
heat buildup under repeated stress and that is why 

natural rubber is so good in tire carcass stocks and es- 

peaally in large sizes of tires like those used on buses 
and trucks Passengar car tires made entirely of GR-S 
are almost as good as those made from natural rubber 
and often sliow even greater resistance to abrasion, but 
bus and truck tires containing GR-S must also contain 
at least 30 per cent of natural rubber in order to keep 
the heat buildup low 

Fsomed latex is poured into a meld oiler the latex ia 
whipped lull oi tinr air buhblee. 
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Publication of War Work 

A great dea] of the important scientific research and 
technological development work done on synthetic rub- 
bets and the materials used in them, during and just 

after the war, has been appearing in the journals but 
publication is still far behind Some of these papers 
are discussed below and others ate included in the bib¬ 
liography for the sake of completeness. 

Natural Rubber 

Considerable thought is being given to the prepara¬ 
tion of natural rubber. More umform and satisfactory 

types of rubber could probably be developed by care¬ 
ful attention to methods of coagulation (4) Mother 
author writes that more thought sliould be given to 
develop rubber having better inherent qualities (5). 
Fractionation of latex should protiuce graded quabties, 
copolymerization of the rubber and olefins should make 
rubber with interesting modified properties, and proper 
methods of coagulation should control the amounts and 
proportions of nonrubber constituents and thus make 
for greater uniformity of the plastiaty Also, tree se¬ 
lection should develop rubber that has a higher aver¬ 

age molecular weight and chain length, and thus im¬ 
prove the quabties that are already superior to those 
of synthetic rubbers 

Work IS also being done on natural rubber from 
sources other than Hevea brastltensts, namely, from 

f icuf elttsltra (6) and milkweed (7). Also, guayule rub¬ 
ber extracted by the Jordan-type mill contains less 
acetone-benzene insolubles than that obtained by the 
pebble mill and its vulcanites show supenor proper¬ 

ties (8). 
Natural rubber latex is being received in the United 

States (9) but it has strong competition from the syn¬ 
thetic laticcs (10, 11). Improvements have been made in 

storing latex that make it possible to preserve it for 
three to five years by keeping it free from bacteria and 
sufficiently alkaline and with a uniform total of solids 
as well as mainuining properly regulated temperatures 
and minimum exposure to oxygen (12). Also, a method 
has been developed for producing machined wet sheet 

within three minutes after acidificauon of latex pro¬ 
vided the latex has previously been treated with a sat¬ 
urated long straight-chain fatty and (IS). 

Raw Materials for Synthetic Rubbers 

Butadiene has been used in the greatest amount in 
the manufacture of synthetic rubbers, since it is the 
chief constituent of GR-S (14). That which was pre¬ 
pared from alcohol was made by passing a mixture of 
alcohol and acetaldehyde over a heated catalyst con¬ 
sisting of silica gel impregnated with tantalum oxide 
(IS) Furfural is used in the purification of butadiene 
by the removal of impurities through azeotropic distilla¬ 

tion (16) An azeotrope is a mixture of two or more 
liquid substances whicli distill at a constant tempera¬ 
ture that IS different from the boiling points of any 
of the constituents Some of the impurities thus re¬ 

moved are unsaturated hydrocarbons, olefins or acety¬ 
lene derivatives, that retard, some slightly and some 

very strongly, the copolymenzation of butadiene and 
styrene in the preparation of GR-S and other similar 
copolymerizations (17,18) 

Under certain conditions, butadiene and styrene, sep¬ 
arately or together, form a white cauliflower-hke poly¬ 
mer that sometimes causes the bursung of pipes and 
requires more or less complete reinstallation of equip¬ 
ment in the syntheue rubber factories The spontaneous 

fonnation of this insoluble, infusible, so-called "pop¬ 
corn’’ polymer, is initiated in a variety of ways, iron 
and acuve oxygen playing important paru (19), By a 
scientific study of this reaction, it was found that the 
active centers or seeds can be deactivated by exposure 
to nitrogen dioxide diluted with air and therefore the 
initiation of popcorn formation can be completely in¬ 
hibited (20) 

The manufacture of styrene by the Dow process has 
been described (21) Benzene and ethylene are cata- 
lytically combined to make ethylbenzene which is then 
converted to styrene through the loss of two atoms of 

hydrogen by means of pyrolysis, 
A new furnace carbon black superior to the familiar 

channel black has been prepared (22). Also, a "white 



RUBBER 367 

soot’’—fumed siliw-has been prepared that gives inter¬ 
esting reinforcing properties (23). In addition, an aque¬ 

ous dispersion of high purity and hnely divided silica 
of wide application m rubber compounding has been 

announced (24) 

A new silicone oil when compounded in <»R-S shows 
improvement in abrasion resistance especially when 

lower grades of carbon black are used (25) New in- 

(ompalible bulky plasuii/ers solten synihein rubbers 
with less care in processing and permit them to retain 

their molded shajies indefinitely even before vulcaiii- 

ration (2I>) GR-S and natural rubber can also be plas¬ 

tic i/ed with OiO’diacylaniiiiodipheiiyl disulfides (27) 
I'hc German plastici/er lor synthetic rubbers, "Korcsin.” 
IS an alkyphenol prepared from p-tertiary buiylphenol 
and acetylene (28) Kicinoleate esters give good low 

temperature properties to nitrile rubbers (29) 

New organic vulcani/ing agents have been reported 

organic compounds having two or tliree halogen atoms 
on the same carbon atom (30), and alkyplienol sulfides 

(81) Butyl rubber can be vulcani/ed witliout sulphur 
by using ({uirionedioxitiic and dinitrosoben/ene dcriva- 

ates (32). 

Synthetic Elastomcn 

It would take much time and space to discuss each 
elastomer and ns projierties and us advantages over 
other elastomers However, it seems desirable to give 

a brief description of eacli one in order that a rather 

complete picture of the enure field can be had. 

GRS 

GR-S (Government Rubber-Styrene type) is manu¬ 

factured almost entirely by the U. S Government and 

of all the syntheuc rubbers it is still produced in (he 
greatest quantity. It is prepared from about 78 parts 

of butadiene and 22 of styrene by emulsion polymenza- 

tion (S8,34). In the emulsion process, the butadiene. 

HOW Hiranx HOBBEB IS MJU« 

whuh IS a gas that boils at 24 deg F., and the liquid 

styrene arc stirred in water containing soap until they 

are completely emtilsihcd The water also contains a 

small amount of potassium persulfate as an initiation 

of polymerization and of a mercaptan as a modifier of 
pcilymenzauun The emulsion is carefully stirred and 
kept at a temperature of about 105 deg F. for 15-17 

houis, during which period the mam constituents react 

or copulymen/e to about 75 per cent. Greater con¬ 
version produces a poorer rubber A reaction stopper 

and an antioxidant arc tlicn added, the unused buta¬ 

diene and styrene removed and recovered, the artifiaal 
latex IS (oagiilateci with a solution of salt and sulphuric 

acid or of alum and the coaguluni washed, dried and 
baked 

The regular GR-S contains a small percentage of 

HOW NEOPHENE IS MADE 

HOW BPm BOBBER IB MAM 

BUTYL RUBBER 
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salts which, of course, lowers the electrical insulation 

properties in the presence of water In order to im¬ 
prove these properties, about one per tent of Dixie 
clay is added during the acid coagulation, this reduces 

the electrolyte content to a negligible amount with 

significant improvement in dielettnc properties (S5) 

Master batches of GR-S and carbon black are pre¬ 

pared by adding the black to the latex before coagu- 

lauon (36) In tire tread storks, these can be used di¬ 

rectly instead of mixing the black in the GR-S on a 
mill, and the following advantages have been reported 

Molded mcrttiMa ei foam rubbor omorgoa from oloclroaie 
even oHor Tulcaniaatien and drying. 

reduced mixing time, 5-10 per cent better wear re¬ 

sistance, better crack growth resistance, economy of 

compounding costs, and increased cleanliness of oper¬ 
ation Similar master batches of zinc oxide, clay and 

silene are also made. 
GR-S is the general all-purpose synthetic rubber and 

can be used for at least 90 per cent of the uses of nat¬ 

ural rubber It is handled and vulcanized very much 

like natural rubber Its compounds age well, have good 

insulation properties, and show very good resistance to 
both heat and abrasion, but, like natural rubber, are 

not resistant to swelling by oils and solvents. It nor¬ 

mally possesses less tack than natural rubber, but the 

addiuon of tackificrs and the use of cements overcome 
this difficulty 

GR-S has also been prepared in the laboratory by the 

copolymerization of butadiene and styrene in the pres¬ 

ence of metallic sodium as the catalyst (37) This so¬ 

dium GR-S IS not as flexible at low temperatures as 
regular GR-S, but in processing quality and in balance 
of flex crack growth and hysteresis, it exhibits real ad¬ 

vantages (38). 

Butadiene and chlorine derivauves of styrene have 

been copolymerized in the regular emulsion form, and 
some of the copolymers have been found to be superior 

to GR-S in tensile strength and flex crack growth (39), 

Nitrile Rubbers 

Copolymers of butadiene and arrylonitrile, generally 
known as nitrile rubbers, are made by the emulsion 

process with proportions varying from 70/30 to 55/45 
Their commercial names and the companies that man¬ 

ufacture them are GR-\ (Government Rubber-Acry- 
lonitrile type), U S Government, Butaprene N, Fire¬ 

stone. Chemigum N, Goodyear, Hycar OR, Goodrich; 
Nubun N, U, S Rubber, and Perbunan, Standard Oil 

Company of New Jersey Like GR-S, they require the 

addition of carbon black or certain resins to make 

compounds with the best properties These elastomers 

have a wide temperature range of usefulness from —70 
deg to -l-SOO deg F, a low compression set, low co¬ 

efficient of friction, excellent heat aging, high abasion 

resistance, good sunlight resistance, and very good re- 

N«w $2AXMM0 laberatofy will help FirMlon* axpoitd pregreon ei rubber and ploatlea rMeareh. 
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sistance to the swelling action of aromatic solvents, 

naphthenic oils and dilorinated hydrocarbons. 
However, the tensile strength of the compounds is 

lower in comparison with natural rubber compounds, 

the tear resistance is lower, and the heat butldup is 
greater The nitnle rubbers are used in a great variety 

of molded goods, gaskets and hoses, where resistance to 
oils and solvents, heat and abrasion are required 

Butyl 

Butyl syntheuc rubber, also known as GR-1 (Govern¬ 
ment Rubber-Isobutylene type) is manufactured for 

the government by Standard Oil Ck> of New Jersey 
It IS a copolymer of a high proporuon of isobutylene 
(CiHg) and a low proportion of isoprenc in the gen¬ 
eral ratio of 98/2. The reaction is very different from 
the emulsion process and is carried out in the presence 

of a special catalyst at a very low temperature, —60 
deg F or even lower. Under similar conditions, iso¬ 
butylene form polyisobutylene (Vistanex) which is 

praaically saturated and is not vuicanizable, but the 
addiuon of the low proporuon of isoprene gives 
enough unsaturation to make Butyl vulcanmble. 

Conversely, the high proportion of saturation gives 



SynthaMe nibbw iJi* is istisd tor bsai buildup, epsrutiaa. 
Isinpsrafurs «nid wscu mistones. 

Butyl Its unusual resistance to heat, aging, ozone, 
and the action of strong acids and other corrosive 
chemicals Its impermeability to gases is the greatest 
of all the elastomers This interesting property to¬ 
gether with us excellent resistance to tearing and abra¬ 
sion makes for longer-lasung inner tubes (40), curing 
bags in the viilcaiiiring ot tire casings, and molding 
bags employed m die manufacture of plywood materials 

Neoprene 
Neoprene can be considered as a chlorine derivative 

of polybutadienc, and is prepared by the emulsion 
polymerization of chloroprenc, a chlorobutadiene In¬ 
stead of being recovered from the latex by the usual 
arid-salt coagulation, it is coagulated by being frozen 
by a new and iinicjue process (41) The latex is passed 
as a film over a cold drum on which it is completely 
coagulated at a temperature of about 14 deg F The 
coagulated polymer is moved forward as a film, is 
washed, dried at 250 deg. 1. and then gathered into 
a continuous "rope", cut into small sections, and bagged 

Neoprene is manufactured by £ J duPont de 
Nemours and Co , and also hy that company for the 
U. S Covcrnmeiu. It is also known as GK-M (Govern¬ 
ment Rubbcr-Monovinylacetylenc) it is made in sev¬ 
eral grades of plasticity, each grade being given a letter 
or letters. Types GN and CN-A arc all-purpose rubbers 
and the most widely used 

Neoprene is nuire like natural rubber in us general 
properties than any of tlic other synthetic rubbers Its 
puie gutn compounds are excellent and require no car- 
tion black to make tliem useful although carbon black 
can be used as a reinforang agent It can be vulcan¬ 
ized by heat alone without the use of sulphur 

Its compounds are resilient and elastic, sliow good 
resisunce to abrasion, and are superior to natural rub¬ 
ber compounds in resistance to oxidation, heat, sun¬ 
light, the coronal discharge, and especially the swelling 
action of oils and solvents Although its compounds do 
swell somewhat in oils and solvents, the volume increase 
is low, and they maintain most of their onginal physical 
properties even when swelled Neoprene has a high 
chlorine content, almost 40 per cent, and is practically 
nonflammable and does not support combustion. When 
properly compounded, it is useful at temperatures as 
low as about -60 deg. F. These properties make 

neoprene useful in a great variety of applications, many 
of which cannot be filled at all by natural rubber. 

Thiokol 

Thiokol is the trademark name for products manufac¬ 
tured by the Thiokol Corppration. The Thiokol rubbers 
are very different in chemical composition than any of 
the other lyntheuc rubbers: they-are prepared by the in¬ 
teraction of alkylene diehlbrides and related dichlondes 
with sodium polysuifide. Tlicy require no sulphur for 
their vulcanization, only ziilc nxide or quinonedioxime 
(GMF) and zinc oxide. Their ronarkable resistance to 
the action of nearly all «^nts, oils, fats and greases 

make them of particular ^nl^t for hose of practically 
all kinds and for prodMiif come in contact with 
these materials, fhey for neia- 
fonxment and'•peojjii^ hijsifeng. 

Thiolud Type ST |iye» «t«dtf to 
cold flow, have 1.., 

' ' .f'.. wai "ii 
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good abrasion resistance, and excellent resistance to 

sunlight, ultra-violet light, oronc, and the diffusion of 

gases In tensile strength and flexibility tliey are in¬ 
ferior to natural rubber compounds 

These materials are also available as molding pow¬ 

ders, hot spray powders, and liquid polymers 

Polytsobuiylene 

Polyisobutylene (Vistancx, Standard Oil Co of New 

Jersey) is odorless, tasteless, nontoxic, and also non- 
vulcanizable It is produced in several varieties which 

have different average mulctular weights Vistancx is 

especially useful in mixtures of other elastomers, waxes, 
resins and asphalt to improve them by adding special 

properties of increased aging, resistance to flex-cracking 
and cut-growth, improved electrical properties, and 
lower impermeability to gases With paraflin wax they 

make hot melt adhesives and paper co.itings tiiat are 

flexible at low temperatures and more impervious to 
moisture than ordinary wax coatings 

Coagulated Thiokel pollolo in heppor roady for iurthor 
proeoiaing; coagulation takoo placo in tho vat. 

Stluone Rubbers 

Ihe silicone rubbers (General Electric) or silasttcs 

(Dnw-Coming) have silicon and oxygen instead of 
larbon in the polymer cliain They are remarkable for 

their properties of withstanding not only low but also 

very high temperatures, -70 deg to -1-520 deg F (42), 
of resisting the action ol air. o/onc, and many corrosive 
chemicals A test sample after 90 days in air at 300 deg 

F was still gCKKl, f.R-S cracked after 1 day (43) They 

also provide gimd electrical insulation They are used 
for gaskets for high temperature equipment, such as 

diesel engines, gas turbines, air compressors, radial en¬ 

gine motors, jet engines, and in a new type of oil seal 
that ojserates around high speed sliafts at temperatures 
of 350 deg to 400 deg F 

Syntkeiti Reunout Types 

In the emulsion copulymerization of butadiene and 
styiene, as the proportion of butadiene is decreased 

Thiokol rMuoini llaxlbl* under extremely lew tempera- 
turea: it le reiiatont to lolvente, elle. and sunlight. 
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and that of the styrene is inaeased beyond the 50.50 
ratio, the product becomes stiffer and less lubberhke 
until around 25 parts of butadiene and 75 of styrene, 
the products are resinous These resinous copolymers 

are compatible with GR-S and also with natural rubber 
giving improved processing characteristics to the mix¬ 
tures and making compounds that have greater hard¬ 
ness and stiffness than the original rubber, greater re¬ 
sistance to abrasion in spite of increased hardness, and 
outstanding resistance to flex cracking (44,45) Similar 
reinforcement properties have been obtained for some 
years in natural rubber by the use of cytlized rubber 
Certain phenolic resins also give similar properties with 

natural rubber, GR-S, and the nitrile rubben (44, 46, 
47) Polyvinyl chloride and a nitrile rubber form in¬ 
teresting resins that act as non-niigratroy plasticizers in 
rubber stocks (44,48) 

Finally, there are the new S-polymers prepared by 

the copolymerization of styrene and isobutylene by the 

Partial Ti«w of govammaat osrned •yathatie rubber plant. 
Butadiana and aiyrana tank depot la in ioragrouad. 

Calaadailag a Mli-auppoittag film far Parbunon-vlaTl 
compeu^ on a rubbor milL 

low-temperamre technique similar to that used for 
making Butyl rubber (44, 49). Combined with natural 
and synthetic rubbers, they improve processability and 
water vapor and gas impermeability. 

Hard Rubber 

Hard rubber types can be made from GR-S and the 
nitrile rubbers but not from neoprene and Butyl rub¬ 
ber (50. 51. 52, S3) GR-S hard rubbers have electrical 
properties superior to natural rubber ebonite because 
the compositions contain lower proportions of electro¬ 
lytes The mtrile rubbers give excellent hard rubbers 
that are superior in impact strength and high tempera¬ 
ture service (52. 54) The new resins mentioned in the 
preceding section are also of interest in the preparation 
of useful hard rubbers 

Reclaimed Rubber 

Reclaimed rubber helped much in many applications 
to conserve natural rubber early in the war and while 
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GR-S wa» coining into producuon. The question of 

making reclaims from articles containing more or less 

GR-S and other synthetic rubbers has been solved, 

chiefly by the use of proper solvents with some modifi¬ 

cations of regular technique (55, 56) Its quality is ex¬ 

cellent 

Illustrations for this chapter appear through the 

courtesy of Firestone Tire and Rubber Co, Mon¬ 

santo Chemical Co, Goodyear Tire and Rubber Co, 

t. I du Pont de Nemours 6 Co, Thiokol Corp, 

American Iron and Steel Institute, and U. S Rub¬ 

ber Co 
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CHAPTER XXVI 

STANDARDIZATION 

by Howard Coonley 

It should be pointed out that no single article 

can adequately describe the tremendous work be¬ 

ing done in the field of standardization by organi¬ 
zations in the United States and other countries of 

the world. So many organizations are engaged in 

this work and so much work has been done that 

only the high spots can be briefly mentioned in 

the space which can be allocated to it here. For 
this reason, Mr. Howard Coonley has limited hts 

paper to a mention of those organizations and 

technical societies in the United States which have 

earned on standardization work as one of their 

major activities. Many organizations and compa¬ 

nies cannot even be mentioned despite the fact 

that they have made significant contnbutions to 

standardization practices. In subsequent issues of 

THE INTERNATIONAL INDUSTRY YEAR¬ 

BOOK greater detail can be devoted to annual de¬ 
velopments, employing this article as a general 

reference on the broader aspects of progress to 
the present. 

Emraa, 

Today standardizauon is recognized throughout the 
world as the underlying prinaple of mass production; 

as a subilizer of cosu in a penod of rising prices (1); at 

a tool for management to eliminate the necessity of 

making repeated decisions. It makes it possible to keep 

machinery running without unnecessary delays through 
the use of interchangeable parts; and it is the process 

through which the needs of the user of a product are 

geared to those of the manufacturer (2). Standardization 

has played an influential part in developing the labor- 
saving, high-eflidency industrial processes of today (S). 

Sandards are of many different types, dl of them in¬ 

tended to provide a uniform basis tar dear undenund- 

ing between manufacturer, distributor, and user, be¬ 

tween executives, tedinidans, and shop (4). They cover: 

(a) Nomenclature, such as definitions of technical 

terms used in specifications and in oonttactt, and in 
technical literature; abbreviatioi^; letter symbols for 

quantities used in equations and formulas; graphical 
symbeds (ideographs or inctogn|>ht) used on drawings, 

Bchematic diagrams, and the like, (b) Uniformity in 

dimensions frimtiary to jecuK interduagekbility of 
partt and t»p$liet|, and the huenvmking of appaimus. 

(c) Speeifkatiom tar quality df vaptad^It and products, 

(dy Moikadt fast fior and prodnett. <e) 

Ratings of machinery and apparatus which establish 

test limiu under spedfied conditions as a basis of pur¬ 

chase spedfications, or which esublish requiremenu as 

to performance, durabihty, safety, etc., under operation, 

(f) Provisions for safety of worken engaged in produc- 

uon or for use of machinery and equipment (g) Stand¬ 

ard processes and operations for industrial establish- 

menu, (h) Standards provichng for concentration upon 

the optimum number of types, sues, and grades of 

manufactured producu 

Not only are sundards of chfferent types but they are 

of different classes (5). There are standards that are 

prepared by individual companies for use in their own 

oiganization or with their suppliers. There are standards 

prepared by societies and assodations for use among 

members of their own group There are alio standards 

prepared by groups of national otganizauons for use as 
national standards, and finally there are agreements 

reached on the international level 

Standardization Before World War H 

Before World War 1, there were about 400 organiza¬ 
tions in the U S. which had some standardization 
activities. The professional engineering societies were 

among the more prominent groups doing standardiza¬ 

tion work. There was little or no ccxiperation between 
groups or coordination of their work. During World 

War I, the greatly increased demands on industry proved 

that coordination was needed As a result, a coordinating 

oiganization, known at that time as the American Engi¬ 
neering Standards C.ommittce and now the American 

Standards AsscKiation, was set up Its work was based 

on the principle that national standards should reflect 

the needs of all groups concerned and, to be of the 

maximum use, must be developed through the icwpera- 
tion of all these groups (6) The application of this 
principle soon brought into the oiganization many 

asscKiations and societies and even government depart¬ 

ments. The development of safety standards (needed in 

connection with the administration of factory regula¬ 
tions) brought in insurance companies, state labor offi¬ 

cials, safety organizations, as well as representatives of 

employers and employees, and manufacturers of indus¬ 
trial machines (7). 

From 1920 to 1941, when Pearl Harbor brought the 

United Sutes into World War II. these groups and 
many others, including the Army, Navy, and other de- 

partmenu of the Federal Government, worked on an 

expanding program of national standards in many 

fields—mechanical, electrical, safety, building, highway 

traffic, consumer goods, photography, gas appliances, and 
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mining. How greatly the itandardization program in the 

Uiiued States has expanded is shown in a recent re¬ 
port of just one oiganiution engaged in standardiza¬ 

tion work, the American Society for Tesung Materials, 
which called attention to the tact that there were 28 
ASIM standards in 1910; more than 500 in 1930; and 

more than 1,000 in 1947 (8). 

Standardization and World War II 
World War II further accelerated the growth of the 

standardization work and emphasized its importance to 
the country's economy. Coordination of standards be¬ 
tween industries was even more important than it had 
been in peaceume, and shortages of essential materials 

coupled with the severe performance requiremenu of 
the Armed Forces, made unprecedented demands on 
the coordinating machinery of standardization during 
World War 11. Many stones have been told of the 

losses in men and material due to the lack of standards. 
There is the story of the battleship that returned 600 
miles to a supply base for a needed repair part only to 
find that there was a part aboard which could have 
been used if it could have been identified as the r^t 

size and fit (9,10) There are stones of tons of spare 
paru of different makes accumulated at supply bases 
while equipment damaged in battle remained out of 

use because a part for a particular make was missing. 

There are stones of battles lost in the desert because 
standard tests for radio parts had failed to take into 

account the effect of the terrific heat and sand erosion. 
All the technical socieues and associations which had 

been working on standards before the war put their 

facilities at the disposal of the government. They worked 
closely with the Conservation Division of the War Pro¬ 
duction Board which correlated the srandards and speci¬ 
fications of industry with the requiremenu of the 

Armed Forces and put them into effect as WPB orders. 
One of the wartime sundardiation programs devel¬ 

oped through the War Production Boaid which is hav¬ 

ing an effect on post-war techniques it the develop¬ 

ment of the National Emergency Steel Specifications. 
These spedfications, prepared through the cooperative 

Approval of now ooioly eodo will bonofH bakorr oquip- 
aonl aanuiacturoia duougb tho oUainotlon of eoaflietlng 

stalo fogulottotoa 

efforu of the American Iron and Steel Institute, the 

American Soaety for Testing Materials, and the Society 
of Automotive Engineers, among others, represent an 
entirely new approach to the specification of grades 

and qualities of steel, since they specified not only the 
composition of the material but also the heat treatment 
and other processes in manufacture. This technique, it 
was found, could provide steel of similar performance 

characteristics with different combinations of materials 
In addition to standard tesu and specifications for 

materials and equipment, the requiremenu of the war 

gave an impetus to the development of standards for 
consumer goods and for the protection of workers. The 
scarcity of materials, for example, made it necessary for 
the War Production Board to allocate materials for 
necessary work clothing and safety equipment on the 
basis of standards which would make the best use of 
the materials available. 

Internauonal cooperation was also given added im¬ 
petus during the war (11). The close coordination of 
the activiues of the various national armies under Gen¬ 
eral Eisenhower accentuated the difficulties caused by 

differences in the equipment and paru produced by 
the United Sutes and Great Britain. Out of the at¬ 
tempts to reach agreemenu on sundards has come the 
official recognition of the importance of standardization 
in agreemenu between the Chiefs of Staff of Great 
Britain and the United States, and between the United 

States and Latin American countries (12) 

International Organization for Standardization 

During the past year the international oiganization 
of national standardizing associations has again been 
activated and the Internatmnal Organization for Stand- 
ardizauon has been set up (IS, 14). The national asso¬ 
ciations of 26 countnes are members. Headquarters of 
the Association are in Geneva, Switzerland. 64 projecU 

for international cooperation have been agreed upon 
including such post-war problems as definitioni, nomen¬ 
clature, and spedfications in all sdence and engineering 
fields and in the field of ultimate consumer goods. 

American industry is being asked by other countries to 
rake a leading part in this international cooperation, 
since other countries are looking to the United Stttes 
for technical leadership. Through agreemenu gmong 

themselves, the countries that ate members of the Bridth 
Commonwealth of Nations .ire sending material about 
their sundards in early stages to the United Stttes for 
comment and criticism by whatever companies in the 
United States may be interested in them. 

The International Oiganization for Standardization 

will coordinate iu work with the standardization pro¬ 
grams of other international organizations. The Inter¬ 
national Electrodiemical Commissbn (15), which has 
40 yean of experience in voluntary international stand¬ 
ardizing for the electriod industry, has made arrange- 
menu to become the electrical dividon of the ISO, 
vdiUe keeping its individual name and methods ^ 
^renting. 

A looser relationship than that wHh the lEC hat been 
established by the Inteniaaional Labor Organfzation 

(16) and Ike latemailesial CM AvirnkM Otgan^ 
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tion (17) with the International Organization for 

Standardization A committee is now studying methods 
for developing cooperative arrangements with these 

two oiganizations and with the International Federa¬ 

tion for Documentation, International Dairy Federation 
and the United Nations Educational, Scientific, and 

Cultural Oiganization 

I'he International Labor Office is carrying on a long¬ 
term program of safety standards for the protection of 

workers and has under way a Model Safety Code for 
Factories for the guidance of devastated countries which 

are rebuilding their industries and for countries which 

are developing new industries It makes recommenda¬ 
tions for safety in the planning, layout, and construc¬ 

tion of plants, and the installation and operation of 
machinery and processes in factories 

The International Civil Aviation Organization is 

working on standard procedures and operating prac¬ 
tices and on the facilities necessary for international 
air navigation Its main goal is safety It is anticipated 

that the material and manufacturing specifications 

which may be developed through the work of the In¬ 

ternational Organization for Standardization and which 
may bear a relation to the needs of ICAO can be cor¬ 

related with the procedural and operating standards 

of ICAO. 

American Standards for control of quality through 

the use of statistics widely put into effect by the Ord¬ 
nance Department during the war have been adopted 

in many countries (18,19). One of the foremost Amer¬ 

ican authorities on tlie subject went to India recently 

to help the newly organized national standardization 
association there put it into use. 

Benefits of Standardization 

form drawing practice, standard methods of measuring 

the roughness of machined surfaces, standard designa¬ 

tions for .•heet metal, and screw threads are among the 

subjects in which they have shown special interest re¬ 
cently 

Ihe post-war imponante of standardization to indus¬ 

try in facilitating the manufacture of a better product 

at a lower cost is also reflected in the organization of 

the company standards departments Recently, the Gen¬ 
eral Electric Company made its standards department 
a division of the Executive Department and gave it 

resjionsibility lor coordinating standardization through¬ 

out all General Electric plants A study of company 
organization for standardization by the National Indus¬ 

trial Conference Board, however, shows that only one- 
third of the 9S companies covered by the report have 

formal standards organizations Companies with strong 

standards organizations reported to the Board that one 
of the chief benefits to them of industrial sundardizing 

IS to reconale the differing interests of engineers, pro¬ 

duction men, purchasing officials, and sales executives 
"For example, designers frequently have a tendency to 
keep tolerances close." the lejxirt explains "When the 

manufacturing men receive the drawing they may find 

that the expense and effort required to meet such a 

tolerance are exorbitant It may turn out that the part 
in quesiton does not require a finish of the speafied 

tolerance Meanwhile, much time and expense hat been 
involved Effective standardization prevents this by es¬ 

tablishing appropriate standard tolerances in line with 

performance requirements for the product" 

Ob* ei tb* meal widely diacuaaed atoadarda ia that fez 
drowhig and dndlmg room proelic*. It ia aatimalad Ihol 
Botionally uniform prnctlca would but* iaduaby and gov- 

The question of the legality of standardizauon under 

the anti-trust laws of the United States has been given 

serious consideration It is the opinion of lawyers who 
have studied the problem that the procedure of the 

.\merican Sundards Association in which all parues at 

interest are represented in the development of a stand¬ 
ard gives an American Standard a legal standing which 

makes it difficult to attack (20,2'1,22). 

The ultimate effectiveness of any standardization pro¬ 
gram is dependent upon how standards are used in the 

companies whidt are manufacturing or purchasing 

the equipment, machinery, or component parts for 
which the sundards have been prepared (23, 24, 25). 
Since World War II, strongly accentuated interest in 
sundardizauon has been noticeable among the compa¬ 

nies themselves. One evidence of this is the Company 
Member Committee of the American Sundards Assoaa- 

tion, through which sundards engineers of ASA com¬ 
pany members come together. The active interest and 
work of this committee during the past two yean have 

had a definite influence on the work of standardization 

committees operating under the procedures of ASA. 
The needs of the companies for specific sundards are 
brought directly to the attention of the committee, and 

through this conuct tome of the problems of the com- 

ihifteet are better uadesstood by the groups wfaidi 
eventually must uae the product of their work. Uni¬ 



AMERICAN STANDARDS 
ASSCXIATION 

Some of the liencfits experienced by these manufac¬ 
turing companies from standardization are listed in 
this report as. 

(a) Simplification of manufacture 

(b) Ckinsenatioii of materials and labor 

(c) Ease of iiiarlcting and distribution 

(d) Efiicient oiganization operation. 

In general we might summarize the status of stand- 
ardizauon in the United States as follows, although the 
extent of standardization activities and the great num¬ 

ber of organizations doing im[>urtant work on standards 
makes it impossible to do mure than toudi the high 
spots 

IN THE MECHANICAL FIELD 

Jn die general field of meihanical engineering a num¬ 
ber of outstanding organizations share the responsibil¬ 
ity for die development of standards and their work is 
coordinated through the nationally representative com¬ 
mittees organized under the procedure of the American 
Standards As.U)ciatiun In a few instances, such as the 
Boiler Code of the American Society of Mechanical En¬ 
gineers and the standards for special component parts 
which apply specifically to automotive and aircraft 
manufacture, the organizations representing these spe- 
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dal groups carry ouc the standardization as industry 
standards. 

Standardization of Screw Threads 

One of the most imporunt projects in the mechan¬ 

ical industry is the standardizauon of screw threads 
whidi IS being handled by a committee under the proce¬ 

dures of the Amencan Standards Associauon and jointly 
sponsored by the American Society of Mechanical En¬ 

gineers and the Society of Automouve Engineers 

The wide representation of American industry on 

the Secuonal Committee for Standardization and Um- 
fication of Screw Threads assures that the national 

standards agreed upon become the general practice in 
industry, as well as in government 

During the war a systematic effort was started to um- 

fy the American and British standard systems of screw 

threads so as to establish interchangeability of screw 
threads between the United States, Great BriUin, and 

Canada (26). Conferences between delegates of the 

three countries were held in New York, Ottawa, and 
London The work is still in the course of development 

through the national standards bodies in the three coun¬ 
tries. 

Since the war, some of the Amencan Standards on 

screw threads have been brought up-to-date A recent 
revision of the American Standard Slotted and Recessed 

Head Screws, Machine, Cap, Wood, Tapping and 

Slotted Headless Types provides a standard greatly ex¬ 

panded over the pre-war edition. This is also true of 
the new edition of the Socket Head Cap Screws and 

Socket Set Screws. 

The various departments of the Federal Government 

that are interested in screw threads have represenution 

on the ASA Committee and also on the Interdepart- 

menul Screw Thread Committee of the War, Navy, 
and Commerce Departments of the U. S Government. 

As a result, these American standards have become the 

basis of the work in the government as well as m in¬ 

dustry (27). 

Standards on Limits and Fits 

Other post-war standards completed recently cover 

limiu and fiu for cylindrical paits, surface roughness, 

and machine tools. The stan^rd on limits and fiu, 
a revision of an American Sundard approved in 1925, 

is only the first part of the proposed sundardization 

(28). It includes a list of preferred basic sizes adiich is 

expected to help keep to a minimum the varieties of 
tools and gages for finishing and inspecting those paru 

which are to be assembled svith specified cylindrical 

fiu. One huge company has reported that iu drawings 

at one time showed 800 basic hole sues up to 1)4 inch. 

This new American Standard aovets this range with 

only so sizes. 
Studies are -now being made' to determine the im¬ 

portance iA. the length of eqg^wnt. bearing kwd. 
speed, location, and surface finiA to cylindrical fiu 
.apd the. respite wiH form the.haldii for Part II of the 

Staitdard.' , 
tutiuet jmighnest wasidatd hr the first.atlempt to 

American practice on the asettutemriit and 

specification of the roughneu of a surface. This has 
been a subject of controversy for many years. This first 
statement (Part 1) is hailed as a contribution which 
will form the basis for future comprehensive and au- 

tliontative literature on the subject. It provides four 
different methods of evaluating the quality of surfaces 
and provides a symbol for use in identifying the rou^- 

ness of the surface The standard means of specifying 
surface roughness, waviness, and lay (the visible pat¬ 
tern of a surface) is the standard's most important 
contribution 

Standards for Machine Tools 

The National Machine Tool Builders' Association, the 

Metal (Cutting Tool Institute, the American Society of 

Mechanical Engineers and the StKiety of Automotive 

Engineers are the organirations which are responsible for 
the national standardization program on cutting tools 

and raathinc tixii elements 'I he program is a broad one 

and has been reactivated since the war to provide up-to- 

date editions of such basic stand.-irds as those for machine 

pins and involute splines. 

The maclime pin standards provide nominal dimen¬ 

sions and tolerances of different types of pins: hardened 

and ground dowel pins, straight pins, commercial and 
preasion type taper pins, clevis pins, and cotter pii». 

The involute spline standard has a wide application 

in industry (29, 30) and has been adopted by such com¬ 
panies as the Clirysler Motor Company, General Motors, 
Ford Motor Company, the Illinois Tool Works, and the 

Navy Bureau of Ordnance. It is important in simplifica- 
uon of tool design and standardization of hobs and 
tools The first edition approved in 1939 was not flex¬ 

ible enough to meet all requirements, but the new edi¬ 

tion covers a wide range of commeraal shaft sizes from 

the largest industrial drives to the finest splines for air¬ 
craft and instruments 

Recognizing the imjiortance of standards for machine 

tools, the American Society of Tool Engineers has 
started a standardizauon program in cooperation with 

the Amencan Standards Association during the past 
year (31) 

Automotive Standards 

In the automouve field the Sodety of Automotive 

Engineers takes the leadership. Its most recent book of 
standards (32) includes SAE sundards for auto pans 
and equipment ranging from headlamp uniu, spark 

plugs, and speedometers to spedfications and tests for 

meuls, fuel and oil hoses, and engine tests for evaluating 
oil. Many of these, such as the American Sundards for 

inch-millimeter conversions, for screw threads, riveu, 

machine tapers, twist drills, and reamers, have been de¬ 
veloped in cooperauon with other organizations and 

approved by the American Sundards Assodation as 
Ameriun Sundards .The SAE also works in the aeronau¬ 

tical field and has already completed a large number of 
aeronautical materials specifications as well as dimen¬ 

sional and performance standards and recorameiidcd 
practices for aeronautical jurtt and equipment. 
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Aeronautical Standards 

Another important nauonal organization working on 

aeronautical sundards ii the National Aircraft Sund- 
ards Committee, which server as a coordinaung or¬ 

ganization for the standards which apply to the aeronau¬ 
tic problems of the aircraft industry. 

How valuable the national sundardization work is in 
this field IS evident in figures given in an article by one 
of the outstanding standardization engineers (3S). He 

reports that surveys showed savings ranging from 79 
cenu to $1.29 when National Aircraft Standard inter¬ 
nal wrenching bolts were used instead of company stand¬ 
ards. In addition to the dollar and cent savings, the 

NAS standards had been prepared with the idea of 
saving weight, which is an important consideration in 
aircraft. This report showed that one company had 
saved $279,960, an average of $399.94 per plane, through 

the sundardizauon of wrenching bolts alone. 

The Armed Farces have a high stake in the sund- 
ardization work in the mechanical field because of the 
uigent need of interchangeability in wartime. Their 

proposed system of identification of antifriction bear¬ 
ings which would make it possible for any bearing of the 
same size and type to be idenufied regardless of the 
make was urged for adoption as an American Standard 
by the U. S. Navy. The Antifriction Bearing Manufac¬ 

turers Association already had a sunilar system under 
way and consideration is now being given to reaching 

agreement on a single identification system which an 
be adopted both by industry and by the Armed Forces 

(54) 

DRAWINGS AND DRAFTING PRACTICE 

Another project which has received considerable at¬ 

tention during the past year is the one on standards for 
drawings and drafting practice (35). This was an uigent 
problem during the war because the praedees of the 
Army and Navy and different branches of industry 
varied. In many cases, it has been reported, valuable 

hours were lost in copying engineering drawings pro¬ 
vided by the services and translating them into the style 

which could be easily understood by the producing mr- 
ganizaaons In many cases this same procure had to 

be carried out by the contractor and subcontractor as 
well. 

Since the war, both industry and government have 

been working to agree on uniform drawing sundards. 
So far, an Amenan Standard providing 2,000 abbrevia¬ 

tions for use on drawings has been completed (36) and 
a Joint Army-Navy Standard which agrees in most de¬ 

tails with the Amenan Standard has also been adopted. 
A series of American Sundard graphial symbols for 

use on drawings has been expanded by the adoption 
this year of graphial symbols for electric apparatus. A 

suggestion has been made by a sundards engineer in one 
of the larger automotive companies that the various 

sundards for drafung practice (the American Sundard 
Drawings and Drafting Room Practia, Abbreviations, 

and Graphial Symbols; the SAE drafting sundards and 
the JAN manual of drafting practice) should be com¬ 

bined in a single dicuoiury for drawings. 
This IS considered to imporunt that the ASA Com¬ 

pany Member Committee has a sub-committee studying 
how the drawing practice standards an be made more 
effective 

Closely allied to the drawing sundards are the ru- 
uonal standards for letter symbols for use m engmeer- 

ing and scientific hteraturc. These are now being 
brought up-to-date and coordinated to include many of 

the new terms developed during the past ten years. A 

sub-committee has just been formed including in iu 
membership some of the outstanding scientuts in the 

country to develop national sundards for letter sym¬ 

bols for the terminology used in connection with super¬ 
sonic projecules. These letter symbol sundards are more 

than national sundards. Word has been received from 
Great Briuin that the recently completed Amerian 

Standard for Letter Symbols for Cheimcal Engineering, 

the basic work on which was done by the Amerian 
Institute of Cheimcal Engineers, has been adopted for 
use in that country as well. 

MATERIAL SPECIFICATIONS 

The sundard speafiations and the methods of test 
which control the performance and quality of the ma- 

tenab that go into the equipment used by industry and 
the products it makes are developed by committees of 

the Amerian Society for Testing Materiab. In addition, 
a large part of the Society's activities are devoted to re¬ 

search work through which it u determined what method 
of test will accurately measure the property to be de¬ 
termined and give reprodqcible teiulu (37, 38, 39). 
This Society's vrork covers th^ entire range of snaterii^ 
mduding ferrous and nonfenous meub; cementidous, 

ceramic, concrete, and masonry nuterials; paint and 
petroleum; electrical insidating materiab; soaps and 
other detergents; rubber products; and textiles, among 
others. It has expanded tremendously during the war 

and u continuing to do so beause of the development 

of new materiab and ^ appliation of already luiosm 
puteriab to new uses. New committees on ertgbte and- 

freeaes, stnuturd sandwidi construedons. mognedtim 
oxyddotide oee^t qwtcriali are a few of fhow Dffpuh 

iaed recntly. NjM only has dm in itt wodi 
for indunr^ tet It has alio ttdmn tm tpece xmpntuIMir 



ity for development of standard* and methods of tests 
for materials for use by the ultimate consumer 

Mention has already been made of the activity of the 
Society of Automotive Engineer* in the development of 
Aeronautical Materials Speafications. 

ELECTRICAL INDUSTRY 

Standardization in the electrical field is more highly 
developed than in almost any other. This is due to the 
fact that standardization of the methods of rating and 
testing electrical apparatus and machinery is essential to 
national and international trade (40) The International 
Electrotechnical Commission has a history of 40 years 
and electrical standardization by the American Institute 
of Electrical Engineers is 20 yean older 

The American Institute of Electrical Engineers initi- 
Jted electrical standardization in the United States in 
1886, and has continued to carry the responsibility for 
standardization work on problems of general scientific 
interest in the electrical field and on certain standards of 
basic importance to the program (41) Its present work 
is closely integrated with that of the American Standards 
Association 

The Nauonal Electrical Manufacturers Association 
represents substantially all manufacturers and is con¬ 
cerned with the more practical aspects of electrical ma¬ 
chinery, apparatus, and devices. During the past year 
NEMA has announced the completion of two senes of 
motor standards which provide a uniform basis for rat¬ 
ing the performance and for identifying the individual 
motors on a performance basis. These standards are for 
the widely used fractional horsepower moton which 
operate household equipment as well as small industrial 
appliances. 

The important standards which have a nauonal ap¬ 
plication, such as those on transformers, arcuit break¬ 
ers, rotating electrical machinery are processed through 
the nauonally representative committees of the Ameri¬ 
can Standards As^ation A new and upto-date edition 
of the American Standard for Transformers, Regulators, 
and Reacton is now nearly completed. 

The National Electrical Manufacturers Association is 
also interested in standards being developed by na¬ 
tionally represenutive committees of the American 
Standards Association for domestic electrical equipment, 
such at electric stoves, irons, and toasten. These stand¬ 
ards are intended to provide a criterion of service to 
help the user to select the equipment best suited to her 
ne^. 

A meeting in Switzerland in October, 1947, consid¬ 
ered international agreements on methods of prevent¬ 
ing electrical interference yiith radio. This was consid¬ 
ered of special importance by American industry because 
many of the countries whidi will buy radio and elec¬ 
trical equiiment from the United States in the next few 
yean have regulations providing that such equipment 
must fellow certain ndm tor the prevention of radio 
interference. 

The present rapid growth of the radio industry hat 
brought a demand for farter development trf standards 
to meet its expanding needs. The Institute of lUdio 
Eqtineen and the Radio Mattofacturen Artoctation are 
both active in the rmtional pngntm. Af the request of 
tbe Intiiutie el'Radlo Engineen, tMorit is going fotwud 

The centesl cmd quality ei chemicals used tat pbotegrapUc 
pracesaiBS ore new included in- etOBdardlialieB ier pliisls> 
qrophie equipmeut and materials. Mere predictable results 



to include broader representation from the radio and 

electronic interesu in the Electrical Sundardt Commit¬ 
tee of the Amencan Standards Association. This is ex¬ 
pected to provide the means for rapid development of 
the standards needed by the radio industry and at the 
same time maintain uniformity between similar com- 
ponenu used by both the radio and electrical inHii.iwV^ 

ACOUSTICS 
Saentific work on standards in acousucs is being 

done through the procedures of the Amencan Standaids 
Associauon under the leadership of the Acoustical So¬ 
ciety of Amenca Work is now being done on a stand¬ 

ard for measuring the performance characteristics of 
loud speakers and on basic reference levels for sound 

measurements Drafts have already been prepared on 
audiometen needed for diagnostic purposes, experience 
with which IS expected to be helpful in the preparation 
of performance requirements for hearing aids. 

PHOTOGRAPHY 
Standardization has an obvious and speaal significance 

in the photographic field The widespread use of all 
makes of film and the growtng popularity of photography 
as a hobby have made it increasingly important that the 
photographer tan procure exactly the type and size of 
film, and the kind and type of photographic and 
processing equipment and materials he needs (42) 
Recognizing this demand on the part of their customers, 
the film, camera, and equipment makers have joined 

with the other groups concerned in a comprehensive 
standardization program covering dimensions, perform¬ 
ance requirements, specifications, and methods of test 
for film and photographic equipment, for chemirah used 

m processing, and definitions of the terms uxd This in¬ 

cludes a definition of what constitutes the speed of film 
and the calibration of exposure meters. Some of this 
photographic work has been adopted by similar groups 
in the British Commonwealth of Nations. 

The Society of Motion Picture Engineen and the Mo¬ 
tion Picture Research Council are taking the responsibil¬ 
ity for similar standardization programs on motion pic¬ 
ture film and equipment (45). 

The American Standards Association holds the secrc- 
tonat for still and motion picture projects in the Inten 
national Organization for Standardization and is 
steps at the present time to actuate this phaa. of the 
work. 

the buhding field 
The outmoded and non-uniform building which 

in many cases are blamed for contributing to the high 
cost of building in the United Sutes today are 

obvioi^y in ne^ of sundardiation. Nationally repre- 
senutive committees are working under the Building 
Code Correlating Committee of the American Standards 
Assoaation to prepare standards based on performance 

requiremenu rather than on Verifications for materials 
and equipment for use in imlfonn building codes (44). 
These committees work ^osely with the Natioiud Bimu 

of Sundards whidi is dotiit rbeatch on tn resistance. 
Row loads, combustible loids on certain types of 
buiM^ mid onjeqmrew {of and heat- 
ing applianees. Tke National b eo- 
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operating. As a result oi this research, requiremenu can 
provide, for example, that the material used in a floor 
or wall must be able to wtthsund a cerUin amount of 

heat or flame for a ceruin period of exposure rather 

than that a certain material of a speafied weight or siie 
must be used. 

Ckimmittee E-6 on Methods of Testing Building Con- 
strucuon of the American Soaety for Testing Materials 

1$ now starting to develop methods of test to determine 

the adequacy of the new matenals and types of con- 
strucuon The results of us work will be available for 
use in building code standards. 

Considerable work has been done on the development 
of uniform building codes to be recommended for 
adoption by state and municipal authorities The Paafic 
Coast Building Offiaals Conference has long had a code, 

which has been adopted by more than 400 municipali¬ 

ties, mostly in the west. It is kept up-to-date and is re¬ 
vised frequendy 

The National Board of Fire Underwriters, the na¬ 

tional trade assoaation of the stock fire insurance com¬ 
panies, developed a uniform building code for use by 

municipalities many years ago It has been revised fre¬ 
quently in order to keep it in tune with new develop¬ 
ments. 

The Building Officials Conference of America is now 
arculating a proposed model building code for com¬ 

ment 

The uniform adoption of a code based on perform¬ 

ance requirements rather than on specificauons would 

go a lung way toward speeding building through the 
use of new and more efficient matenals and more mod¬ 

ern techniques. That the adoption of up-to-date building 
codes IS urgent has been demonstrated in a tragic man 

ner dunng the past few years (45) Experts point out 
that loss of life in fires such as the Winecoff Hotel fire 

in Atlanta, Geoigia, and the Boston nightclub fire of 
1942 could have been laigely prevented, if the require¬ 
ments of the American Sundard Building Exits Code 

developed under the leadership of the National Fire 
Protection Association had been in effect. All of the 

buildings in which the major loss of life has occurred 

have fallen far short of the present standards of this 

code. The exit requirements for hotels and apartment 
houses are even now under revision. The new edition 

will probably be completed early in 1948 

One of the recent developmenu which is contributing 

toward lower-cost building is the projea on modular 
coordination (46). Through this program, building 
equipment and materials are designed on the basis of a 

four-inch unit to fit together at the building site. This 
plan has been applied by the Producers’ Council and the 

National RetaB Lumber Dealers Associauon in the de¬ 
sign of an "Industry Engineered House” {Al), which is 
pre-planned so that the exact vtw and number of pieces 

of material and equipmmit need^ can be ordered, thus 

preventing cutting qnd piecing at the building site. It 
is expected tbaf tlws'plaa will be of special help to small 
local buQdUla dq not 'tiave facilities for die large 

scale opetatildt^f^i^liSoei^ to put into effect the most 
ecDOKimicall' tneoliljtt. iPaoducers of such building ma¬ 

terials and'equipment as bdduit oonerete buifi^ng unita, 

and certain types of modular steel windows have an¬ 
nounced that their products are available in modular 
sizes The plan of modular coordination is being wide¬ 

ly used for the construction of veterans hospiuU, by 

aty building departments, and by institutions as well 
as by private construction companies. The Modular 
Service Association of Boston is carrying out the de¬ 

tailed work needed to put the standards developed by 
ASA Sectional Committee A62 into effect. 

STANDARDS FOR CONSUMER GOODS 

Ever since tlie organization of the American Engineer¬ 

ing Sundards Committee in 1918, industrial consumers 
have been working with producers to reach agreements 
on standards of quality, performance, and dimensions 
for the material and equipment they buy. Within the 

past few years, producers and distributors have begun 

to be aware of a need for similar work on household 
equipment and supplies (48). This has been especially 
true since the development of synthetic materials, high¬ 

ly complicated mechanical and electrical devices, and 

packaged foods and similar materials 

Such organizations as the National Retail Dry Goods 
Assoaation and the National Association of Hosiery 

Manufacturers have asked the American Standards As¬ 

soaation to organize nationally representative commit¬ 
tees to develop standards for women’s nylon hosiery, 

women’s dress sizes, and designations for the identifica¬ 
tion of rayon Under the leadership of the National 

Electrical Manufacturers Association, standards for the 

safe operation and satisfactory performance of electric 
flaurons, electric ranges, and electric water heaters used 
in homes are neanng completion. The sundards will 

include recipes for baking biscuits to determine the 

eifiaency of ovens as well as requirements for electnc 

wiring, insulation, and strength of the mechanical parts. 
In developing sundards for women’s industrial cloth¬ 

ing, the sizes proposed will be based in part on dau 

obtained by the U S Army when it measured the women 
who served with the Armed Forces during the war. ’The 

American Association of Textile Chemists and Colorists 
IS doing research that is expected to form the basis for 
recommendauons as to the number of washings colored 

textiles should stand without appreaable change in 
color. 

Calling attention to the importance of the new de¬ 
mand for sundards for consumer goods, the Amencan 

Soaety for Testing Matenals recently esublished an 

over-all Administrative Committee on Ultimate Con¬ 
sumer Goods, advisory to the technical committees that 

are working on projecu relanng to the consumer goods 

field 
Some groups of manufacturers have found that the 

use of sundi^rds offers a good selling point to their 
customers wh«n their producu are certified as being in 

accofdance with the sundard. The American Gas As¬ 

sociation has bad such a program for many year^. Its 

AGA Seal of A^iproval indicates to the public that the 
gas stove, or water heater, or other appliance on which 

the Seal appears, works satufacuwily and safely. Recent¬ 

ly a group of liunp manufacturers launched a sales pro¬ 

gram bas^ on standard tests for their lamps (49). The 
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Electrical Testing Laboratories carries out the tests on 
the lamps and certifies to their compliance with the 

standards agreed on. Seals of Approval are attached to 
these lamps and are featured in the advertising cain- 

paigns. 
A new American Standard outlining the procedures 

to be followed for assurance that certificauon is valid 
was approved by the American Standards Assoaation in 
1947. The National Electrical Manufacturers Associa¬ 

tion considers this subject so important that it has asked 
for comments on a statement of policy on certification 

labeling which had been endoned by its Board of Di¬ 

rectors (50). 

STANDARDS FOR SAFETY 

It is impossible to estimate the amount of savings to 
industry and the general public made possible through 

the application of safety standards to potentially dan¬ 
gerous working conditions (51). Some 150 American 
Standard safety codes now in effect offer recommended 

safe practices for such diverse problems as fire tests fm' 
building materials, safety shoes for industrial workers, 

the use, care, and protection of abrasive wheels, pre¬ 
vention of dust explosions, and safety glass for auto¬ 

mobiles (52, S3, 54). Such standards are part of die na¬ 
tional drive to reduce the accident rate sponsored by 

such organizations as the National Safety Counal, the 

National Fite Protection Assoaation, the American So¬ 
ciety of Safety Engineen, state labor and safety offi¬ 

cials, and other groups interested in the safety move¬ 

ment. 

American Sundard safety codes are generally recog¬ 
nized at authoritative because they are developed by na¬ 

tionally representauve committees in which the view- 

poinu of all groups concerned — industry, insurance, 
safety, labor, and government—are considered. They are 
widely used by sute regulatory bodies (55, 56). Without 

uniform r^ulationt, indusA'y it faced with the necessity 
of building machines to meet different requirementt in 

each state. In the early history of state safety regulations, 

Pennsylvania’s safety requirementt made a machine un¬ 
safe in Wisconsin. 

This problem was one of the important considera¬ 
tions in a request from the American Society of Bakery 

Engineers recently for an American Sundard Safety 
Code for the Bakery Industry (57) This first national 
safety sundard for the protection of bakery workers 

was completed within the past few months. The same 

considention is also imporunt in the work now being 
done to revise the American Sundard Safety Code for 
Mechanical Refrigeration. Inoreasirtg use of air condi¬ 
tioning, freezing units, and frozen foods has brought 
a wave of conflicting regulations for ufe installation of 

refrigeration equipment from the sute r^latory bod¬ 
ies. Because the code is out of date, the sutes have no 

guide for the development of uniform regulations f6r 
the new iiuuUations. Under the sponsorship of the 

American Society of Rehrigerating Engineers, the work 
on a revised edition is now being speeded as a protec¬ 
tion to manufacturers, disuibutors, workers, and the 
general public 

Industry benefits direedy {ram the use of Ametklm 

Sundard safety codes through the fact that insurance 
companies use these sundards as the basis of recom¬ 
mendations to the insured for the removal of accident 
hazards The premiums charged reflect the degree to 

which the insured, among other safety activities, is meet¬ 

ing the requirements of the ufety sundards. 

GOVERNMENT STANDARDS 

Cooperation by government and industry in sundards 

developed by government agencies is greater since the 

war than it had ever been before. A Policy Committee 

on Standards, headed by Charles £ Wilson, President of 
the General Electric Company, was appointed soon 

after the end of the war by the U. S. Department 

of Commerce to make recommendations on meth¬ 
ods of carrying out the future program (20, 21). This 
committee has recommended that the main activity in 

the development of industrial sundards and sundards 
lor coiuumer goods should be done by iiulustry through 
the American Sundards Associauon. Secreury of Com¬ 

merce Harrinun has asked this committee to continue 

its work. It includes in addition to Mr. Wilson: Dr. 
Frederick M. Feiker, Dean of Engineering, George 

Washington Umversity; Clarence Francis, Chairman of 
the Board, General Foods Company; Ephraim Freediiun, 

R. H. Macy & Company, Inc; Dr. Frjink B. Jewett, 

President, Nauonal Academy of Saence, Arthur D. 
Whiteside, President, Dun & Bradstreet, Inc.; R. E 

Zimmerman, Vice-President, U. S. Steel Corporauon. 

Another committee of executives from industry and 

imporunt trade assoaations and technical oiganiu- 
tions is acung as an advisory committee to the Federal 

Specifications Board, bringing industry's viewpoint into 
the development of sundard speafications for the sup¬ 

plies used by all of the Government’s executive agencies. 
Hie extent of this usk is indicated by the fact that, as 

of May 31, 1947, tliere were 9700 specifications for gov¬ 
ernment purchasing, including F^eral Specifications, 

Army, Navy, and Joint Army-Navy specifiations (58). 
Federal Speafications are issued by the Bureau of Fed¬ 

eral Supply of the Treasury Department and developed 

by technical committees under the supervision of the 
Federal Specifications Board. The Director of the Na¬ 

tional Bureau of Sundards is chairman of the Board, 
which is made up of representatives of some 11 Federal 

agencies. The Standards Branch of the Bureau of Fed¬ 
eral Supply furnishes technologists who work with 77 

specialized technical committees in developing the sped- 

fications. These committees have a combined member¬ 
ship of approximately 1300 technical experts drawn from 
throughout the Federal Government. When the equip¬ 

ment or supplies purchased by a Federal agency must 
meet special requirementt, as in the case of the Army 
and Navy, that agency sets up its own sundard speci¬ 

fications. A serious effort it being made by the Aimed 

Services to coordirwte their requirementt in the inter¬ 

est of interchangeability of parts and equipment through 
the Joint Army-Navy Specifications- 

’Xhe National Bureau of Standgidt it the piiadpal 
^ncy of the Government for fundamental reteutth in 

pbysia, chemistry, and eng^neeih^ andjuts dm custudy 

of die fandamental itandardt eteightt tod mgiiigaMt, 
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which are used in calibrating all the working standards 

in research laboratories and industry (59) A recent an¬ 
nouncement by the Bureau calls attention to a “new 

and better standard ot length" than the plaiinuni- 
iridium meter bar which since 1889 has been the world’s 

standard The new standard is the wavelength of green 

radiation of mercury 198, an isotope transmuted from 
gold by neutron bombardment, which the Bureau ex¬ 
plains gives a more accurate measurement than the 

meter bar (60) 

As the service to industry, the Bureau issues Com¬ 
mercial Standards for manulactured products and Sim¬ 

plified Practice Recommendations (61) to eliminate 
avoidable waste by listing those sires, types, dimensions, 

and varieties of manufactured piodutts that satisfy 

major demand This work is done at the request of the 

industrial group concerned 

It also does a great deal of work on safety codes, 
plumbing codes, building codes, and specifications for 
construciion, building materials, and other commodities 

The Bureau is a member of many of the committees 
of the Amencan Standards Association and acts as ad¬ 

ministrative leader for 16 of them Announcing that 
work IS being started on a revision of the Amencan 

Standard Safety Code lor Elevators, which the Bureau 
sponsors jointly with the American Institute of Archi¬ 

tects, the Bureau declared recently that these ccxle re¬ 
quirements and the testing and certifying of elevator 

safety devices iia\e resulted in a steady decrease in tlie 
number of elevator accidents thtoughout the United 
States dunng the past 20 years, despite tlie fact that the 

number of elevators in use has increased matenally 
I'his offers an excellent example of the way in which 

the Bureau cooperates with industry In addition to 
serving as a sponsor for this American Standard project, 
the Bureau has carried on research which has provided 

data for use in preparing the standard. Test proce¬ 
dures to detect weaknesses and cause of failure in eleva¬ 

tor hoistway door interlocks and in undercar hydraulic 
buffers were approied by the sectional committee on the 
basis of several years of research done at the Bureau 
Similar cooperative work is now going on in connec¬ 

tion with the development of a safety code for the pro¬ 
tection of industrial workers using X-Ray equipment 

Standards activities of several of the Government 
agencies have a special and direct effect on the general 

public These include the Civil Aeronautics Board which 
promulgates safety standards in the form of avil air 

regulations, the Food and Drug Administration which 
maintains supervision over products sold in interstate 

commerce which are subject to the Federal food, drug, 

and cosmeuc laws, and the Federal Trade Commission 
which is charged with preventing unfair methods of 

competition and unfair or deceptive acts or practices 

in commerce 

Tlie Civil Aeronautics Board, which promulgates 
safety standards, and the Administrator of Civil Aeronau¬ 

tics, which enforces safety standards, rules, and regula- 

uons, together make up the Civil Aeronautics Author¬ 

ity The Civil Acionauiics Board also provides informa¬ 

tion and coordinates us activities with those of the In¬ 

ternational Civil Aeronautics Organization in the de¬ 
velopment of all international safety and operauonal 
standards 

riic Federal 1 rade Commission, in a large measure, 

bases its findings on standard definitions, specifications, 
and methods of test In many eases, if standards are not 
available it is necessaiy for the Commission to formulate 

them before it is possible to determine whether a trade 

practice is unfair or deceptive 
Standaids for food and drugs are prepared by the 

I-ood and Drug Administration of the Federal Security 
kgeniy as a basis for its inspection of factories for sani- 

i.iiy conditions and the packaging and labeling of prod¬ 

ucts destined for interstate shipment The Food and 

Diug Administration also makes intensive studies of 
trade piaciiccs and consumer understanding in prepar¬ 

ing definiuons and standards for food shipped in mter- 
suic commerce 

The Division of Labor Standards of the U, S De¬ 
partment of Labor is responsible for helping to de¬ 
velop and promote standards of safety and health, and 

for providing technical advice and service on safety 
and health to state labor departments, trade unions, and 

trade associations Upon request, they assist in the 
prcpaiation of state industrial safety codes. 

CONCLUSION 
la suiiiniarizing the place of standardization in mod¬ 

ern industry, an article published recently by the Royal 

Bank of Canada (62), succinctly states the problem: 

"In umes of peace, standardization may mean that the 

manufacture! will have less capital ued up, greater vol¬ 

ume of pioduction, with lower costs; more efficient in¬ 
spection ai.d consequently better customer satisfaction, 

icduced accounting, record, and office cost; and a more 
even flow of production, providing improved service to 

puichasers in quality and in promptitude of delivery 
It IS obvious that a standard way of assembling a 
watch or an automobile will give better returns in terms 

of quantity and quality than a haphazard way. 

Illustrations for this chapter were obtained 
through the courtesy of Amencan Standards Asso¬ 
ciation, FIA Fire Safety Laboratory, National 

Bureau of Standards, Westmghouse Electric Corp, 

and the International Organization for Standard¬ 
ization 
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CHAPTER XXVn_ 

TEXTILE INDUSTRY 

by Julian S. Jacobs 

THE ECONOMIC FRONT 

Rarely, if ever, has a major industry experienced an 

upheaval of the magnitude of that which has occurred 
in recent years within the textile industry of the United 
States, The shock of this upheaval which has disturbed 

the economic front of textiles has not been without its 

effect upon the technological front as well 

Integiation 

Although the main intent of this paper is to recount 

the technological progress in the textile industry, the 

reorganization which has been taking place within it is 
fraught with such far-reaching significance that it claims 

first place in this discussion 

Consolidation of ownership and control of manufac- 

ture and distribution has progressed with such rapidity 
that, at the present time, an esumated (I) 75 per cent 

of the cotton industry is fully or partially integrated, 

compared with 25 per cent before the war. Although 

integration had its beginnings principally among the 

cotton interests, at least one organization, known chief¬ 
ly for its woolen and worsted products, has expanded 

to include cotton and rayon fabric manufacturing units 

and now has some SO mills in the combine 
Integration has been both vertical and horizontal In 

the past, many (perhaps a majority) of the cotton mills 

carried their manufacturing processes from the cotton 

bale only to an intermediate product called gray goods 

(unfinished cloth as it comes off the loom) Gray goods 

were marketed, for the most part, to converten through 

commission houses and selling agents. The converten 
tent them, on account, to be finished, bleached, dyed, 

printed, etc.) to mills which specialized in the finishing 
processes, llie converters then marketed the finished 

goods. 
For familiar reasons induced by wartime conditions, 

among which was the necessity either of securing needed 
raw material or of goods for distribution, there have 

been formed vertically integrated organizations em¬ 

bracing two or more steps in the' chain of operatioiu. 

Illustrative of the extreme type fully integrated com¬ 

pany is Textron <2). whose Blgmintien encompasses 
every step from coUop bale to ultimate consumer 

product. 

Horizontal, inte^tion-that is, the merging of uniu 

on the sattl&:.teyel Info one orgaiiization-alto has not 

been neglecli^ 

Gossjectulre has heen rife, and heated aqfUfmcnts pro 

of tbdie tnmdmam growths and their fodgntige t^t 

on the industry Certain published reports (S,4) have 

weighed the advantages and disadvantages of different 

types of integration A recent magazine article (1) fur¬ 
nishes a clear picture of the development of integra¬ 
tion, cuing numerous examples. It also discusses facton 

which have affected the welfare of the industry since 

Its foundation Charts, covering the period since 1920, 
illustrate the trends of raw-cotton prices, gray-goods 
pntxs, wage rates, mill margins, profiu, and pr^uc- 

iion A report by Dali (5) deals with the epidemic of 

mergers and lists the textile-mill mergers and acquisi¬ 
tions for the period January, 1944, to June, 1946, in¬ 
clusive 

Some have held that the trend toward confolidation 

has been impermanent, since huge, loiely knit organi¬ 

zations are unwieldy and, like houses built of cards, will 

not stand the winds of competition. They point out 
that already units are being dropped or closed. 

Others maintain that such organization means the 

salvauon of an industry which has been comprised of 

a multitude of small units with comparatively few large 
or strong ones, an industry which grew like Topsy, and 

which has lacked cooperation and efficient manage¬ 

ment; that much of its machinery and many of its man¬ 

ufacturing metliods were obsolete; that it lacked the 
science and technology necessary to survival in modem 

tiroes. They maintain, for example, that combination 

insures the capital required for extensive researdi, and 

for the application by industry of the resultt of re- 
searcli The latter will include replacing much present- 

day machinery with machines of radically differont de¬ 

sign and eliminating many intermeidate steps in manu¬ 
facture in favor of continuous processes. 

The Cotton Belt 

Early in the war, wide publicity was given to a catch 

phrase, "the Battle of the Fibers," referring to the as¬ 

cendency of rayon and synthetic fiben. “King Cotton 

IS Doomed," so ran the headlines Dire predictions were 
made concerning the future of the cotton industry, 

upon which the major economy of a large part of the 
South depends. 

There was, indeed, sufficient basis of fact to justify 

alarm. Military specifications required the substitution 

of rayon and nylon for cotton in tire cords; improve¬ 

ments in rayon fibers and in rayon fiber and fabric 

treatment indicated that rayon would capture certain 
apparel irtarkets previously held by cotton: and the cost 

of raw cotton had risen so much that rayon oo&ld com¬ 
pete with it on a price basis. 

The result, hosvever, has awakened the cotton inter- 
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ests to the necessity of abandoning dependence on an 

.irtifiaally supported price structure and of giving tech¬ 

nology free rein to do five important things; (a) intro¬ 
duce greater mechanization and improved agricultural 

practices and soil conservation to produce cotton at a 

price which would yield a fair return to the grower 

.ind at the tame time insure a market of from IS to 15 

million bales annually; (b) produce an improved qual¬ 
ity of lint which would reduce processing costs at the 

mill: (c) develop ginning machines to preserve fiber 

quality and improve the grade of both machine- and 

hand-picked cotton; (d) expand research in the field 

of cotton processing and marketing in the interest of 

inaeased efficiency, and (c) develop improved man¬ 

ufacturing method and new fiber and fabric treat¬ 
ments. 

among which were "Adjustments Toward Efficient 

Agriculture in the South"; "Cotton Goods Production 

and Distribution Techniques, Cost, and Margins”; "The 

Competitive Position of Cotton and Other Materials"; 

and "Production Studies of Synthetic Fiben and Paper." 

Technological developments in the raising of cotton 

will be treated in the section on fiben in this paper, 

but one economic bugaboo seems to be disappearing 
Even now, before mechanizauon can become generad, 

one finds empty shacks on every hand in the cotton¬ 
growing areas owing to the migrauon of workers to 

more lucrative occupations Cotton still unpicked at 

planting time in 1945 was mute evidence of the loss of 

labor (7) The problems of what to do with worken 

displaced by machines evidently will solve itself. 

In a report by Dr Frank J Welch, Dean of the 

School of Agriculture, Mississippi State College, to the 

National Cotton Counal at a meeung held in Stone- 

ville, Mississippi, August, 1947, it was brought out that 
14-cent cotton would be needed to maintain the market 

mentioned above It was estimated that a stabilized mar¬ 

ket of between 14 cents and 20 cents might be expected. 

Worthy of study is the report of the "Hearings Be¬ 

fore the Special Sub-committee on Cotton" (The Pace 

Committee) (6). This 877 page document covers a fact¬ 

finding program which was divided into 9 projeett. 

Meehcmical cultivcrtien of cotton alae includoa kilHag 
woods with Hobo cultivator. 

THE TECHNOLOGICAL FRONT 

The Natural Fibers 

In the field of natural fibers, the outsunding develop¬ 

ments of recent years have been in cotton production, 
with progress also evinced in the cultivation and me- 

dianical decortication of ramie. Fiber treatmentt and 

chemical modification will be discussed in later sections 

of this paper. 

Mechanization of Cotton Production. Although a pat¬ 

ent was issued as far back as 1850 (8) on a mechanical 
cotton harvester, and the fint patent to Campbell 

(whose patents were later acquit by the Interna¬ 

tional Harvester Company) in 1895, it was not until 
the early 1940s that improvements in spindle-type pick- 

en led to large-scale experiments with mechanical pick¬ 
ing. Gerdes reported (9) in 1945 that more than 100 

spindle-type pickers were in use that season. A history 

of the development of cotton harvesten (8) describes 

the various types and lists over 650 U. S. patents 

granted through 19S1. Cotton strippers are being widely 

used in West Texas and Oklahoma for harvesting short- 

staple cotton after frost late in the season (10). 

Along with a pracucal harWster has been the develop¬ 
ment of mechanical choppen and also flame weed kill¬ 

ers (11,12). Remarkable savings in labor have been re¬ 

ported (19,14), so that complete medianization is, at 
least in certain areas, nearing the practical stage (15). 

However, many related problems still must be solved 
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before a general program of mechanization can become 

.1 reality The U S Department of Agriculture states 

(16) that "Although widely publicized, the use of 
mechanical pickers in harvesting cotton has been neg¬ 

ligible from an overall crop standpoint" 

Notable improvements in ginning have recently been 
made (17). Processes for cleaning lint in tlie gin. sup¬ 
plementary to the ginning operations, have been devel¬ 

oped by the U S Department of Agriculture Ginning 
Laboratories and the gin manufacturen, thus making 
incrhanic.nl harvesting more prohtable Better methods 

of packaging are under consideration (18,19) Improved 

strains and reduction of the number of varieties of 
loiton in principal production to 6 major and 3 minor 
varieties have been reported (20) Berkley (21) has re¬ 
viewed in detail recent cotton research including some 

unpublished data on fiber variations and relationships 

Ramie The history of attempts to promote the use 
ol ramie in the United States since it was first intro¬ 

duced about 1855 has been one of repeated failures in 

spite of Its many superior characteristics as a textile 
liber Only within recent years has senous attention 

been given to its culture and to mechanical processes 
for decortication and degumming, which, in the Orient, 

have been done solely by hand Only in the past two 

yc.irs Iws the work undertaken by large interests ap¬ 

proached the development stage. In December, 1945, 
D.ill (22) discussed the status of ramie, its history, physi- 

f. d properties, problems of preparation and uses, and 

g. ivc a roster of firms which have handled, processed, 
or promoted it Robinson (23,24) gives the total pro¬ 

duction (>{ fiber in 1946 as 130 tons An unofficial esti¬ 
mate of the 1947 production is 1,000 tons.* The years 

1945 to 1947, inclusive, have seen the entry of a num¬ 

ber of firms into the field A recent report (25) describes 
these developments and discusses progress to date, prob¬ 

lems to be met, and the outlook for the ramie industry 

riax A new variety of flax called "Cascado" is under 

experimental development. It appears to have promise 
because of its resistance to rust. 

ffemp Work is in progress on the chemical decorti¬ 
cation and experimental spinning of hemp. Also a new 

variety is being experimentally cultivated A character¬ 
istic of this variety is its heavy yield of seed 

Synthetic Fibers 

Improved tensile strength and other physical and me¬ 
chanical properties, improved staple, and the develop¬ 
ment of new types with special characteristia, together 

with the advent of crimped and upered fibers, hive 

added greatly to the versatility of the older, welldmown 

types of rayon and synthetics. In addition, new fiben 
have appeared-some of them with built-in properties 

capable of being controlled by variation in the treat¬ 
ment they receive during manufacture in order to adapt 

the fiber to specific end uses. Another sign of progress 

is the number ,cif new firms entering the field of manu- 
fattuied ffiaen. 

*The Ml, 1S47, horrteaa* aaoMd Hriout di 
• QwMi am 
tSMttliwtt, . 

|| pnaorttai lar Mow 

In the last year or two the synthetic fibers have been 

the subject of some readable and informative books and 

articles* A recent issue of Textile World (26) features a 

chart giving a complete hst of all the synthetic yams 

and fibers, Ivoth filament and suple, that have reached 
the stage of commeraal production, as well as their 
physical properties, uses, methods of manufacture, the 

available denier sizes and suple-fiber lengths, and the 

addresses of the manufacturen There is an excellent 
review (27) of the field as it was at the beginning of 

1945 which gives the properties and potential uses of 

the principal types then in commercial use and also of 

some which still are in the experimental stage. Another 
review (28) of fibers includes discussions of fiber and 
fabric treatmenu and finishes The Shermans in their 

book. "The New Fibers" (29), provide a detailed ac¬ 
count of fiben currently in use and under development. 

A chapter is devoted to chemical treatment of fiben 

and a seaion of parucular interest to technicians lists 
more than 1,600 patents. 

Among the interesting new arrivals is Vinyon N (30), 
of the family of vinyl resin fiben. a copolymer of vinyl 
chloride with acrylonitrile It is attracting much atten¬ 
tion because it appears to offer superior characteristia 

as a texule fiber It is an excellent illustration of the 

wide diversity of properties that can be built into a 
fiber to suit the application Five or more distinct types 

of Vinyon, each with diRerent characteristia, can be 

manufactured from the basic resin. These range from 
one with relatively low tenadty but with exceptional 

crush- and abrasion-resistance and resilience, suitable 
for pile fabria, to one with strength as high as 4 3 

grams per denier and low elongation, which appean 

'In view of the leek of MTreement u to ■ imtemsUe eUuslltee- 
tloB. or even b iwnerle term, for menutBetored aheri It b beeen- 
Ibx ooninDn practice to Bppir the term Nratbetle to all other than 
the natural nbera. 
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promising for cordage. The latter has the highest heat 
resistance, its shnnkage at 284 deg F being practically 
negligible. All of the Vinyons (31,32} exhibit remark¬ 
able resistance to chemical and biological degradation 

'Hie acrylonitriles (29,38) belong to an entirely new 
class of fibers The industry is awaiting with interest 
the commeraal appearance of Du Font’s Fiber A. Like 
Vinyon N it is a copolymer, but is reported to have 

acrylonitrile as the pnnapal component, with such de¬ 

sirable properties as high strength, low density, and re¬ 
sistance to mildew and chemicals It is said to be ca¬ 
pable of giving fabrics a silk-like hand. Few details of 

Fiber A are available up to this writing. However, a 
survey of the polymers, their preparation, and proper¬ 

ties has appeared (34) 

Another class of copolymcrs-vinylidene chloride—the 
development of textile uses for which was interrupted 

during the war, is now being manufactured as mono¬ 
filaments by several firms (and multifilament yams 

have been shown). These products are Satan (85) by 

National Plastics Products Co. and by Lua-Tras Ex¬ 

truded Plastics Co (a newcomer); Velon (36) by Fire¬ 
stone, and Viscord by the Visking Corp. Vinylidene 
chloride is thermoplastic and softens at 200 deg. F It 

has found uses in window screens, upholstery fabna, 

hand bags, etc. It is a strong fiber and is unaffected by 

most chemicals. 

Polyvinybcbloride filaments have been made experi¬ 

mentally, as have multifilament yarns from polystyrene 

A plastic-coated yam based on a core of cotton, syn- 

theucs, linen, etc., has appeared on the market under 

the trade name of “Plexon” (37) 

Several new varieties of nylon have been reported, 
among which is a new elastic one with properties akin 

10 those of rubber The elastic modulus of this poly¬ 
amide IS said to be 20 times that of rubber fiber and 

Show long-droit spinttiaff ayaUm: At right, top roUa oca 
lamevad, axpoaing opren. 

the tensile strength 5 times as great. And, in 1947, nylon 
made its bow as a staple fiber (38) 

Of the protein-base fiben, recently given the generic 
name "Azlon,” Aralac, from casein, appears to be the 

only one in commercial production, although the 

Drackett Corp was expected to launch “Soylon" (soy¬ 
bean protein) as a full-fledged fiber by the end of 1947 

Considerable progress is being made both in the United 
States and England on vegetable proteins. The Regional 

Research Laboratories of the U. S. Department of Agri¬ 
culture are working on these The Eastern Laboratory 

(Philadelphia) is active in the improvement of casein 
fiber (39,40). Dry strength as high as 1.0 gram per 

denier (the dry strength of wool is about 1J g./den.) 

and wet strength of 0.7 g./den have been reported. A 
study IS in progress there also on the relationship be¬ 

tween the molecular structure and fiber properties of 
natural and synthetic protein fibers (41). The Western 
Laboratory (Albany, Cahfornia) is developing fiber 

from chicken feather keraun (42). The Southern Labo¬ 
ratory (New Orleans) is working on a fiber named 

"Sarelon" (43) from peanuts, and the Northern Labo¬ 
ratory (Peoria, Illinois) is working with Zein, a protein 

from com meal (44). A new entrant into the field of 

manufactured fibers is the Virginia-Carolina Chemical 

Corp, with another fiber from peanut protein, which 

has been trademarked "Vicara” (45). 

In England intensive development of fiber from pea¬ 
nut protein has been underway; the British have named 
It “Ardil” Although considerable data have been pub¬ 

lished (46) concerning the experimental preparation of 

the fiber, its properties, and experimental fabrics made 
from It, very few details concerning its further develop¬ 
ment and the extent of its practical use have found 
their way into literature 

The British have pioneered also in the development 
of rayon from algin products obtained from seaweed 
(47-49) As a result, a series of fiben with interesting 

characteristia have been produced. Whereas some of 
these are alkali-resistant, a unique feature of calcium- 

alginate rayon, for example, is that it is easily dissolved 

by ordinary scouring processes. It possesses satisfactory 

elastic properties for weaving and knitting and can be 
used as a carrier for soft and even twistless yams. After 
the fabric has been made, the alginate ^er is dis¬ 

solved out. 

A new fiber-forming polymer, "Terylene," derived 

from terejAthalic add and ethylene glycdl, has been 
announced (50) by Imperial Chemical Industries. Tech¬ 

nical reports have appeared which deal with the chem¬ 
ical and jshyrical structure of the fiber (51,52),and re¬ 

cent progress in devdopment has been reported (53,54). 

This ngw fiber is charicteriied by exceptional resistana 
to ligh^ heat, and moittuie. It has a high elastic modu¬ 

lus and excellent resiliency Fine filamenu below ou 
denier are said to have bqi^ produced. At present the 

difficulty d dyeing tends to iMirict iu as|, 

a,advances IN MANUFIlCfUlIZNG 
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1911. "The day will come when the raw stock will start 
m the mixing picker and not be touched by hand unul 

It appears as a fabric” Had he hved, he would have 
seen his dream approach reality. As a matter of fact, 

the bonded-web fabrics today fulfill that prediction, al¬ 

though they are for specialty purposes and are not yet 

adapted to wearing apparel 

Recent years have seen tlie elimination of many in¬ 
termediate processes—fewer drawings and doubhngs, for 
example—and the practical operation of continuous 
processing In these advances the engineer has worked 
hand-in-hand with the chemist, for new chemical treat¬ 

ments have called for new mechanical equipment and, 
for successful operation, both have required electronic 
instrumentation for rigid control 

Conversion of Fiber to Fabric 

Released from restrictions of war production, the tex¬ 
tile industry has engaged in a reconversion and modern¬ 
ization program of great magnitude Figures on expendi¬ 

tures and commitments for 1947 indicated a gain of 35 
per cent over the total dollar volume for 1946, with a 

total expenditure for 1947 of nearly 415 million dollars 
(55) Advances have been made all along the hne. not 
only in new processes and machinery of radically new 

design, but also in refinements and improvements to 
equipment on hand, with the aim of increasing produc¬ 
tion, improving the product, and permitting better con¬ 

trol of operations Rapid progress has been made also 
in devising better methods for materials handling, evi¬ 

dence of which may be found in the pages of textile 
publications, which continue to describe new installa¬ 
tions which h.'ive resulted in notable savings Space here 
will permit touching only the highlights of recent prog- 

ressi the annual reviews (56,57) of the field give addi¬ 

tional discussions of progress and trends 

Spinning. Present-day spinning and roving frames are 
greatly improved over those of a few years ago Al¬ 

though the long-draft roving frame was built as long ago 
as 1932, long-draft spinning has come into its own only 
in the last few years. Two of its main advantages are 
greater flexibility in the use of fiber lengths and the 
elimination of some of the conventional multiple 
doublings One mill which has had a long-draft system 

in operation for 4 years reports remarkable saving in 
the card room Now only 4 rovings are made, whereas 
on the old system as many as 12 were often run (58). 
At the same time, stronger yarns are possible provided 

there is close control of uniformity of sliver, roving, and 
yard An automatic uniformity tester, and other de¬ 

vices for the same purpose, have been described by 
Vose and Plummer (59). Another arucle (60)) describes 
some of the principal long-draft systems currently in use. 

The recently instituted "American System," employ¬ 
ing the long-draft principle by which wonted yarns 
can be spun successfully on cotton frames, is attracting 

wide interest both in the United States and abroad The 
fact that cotton mills can now make wonteds on their 
system at a considerable saving in production costs has 
brought them into competition with the old-line manu- 
hicturers of worsteds It is claimed (61) that, svith the 

two systems running side by side, the American showed 

an estimated saving of $10 00 per spindle per year on 
a two-shift basis as compared to the regular worsted sys¬ 
tem In articles by McConncl and Bogdan, one type of 

organization designed for this system (61) and another 
for spinning 40s wonted count yam from top wool in 
4 operations (62) are outlined However, certain lim¬ 

itations remain to be overcome For example, there are 
minimum and maximum limits to the length of fiber 

which can be accommodated, also the top used must be 
much more uniform than that required for the regular 
systems It is believed that it will be necessary to over- 
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come these limitations before the system will have wide 

acceptance. 

The advent of staple synthetic fiber has given great 

impetus to fiber blends, which has led to much work 
on their use on cotton as well as on woolen and worsted 

machinery systems (63). A very promising new roving 

trame, and other important developments now under¬ 
way, are expected to provide the versatility necessary 

for handling a wide range of fiber lengths According to 

a recent announcement (64), the new pin-drafting ma- 

(hine manufactured by the Warner & Swasey Co. is ^ 
ing into mass production This machine is said to handle 
wool, cotton, synthetic staple, or blends of these fibers, 

and to reduce the number of steps in the operations 
between combinsr and roving 

Mention should be made of the methods for produc¬ 

ing staple hber trom rayon tow, which is known as 

tow-to-top conversion. A rope-like collection of con¬ 
tinuous filaments, called "tow,” is processed to break 

the filaments into suitable lengths for carding and spin¬ 

ning Tow may also be broken or cut to make conven- 

uonal top for spinning on the worsted system Two 

systems, the Perlok and the Campbell, developed in the 

United States, have been described (65). Oeuils con¬ 
cerning a third, in use at Pacific Mills, have not been 
released A fourth system is the Greenfield, developed 

in England (65,66) 

Yarn is being produced directly from card sliver or 
from roving without spinning At Riverside and Dan 

River Cotton Mills this is accomplished in two steps: 

(a) impregnating the roving with a suiuble resin, and 
(b) curing it under heat and tension (67). Avondale 

Mills now have a system capable of spinning yam di¬ 

rectly from card sliver (68), known as the Avon drafting 

system, in which the conventional roving and spinning 

processes are done by a single machine. The system, 
basically a set of long-draft slubber rolls running in 

tandem with a set of long-draft spinning rolls, consists 
of five sets of rolls, two sets of which are covered with 

short carrier aprons This assembly has proved success¬ 

ful for drafts up to 300, with drafu up to 600 having 
been used experimentally 

The United Sutes Rubber Company's Texule Divi¬ 
sion has, by a special process, constructed a yarn in the 

shape of a coiled spring. This was first made in 1947, 

from cotton, although the Division expects to work 

also with wool, synthetics, and other fibers. From this 

coiled-spring yarn an elastic fabric has been woven 

which is called Strex (69). The amount of elongation 

can be regulated from SO to 100 per cent, depending on 

specific purposes, and the fabric can be made with eqiud 

stretch warpwise or fillingwise, (h- the stretch may vary. 

Strex found iu fint practical application in smgical 

bandages, but it appean to have interesting poten- 
tiahties. 

Weaving. A mild revolution in the field of weaving 
machinery appears to be a poMibiUty. Severol iooms 

of radically Afferent design from the conventioiial one 

have been built abroad. It ii alio nuacned that finni 
in this country whidi peeviooily had not manitfacnited 

textile machinery are experimenting with 1oo«h d(,<iew 

design One of these, the F. W. Kellogg Co., a sub¬ 

sidiary of the Pullman Company, is reported to be 
building a battery of looms for large-scale trial. An¬ 

other rumor has it tliat a large shipbuilding company 

IS planning to manufacture looms. 

The foreign-built loom which is attracting the widest 

attention is the Sulzer bobbinless-shuttle loom, a Swiss 
product. It is said to operate at 230 picks per minute, 

or higher, for a triple-width fabric, whereas the speed 

of U S. looms IS approximately the same, or lower, for 

single-width fabric. Descriptions of the Sulzer loom have 

appeared in various periodicals (70,71). An American 
version is in expenmental development (December, 

1947) by the Warner & Swasey Company, a well-known 

builder of machine tools Shuttleless looms for specialty 

purposes have been invented in England (72-74). 

Bonded webs, or non-woven fabnes, are being devel¬ 

oped for a number of new purposes. In addition to the 

earlier, well-known products such as tea bags, dispos¬ 
able tissues, surgical gauze and the like, fabrics such as 

curtains, drapes, napkins, and wiping cloths are being 

made Rayon or synthetic staple, as well as cotton, are 

being employed. Processing methods, which vary among 

the different manufacturers, have not been disclosed, 

but in general multiple layers built up of fiber webs 

are run through a chemical bath and then given a heat 

treatment which bonds them together to form a thin 

sheet or fabnc 

Knitting Altough warp knitting is not a new art, its 

possibiliues for produang low-cost fabric have been 
realized only since modem advances in techniques. The 

chief center of interest has been the tricot machine (75- 

79), which appean hkely to outrank other types of 
warp knitung machines, except perhaps for certain end 

uses to which the latter are especially adapted. 

It was not until 1946 that much attention was drawn 

to the tricot method; indeed, the fact that knitted fab¬ 
nes without stretch could be produced on the tricot ma- 

diine was a secret until 1947. In the United States the 

American Viscose Corp. pioneered with the Aveco ma- 

diine, which operates at about 500 courses per minute 
and IS built in 168-inch width. The much publicized 

F.N.F, Machine (76-78) recently developed in England 
and first demonstrated in the U. S. by the American 

Viscose Corp., as an 84-inch machine operating at 1,000 

courses per minute. 

Thus far use of the tricot machine has been confined 

pnnapally to fine-count yams. The most popular tricot 

fabric today it rayon jersey for women’s dn^, and it 

u widely use also for undergarments. Considering the 

extremely high production possible with this machiae. 

vhich requires lower capital inveitment and lower cost 

of labor tor the same yardage obtained from looms, one 
is inclined u> speculate on the poiiibilitiet for com¬ 

petition with the loom. 

W*t Processing tittd Finishing 

Continuous Preeesses. Gonqdcuous aaoiig «hfr iaa- 
portam ^dvancei in textile maiiuiMtiKfiiv tun been dw 
success achieved in oontieuOttt pMOiilim 
replace conventioiua batdz misdsbAi 
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ations. Sumulated by the necouty for increased pro¬ 
duction and saving of manpower, some designs were 

completed and installauons were made during World 

War il through a three-way cooperation between mills, 

research stafis of large chemical manufacturers, and ma¬ 
chinery builders. Although the primary purpose of war- 

tune installations was not to eftect economies in opera¬ 

tions, the notable savings in chemicals and steam, as 
well as in labor and in floor space, attracted wide in¬ 

terest. A number of machine builders have recently 

added conunuous ranges to their Lnes and the textile 

industry has been acuvely engaged in improving exist¬ 

ing processes and adapung continuous methods to other 
steps in fimshing operations. 

One of the most recent arucles on the subject (80) 

discusses the two general types of finishing ranges used 
for cellulosic fabrics: the continuous cloth-preparation 

range and continuous dyeing Schemauc diagrams illus¬ 

trate the Ou Pont, the Becco, and the Williams systems. 

And in an earlier article (81) the basic pnnaples of 

several systems are outlined. Although the first contin¬ 

uous bleaching systems handled cloth only in rope form, 
designs for open width are now in use Combined all¬ 

purpose ranges have so far not been attractive commer¬ 

cially (82). In the operauon of a typical range, many 
advantages over the old kier-boiling method have been 

demonstrated (82,83) The mill which recently installed 
the first system using sodium peroxide instead of hydro¬ 

gen peroxide considers the quality of the bleach to be 

equal to that achieved by the Ider method (84) Inci¬ 
dentally, installation of automatic controb to the J-box 

effected an additional saving of 40 per cent in steam 
consumpuon McNab's general discussion (85) of the 

subject of bleaching compares Biiush and American 

methods. 

A new development is a range for bleaching knit 

goods continuoudy that requires a total elapsed time 

of 1.5 hours instead of the overnight period necessary 

in the kier system (86). 

In the field of dyeing, application of vat colors by a 

continuous process hat not only increased production 
and reduced cosu but has provided a simplified method 

vdiich b ideal for dyeing cotton and rayon, either 
straight or in mixed-fiber compositions. By certain modi¬ 

fications, sulphur colon have been applied to cotton 

with ouuunding success. In this development the Du 

Pont Company has pioneered (87,88), as it did in con¬ 
tinuous bleadng (82) and, early in the war, in contin¬ 

uous indigo dyeing of woolen piece goods(89).Other 

systems have come into use (80) and one of these, the 
WiUiatns system (90), whidi difftan in some particulan 

from the Ou Pont, is also constructed for scouring and 

Ueadhing as well m dyeing. 

Zn at least one instance continucnit dyeing has been 

applied to warps with a continuous dyeing slasher (91). 
And recently die rejnesentative of a manufaaurer of 

fittiihbig mashioiery predicted (92) the successful appU- 

entiotl of pieienb^ not dyeing to cotton and rayon 

waspik, so weU. as oondnooui nwstodi Ueadhing. and 

niipw of MKe yon«i^ 

easdy changed or converted to suit changing chemical 
requiiciueiiis 

Except for dyeing of indigo referred to above (89), 

wooien cloth dyeing as a continuous process has not 
been successful. However, a successtul installauon for 
conunuous dyeing ot indigo on wool raw stock was 

made about the same ume (93), and the field of woolen 

operations has not, by any means, been neglected. Con¬ 
tinuous clocii carbonizers were in umversal use long 

before World War 11, and conunuous doth washers 

went into commeraal operauon during the war (94, 

95).There is now a conunuous fulling machine for 

woolen piece goods (94-9b;, and also a successtul con¬ 

tinuous dry-deamng process for mill use. The expeii- 
menul work on the latter was described in 1939 (97), 

and the process was later reported to be in successful 
operauon (94). 

Fully automauc flame singeing machines have lowered 
labor cosu and reduced cloth spoilage (98).Other im¬ 

provements on various types of processing machinery 

have resulted in more efficient operation (99). 

Progress in Chemical Processes Although progress in 
the chemical phases of processing has kept in step with 

machine development, much fundamental work remains 

to be done-on the applicauon of dyes and on sizing, 
for example. In fact, many problems in dyeing the 

newer synthetics remain unsolved. On the other hand, 

gratifying results have been attained in the application 

ot pigments in dyeing as well as in pnnung. It is also 

reported that in England a colloidal dye has been per- 

Thia unit amployad In lb* WilUcmta arslom providM 
tinuoua dyaing rangaa. 
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ftctid which u forced into the fabric by high heat tO' 

gather with preiaure produod by meani of molten meal 

in the dye bath (100,101). 
New lynthetic deterjenti and wetting agentt have 

aasumed coniidetable imporunce m wet proceuing op 

erationi (102,10!), and a lecent article (104) preKnu 
the chemiitry and apphaiiona of anionic, cationic, and 

nonelectrolyiic tp. 
Diying. New tenter-frame development! are not only 

ipeeding up operations but alu ate making it possible 
to dry doth to the correct moisture content without 
ovetd^ng and without danger of ovetbting the doth 
even when air temperatures as high as 350 deg. F. ob¬ 
tained by meani of high pressure steam ate used. Over¬ 
feed tenters with overdrive gear aimngemenli permit 
inoeases in speeds as high as 40 pet cent above the 

normal chatn speed and with an added lexibility which 
will accommodate difetent fabric requirements (105) 

An overfeed tenter espedally suited to the finishing of 
reun-teited fabria, developed in Stoiland, is being 

made by an American manufacturer. Imptovemenu in 
ait drien as well at qlindet-type drien, together with 
new drier designs for special purposes, have added mudi 
to the eiaency of drying opetaiions in general. 

A textile drier develop^ by the Western Electric Co. 
for drying textde-iniulated copper conductors wound 
on laige drums seems to offer definite advantages over 
present methods for drying tome daitei of textiles (106). 

In this system, alternate applialions of vacuum and 
breaking of the vacuum with dry air, coupled with 
vigorous ail diculaiton through the oven lUng the 
air tyde at atmospheric piettuR, it the bads (d the 

drier. 

Use of radiant tot (infrared) has aroused much In- 
tereat and a number id commerdal inatallaiioni have 
been made in textile mills. Rabold (107) deaeribes ryp 

ical installatiooi employing batteriea of lamps tor 
Ing warps and doth. Gas-fired uniti are ^ in sue, 

TIm medianiim and rite of drying hy lafriiid lid! tlao 
by Muvection have been etudied by Wdhdm andlbul 

(108,100), whose findings indicate no appiecuble diange 
in drying rates when infrared is employed instead of 

hot air as the energy source, alihough theoretical equa¬ 

tions difim: somewhat (eg., the dassical wet-dry bulb to 
lations do not hold). The main advanuge of infrared 

seems to be iu abdity to obtain tremendous-if expen- 
uve-heat fluxes, thus allowing for booster units. 'Diete 

are no extenuve data indiating eSecii of temperature 
damage to texule fibers and yarns from present drying 
methods; if, however, it does exut, then infraied's tapid- 

diying potentialities might become imporant, 
Wilhelm's second paper deals with a method of 

meaiunng infrared eneigy penetration u a function of 

type of yam and fabric construction Emm such dam, 
ftacuoni reflected, absorbed and transmitted may be 

alculated. 
Dielectric heating beaose of ia expense has thus far 

been limited to spedal operations sudi as setring twist 
in yams (111)) and package drying, although in poi- 
flbilities are being actively studied, A report by Rusa 
(111) is especially worthy of note since it is the most 

comprehensive study lelating to texulei that has ap¬ 
pear^ op to this writing. It summariaet the factors to 
be coiuideied in the appliation of dideciric toting 
to cotton textiles and gives a preliminary leport of it- 

leaich under way at the Soulhem Regional Reseanh 
Laboratory, U. S. D. A, on dielectiic toting applied 
to cotton yams and fabria. Another ardde (112) dis- 

cussa cow and methods for computing them. 
MnMieiiWii)ii for hm Control. Ifiip prindpil 

advanca in recent yean in the develop|bit i'm 
tnl insttusiientt for tatile mi opeiapi, iome..sf 

which employ prindpla of ekettonio, M'ben 
applieatioii.lo finishiig pmcessei. AntosWlotnl of 
such pnto variiblei il chemto cota||^ 
steam flow, water low, fetopenture, iWalWiitt an 
eitenfialiiot’biilyudKiilccetilulopMto 
titiuto pmtoid to ihoy ilM tiv% 4^ 

justify .tocsitlltoto toy 

viewed progress in instnuncntaiion (113-115) One ar- 

nde describes in dead a typical installjtion (116) and 
another (117) discusses the mailiematical ptinoples un¬ 

derlying the operating of a system 

DEVELOPMENTS IN FINISHES 

Presented with a prolusion of new products (118)- 

lenns, softeners, detergents, special finisb, proofing 

treatmenB, and what-haveyou-cach clamoring for in- 
dmdiial attention, the lextde finisher has made rapid 

progress in improving textiles (119-122) 

Of paracular agnificance arc new developments in 
durable finishes sui as those which make labncs shrink- 
resnont, creasc-and muss-resistani, fire-resistant, water- 

repellent, etc In a recent address (123),Powers main¬ 

tained that fimshing had readied the point where “the 
finish and not the fiber is the important factor" Over¬ 
emphasis, perhaps, but it serves to demonstrate that by 

applicatxm of the proper ireatment it is possible to 
obtain a similar end-eiect on two fabrics, each of them 

constructed from a dierent type of fiber with diferent 
physical characteristica 

The qieaal properties imparted to fabria by finish¬ 
ing operations may be solely, or at least in part, due to 
treatmenn given to the fibers or |he yams tram which 
the fabria are constructed. Nowhere in texule manu- 

factuit are developmenis in plasiics playing a moie im- 

poruntiart than in finishing (124,125) They may be 
polymerito within the fiber itself and beiome an in¬ 

teger parto the structure or ihey may be bonded on 
the snrfM|,)Ot properties not hitherto pipient in die 

fillet mayiK added by chemical tteatmena whkh change 

the surfiatyiaracteriitia qt even alter thg mAcular 
structtol'to, developmenia have been sommenus 
that It if ptaile here only 'to,give a few at illusira- 
if . 

At die Southern Regional Restoft Laboratory of 

Ibt 04 Sepanment of Agricultutb totton hat been 
mo^'by yinlal acetyltiiiitflfifi), ttpsKtst whith 

makes it resistant to rotting and mildewing and more 

resistant to heat Cotion and rayon fabria may be modi¬ 
fied by direct treatment with cellulose solvents to reduce 

shrinkage, or cellulose in soluuon, acling at a earner 
lor days or insoluble pigments, may be precipitated on¬ 

to the surfaie of the textile for special eta (127) 
Hams (128) has built new ciois-hnkages in the wool 

fiber which make the wool highly resistant to attack by 
moths and other agents which commonly damage it. 

From Germany alter the war came a report (129) of a 
lucccs'lul treatment lor mothproofing woolens which 

now ts being adopted here. 

During the war the Army's needs for water-repellent 
dothing brought about extenuve research on the sub¬ 

ject and some effective treatments resulted therefrom 
A number of test methods were devised in order to pro¬ 

vide means for evaluating in the laboratory the water- 

repcllency of fabrio Army developments have been de- 
cribed by Simpson (ISO) and a compreheimve survey 
of chemical methods is being pubhshed (131). 

.Sinbiliting Tmlmts 

M The most talked of developments in finishing 
ireatmenis today are protesses lor stabiliring or shrink- 

proofing texulei (132) Shrinkage in laundenng and in 
wear, an age-old problem, became of acute significance 

in World War II because of the extent of miliary op- 
eraiions Alihough the British were luing dry chlotina- 
uon for ireaiing socks and underwear, and a b com¬ 

mercial processes were in limned use, none of them an¬ 
swered the problem of shrinkage control on the Army's 
big Item, the cushion-sole sock, not were immediatdy 

adaptable to existing machinery in Ametian mills. 
How tjie Army solved iis immediate problem and the 

savings therefrom have been outlined (133) and the 
official report (134) of the reseanh conducted under the 

sponsorship of the Research and Development Brandt, 
U. S. Army Quartermaster Corps, has been released. 

Shrinkage control of woolens is oimplicated by the 
fadi that a treatment that may be adequate for a woven 
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fabric may be inadequate for one of knitted construc¬ 

tion; or one may serve for a sock that may not be sat¬ 

isfactory when applied to a sweater. It has been shown, 

for example, that such factors as knitting stiffness, wool 

quahty, and twist and fold of yams mffuence shrinkage 

(185). 

Some attention has been given to the effect of chem¬ 

ical alterations in the molecular structure of the wool 
fiber in reducing the tendency of woolens to shrink. 

Hams (136) has reported a new method for convetuon 
of the unstable disulfide bonds to a more stable form 
This is accomplished in a single bath containing a re¬ 

ducing agent and a rebuilding agent such as ethylene 

dibromide This treatment holds considerable promise 

also for the reprocessing industry as a means of strip¬ 
ping the color from dyed woolens with minimum dam¬ 
age Speakman, in England, has concluded that the re¬ 

sistance of a wool fabric to shrinkage when treated 

with a solution of mercuric acetate is due to change in 

cross-linkages within the fibers (137). 

Much study has been given to the peculiar tendency 

of wool fibers to creep or crawl when rubbed together 
—a phenomenon known as dmctional frictional effect 

(D.NF.)—as one of the principal factors influenang 

the felting properties of woolen fabrics, and hence many 

shrinkproofing treatments are based on reduction of the 

D N F However, it has been pointed out that reduction 

in felting alone does not eliminate shrinkage due to 

stress and relaxation In fact, reduction of shrinkage has 

been obtained without affecung the DNF (138) Al¬ 
though the scales on wool fibers undoubtedly contribute 

to their tendency to migrate in a rootward direction, 

Martin (139) whose findings were later confirmed by 
Upson and Howard (140), doubu that the angle of 

the scales producing a ratchet effect is as important as 

their surface characteristics However, experiments by 

Mercer and Makinson (1411 led these workerk to con¬ 

clude that the frictional difference must be due to the 
ratchet effect. It is clear that the nature of the felting 

process is still a controversial subject. 

One group of investigators (142) has built up poly¬ 
mers in the reactive side-chains of the wool fiber, thus 

forming a film, essentially protein in nature, which pre¬ 
vents fiber movement and causes local adhesion. 

Rapid progress has been made in the development 
of commerdal shrink-proofing treatmenu. These fall in¬ 

to four main classes: halogen treatments (133, 134, 143- 

145) including chlorination and bromination (the 
U. S. Army's process employs controlled wet chlorina¬ 

tion) ; alcohol-alkali treatmenu (146); resin treatmenu 

(147-149); and treatmenu by enzymes (145,150). A 

treatment (144) employing halogen compounds under 
oxidizing conditions, developed in England, has been 

licensed to Cluett, Peabody te Co., who are to promote 

iu use in the United Sutes and Canada. It is said to be 
applicable both to woven and to knitted fabria'. 

Cotton and Rayons. Although It has been possible to 

produce cotton fabrics which shrink very little by pre^ i 

shrinking them or by other mechanical methods such asi, 

the famous Sanfwizing process developed a few yka« 

ago, making washable rayons has remaio a major pfrob- 

lem until quite recently because of the shrinkage factor. 

Chemical treatmenu are now in commeraal use for 
control of both cotton and rayon fabrics, to the extent 

that they will withstand repeated launderings. 

The causes of dimensional instability in cellulose fab¬ 

rics are ably discussed by Landells (151), who descnbes 

methods for produang stability through chemical modi¬ 

fication. Creegan (152) likewise deals with the problem 

of shrinkage in rayons and the application of some of 

the new processes, the most recent of which are the 

SanfoTset (glyoxal) process (153) and the Definized 
Process (152). Processes employing synthetic resins are 

also being successfully applied (147, 148). Dimensional 
stability may be achieved by means of proper blending 

of fibers As an example of this, Taber (154) has re¬ 
ported that a blend of saponified acetate (such as Fiber 

B) with cotton produced a shirting which after 24 

laundenngs shrank only 6/10 of one per cent in the 

warp and zero per cent in the filling Hie presence of 
the acetate reduced the swelling characteristics of the 

mixture to a minimum 

Flameproofing Treatments 

The increasing number of tragic acadenu caused by 

clothing catching fire has started a wave of legislation 

intended to regulate the sale of flammable fabrics, and 

in California a law already is in effect which requires 

that fabrics pass a certain flammability test 155). In re¬ 

cent addresses (156, 157) the speakers described the sit¬ 
uation and told what is being done by various groups 

to develop effective and durable flameproofing treat¬ 

ments and practical test methods. Extensive research 

was carried out during the war on combating fabric 
flammability and much progress has been made in the 

development of flameproofing treatments for textiles. 

This work has been so well surveyed and the whole 
subject of flameproofing has been so well covered by a 

staff of specialists in a book (158) which appeared late 
in 1947 that it is unnecessary to discuss the subjea fur¬ 

ther in this article. 

DEVELOPMENTS IN TEXTILE EDUCATION 

New Concepts m Textile Education 

In view of the rapidly increasing complexity of the 
textile industry in all of iu aspecu, the ten textile 

schools of the United States for several years have been 

making an earnest effort to revise and revamp their 

curricula, course content, and over-all philosophy of 

teaching. In many cases this means less emphasis on the 

strictly vocational aspecu of the textile industry, adding 

to die-mills themselves and to the few vocational tex¬ 

tile schools in the country the job of completing the 
training of employees to operate machines or to be- 

^come textile mechanics. It meant that the textile grad- 

tikte should have a broad college education cooitied 

^ vrith a technical knoidedge of the (ndttttty» so that be 
i will be better,fitted to meet the demands dut will be 

^ made upon him as a textile executive in later It 

’ means a greater appreciation of the ftnideiMitial end 

applied icietocet. It meant a knowledge.^ butinw baetilt- 

odi and of penonnel aaniggiiient 
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cauon M moving rapidly farther away from the old 
English concept of exdusive vocational instruction, 

which began in the middle of the last century and 
drifted with minor changes far into the current one. 

For the shaping of this modem education program 
which is being geared to the present and future needs 
of the industry, much credit belongs to the Nauonal 

Counal of Textile School Deans organized under the 

sponsorship of The Texule Foundation (159) Meet¬ 
ings are held twice a year and close contact between 

the Deans is constantly maintained. 

Foundations 

That the texule industry is fully cognizant of the 
value of textile trained men is vividly illustrated by the 
fact that several textile foundations have been estab¬ 

lished within the last four or five years, the sole pur- 

[xisc of which IS to raise funds to increase the usefulness 
of the textile schools over the country (160-163) Such 
foundations have been established in North Carolina, 

South Carolina, Georgia, and the New England states, 

and in these four areas something over three million 

dollars already has been obtained These funds are be¬ 
ing used in various ways, depending upon the policies 
of the individual organizations, but perhaps one of the 

most important uses is that of supplementing salaries 

for teachers so that highly qualified men can be at¬ 
tracted to these positions 

Butldmg Programs 

New building programs for textile schools are also 

under way (164-167) At the Georgia School of Tech¬ 
nology, for example, a new textile building cosUng 

more than $1,000,000 is now under construction; at 

North Carolina State College, an addition to the pres¬ 
ent Textile Building, together with new equipment all 

totalling more than $600,000 in value, are being added, 
the Philadelphia TextiL Institute has collected more 

than $1,000,000 in its drive for funds to develop a com¬ 
pletely new physical plant, and at the Lowell Textile 
Institute a million dollar dormitory building program 
IS under way with the first building nearing comple¬ 

tion, a drive for funds from the Alumni is under way 

for an Alumni Library Building, and a bill is pending 
in the State Legislature for a new Engineering Building. 

These indications of the willingness of texule execu¬ 
tives to help materially in advancing textile education 

arc very significant in indicating the new trends of 
thought and the value assigned to textile educauon. 

Number of Students 

Currently, some S,600 students are now enrolled m 
textile schools of college level throughout this country 
Of course, this figure is abnormally high at the present 

tune owing to the high percentage of veterans who are 
able to secure training on Government funds. Never¬ 
theless, it IS believed that the expansion in texule edu¬ 
cation IS to a large extent a permanent one, and that 

the efficacy of these schools will continue to grow in the 

future 

RESEARCH DEVELOPMENTS 

Considerable expansion of research facilities took 

place during the war and this growth has continued 

since Its close Gradual improvement in the situation 
governing availability of building materials and labo¬ 

ratory equipment has made it possible to go ahead 

with projects that were held up during the latter part 

of the war Some of the larger manufacturing organiza¬ 
tions have established new central research laboratories 
fully equipped with the most modern tools, electronic 

devices, and scientific apparatus, and others have en¬ 

larged their laboratories as they have extended the 

scope of their research Sherman reports an increase 
of 58 per cent since 1940 in the number of companies 

engaged in textile research (168) Although such esti¬ 

mates are somewhat misleading in that they include 
laboratories whose prinapal functions are mill control 

and trouble-shooting, nevertheless they are indicative 
of the trend Two commercial laboratories are devoted 

enurely to textile research the Fabric Research Labora¬ 
tories, Boston, established in 1942 and enlarged since 

the war, and the Hams Research Laboratories, Wash¬ 
ington, which were established soon after the cessation 

of hostilities. 
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Industry-supported oiganizationa have greatly enlai:ged 
their faahties and are expanding their research pro¬ 

grains: the Institute of Textile Technology, Charlottes¬ 
ville, Virginia (169), supported principally by cotton 
manufacturing interests, and the I’exule Research In¬ 
stitute (170) with laboratories at Princeton, New Jer¬ 

sey, whose membership includes oiganiations in 
branches of the textile industry and iu supplies. The 
American Association of Textile Chemisu and Ct^- 

ists, whose research has been carried on ptindpally 
through cmnmittees, in 1946 equipped a labtwatory at 

Lowell, Massachusetts (171). ’ 
The Textile Foundation, which conducts its research 

in the laboratories of the Textile Research Institute 
under a common director of teseanh with die Imtitate, 
has added to iu research programs. 

Greatly enlarged research programs sponsored by the 
Government are m the ofiing also Of these, the Agri¬ 
cultural Research Program, authorized under the Re¬ 
search and Marketing Act of 1946 of the U. S. Depart¬ 
ment of Agriculture, includes provisions for extensive 
research on the production and utilization of natural 

fibers and fibers from agricultural producu (172), and 
a study is now under way to define the areas of research 
under this program and to outline methods of attack. 
iVfany projects are now being spionsoied by the Office 

of Naval Research and by the Research and Develop¬ 

ment Branch of the Quartermaster Corps, the program 
of which has been defined in a recent report (173). A 
lonsolidated laboratory to house the proposed in¬ 
creased research activities for the last-named branch of 
ihc Armed Services, to cost almost six million dollars, 

IS being planned (174,175) 
More and more emphasis is being placed on research 

into the structure and properties of fibers as a basis of 

interpreting their behavior in textile structures and of 
achieving greater efficiency in their use. In these stud¬ 
ies the chemist, the physicist, the microscopist, and the 
engineer are engaged In his classic Marburg Lecture 

(176), tlie late Harold DeWitt Smith discussed the 
properties and utilization of fibers from the point 

of view of engineering, and more recently other in¬ 
vestigators (177-181) have made further contributions 

tkrougli their studies of stress-stram-time-temperature- 

humidity relationships, elasticity, resilience, etc 
Progress has been speeded immeasurably by new 

tools (182-184), employing recent developments in elec¬ 
tronic devices, for more accurate determination of the 
lirhavioi of fibers, yarns, and fabrics under stress—ten¬ 

sion, compression, relaxation, torsion, flexure, abrasion 
Although improvemenu have been made in the design 
and control of convcnuonal tensile testers (185,186), 
their inherent characteristics of momentum, inertia, and 
(ncuon limit their usefulness as research tools and new 
types living the electric strain-gage are coming into use 
(182.184,187-189). Other testers of advanced designs 

are m tlie development stage but as yet have not been 
reported in the literature. 

Measurement of compressional behavior of textile 
materials by means of apparatus built on new prin¬ 

ciples IS yielding valuable information (190). 
Textile fibers exhibit the phenomenon of plasticity 

or creep as well as true elasticity Hence eSbits have 
lieen made to measure the elastic component alone. In 
order to measure Young’s modulus, one laboratory em¬ 

ployed sound waves of 10,000 CP.S. frequency. The 
speed of propagation along a filament made it possible 
to calculate that modulus (191). Sonic vibrations have 
also bee^ used in the determination of linear density 

or denidjlnf.short fiben and filaments (192). Falling- 

weight ^>act testen in which the load can be applied 
to spramen in less tha4to,001 second have been 
iised'jn determina(iolu^(I82, |w). With this type «f 
apparafus, jSIro^rties of'the^|itterial under test caq 1m 
stu)£^ without Interfetendll^ madiine 

imjportant contributions tn'an undenundfng 
behevior are being made tlaough themetwal . 
the ntedumkal pnqsertiet of ngtunl and 

potynet* (194-196) and fay dMladctd. ' 
detensMus^on* of ajuaSiaiv 





area relationships (197-199) and their influence on 
the mechanical properties of fibers. It is generally recog¬ 
nized that fiber strength is closely associated with the 
degree of crystallinity. Mark (200) has indicated that 
the properties of maximum strength and maximum 
resilience of a fiber are dependent upon the degree to 
which the system approaches the extreme solid state or 

the extreme rubbery state, respecavely; that fibers 
plastics, and rubbers are not mciinsically different ma¬ 
terials but are only different combinations of three 

fundamental sutes in which high polymers can exist. 
A recent article reviews developments in the theories 
of the mechanical properties of rubber-like as well as 
fiber-like systems and also describes the authors* experi¬ 
mental study of the mechanical-optical properties of 
materials varying in nature from ideal rubbers to poly- 
crysuUine plastics (201). 

Considerable interest was aroused in the Summer of 
1947 by announcement (202) of the successful synthesis 

of protein-like molecules almost identical chemically 
with natural silk which were precipitated in the form 
of a tliin film. 

A modification of the currently accepted theory for 
the chemical structure of cellulose is proposed by one 

investigator as the result of his research on the degrada¬ 
tion of cellulose by hydrolysis (20S). 

The sktn effect in viscose rayon and the influence of 
thickness and structure of the outer skin on the fiber 

properties have been the subject of further study (204, 
205), and surface properties of fiben in general are 
being invesugated. Moisture adsorption and swelling 
are receiving consideration (206-209), since these fiber 
characteristia affect the dimensional stability of fabrics. 
Moreover, the equilibrium moisture content affects both 
the rate and the extent of drying. Although consider¬ 
able work was done in this field some years ago (210, 

211), there has existed a need for an effective general¬ 
ized correlation of the datt accumulated by the early 
researchers This correlation has now been supplied by 
the work of Wbitwell and Toner (212) ■ By the Othmer 
chart method, they established a definite linear relation¬ 
ship between sorption and desorption for all textile 
materials for which data were available, providing a 
means of obtaining reliable data on the moisture-content 
relauve-humidity relations of a textile or other adsorb¬ 
ent material over a range of temperatures, and from 
only a few careful measurements. 

Studies on the fundamental elements involved in si^ 
ing are under way, including such factors as the dy¬ 
namic resilience of yam, rheological properties of starA 
and gelatine sizes, pickup of sizing as affected by sev¬ 
eral variables, and friction of sized yam. The mecha- 
liism of detergency is being studied and some eariy re- 
ports have appear^ (21S, ^14). Researdh is in progress 

on various causes of damagl^to textiles sudi as the ac¬ 
tion of fi^t (215), attack by mkroorganisms (216,217), 
and degradarion by other agendet <218). A Gompreheii- 
sive review of work on the subject ct mkrobidefgiad 
deterioration has recently appei^ (219). The actiim 
of ozone in varying ooQcenttations, aiich as those wbkh 
may be encountered at dtflhtent locations and nt dyUjer- 

ent alritudea, is bring studied- ^, 
PuAdam«tal research on thq 
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it being initiated. The application of amino groupi in¬ 
to cotton fabria has imparted to them the property of 

dyeing readily with acid wool dyes (220). Ultrasonics 

(vibrations of frequency above that of audible sound) 
are being explored as a possible means of improving 

the subility of soluuons or of making soluuons of ma¬ 

terials hitherto considered to be incompatible, and also 

m the application of dyes (221, 222). There have been 

significant developments in the use of reducing agents 
to remove color from dyed woolens, one of which has 

already been mentioned (136) The other process (223) 

employs an electrolytic preparation of the stripping so¬ 

lution, the stripping power of which is maintained con¬ 

stant by re-circulation and re-eneigizing and can be so 

controlled that deposition of reduction products is kept 

at a minimum. The process is said to strip chrome and 

vat colors which do not yield to other processes and to 

hold losses in strength of the textile below 10 per cent 

Emphasis is being placed on the relationship of fiber 
properues to those of yarn and fabric, and considerable 

attention is being given to devising laboratory test meth¬ 

ods which will correlate with actual performance in 

wear A significant advance in the field of wear testing 
has been made by the design of an abrasion machine 
which will abrade a plane area of a speamen uniformly 

over the entire area and from every direction in the 

plane (224). The application of geometry to functional 

design of fabrics has been studied by Peirce (225) 

Progress has been made m utilizing modern tech¬ 

niques to study textile machinery in operation. The 

cathode-ray oscillograph shows promise as a research 

tool in the development and improvement of textile 

machines and in the study of loom vibrations, picking 
timing, etc (226) The electric strain-gage has also been 

applied to the study of the loom (227), as has high¬ 
speed photography (228) 

Only a few of the many research activities have been 

mentioned, but these will serve to indicate the broad ex¬ 

tent of research that is in progress 

CONCLUSIONS 
It would be well to point out that it is still too early 

to evaluate more than a few of the developments which 

are appearing in a steady flow throughout the entire 
texule industry and lU allied branches. At any rate, it 

IS certain that the situation which prompted the oft- 

repeated charge that the textile industry was one of 

the most backward in its research and technology no 

longer holds The industry now is introducing develop¬ 

ments faster than it can digest them and only time will 

furnish a true perspective in this renaissance. Realiza¬ 

tion of the need for scientific investigation is gradually 
taking hold on the textile industry. In no other industry 

is It of greater importance for from it come the build¬ 
ing blocks upon which rest technological developments 

Without the continued contributions of saence it is 

obvious that, in time, apphed research in textiles will 

find Itself short of food. 

Illustratwns for this chapter were obtained 

through the courtesy of various manufacturers 

whose pictures and materials were used by the 

Textile Research Institute. 

LIST OF REFERENCES 

lEi xezsron, rannne, aoiiao, nay, 
(5) Davis, Hiram S., at al, Vertical Integration In the 

Textile Indnstry, The Textile Foundation and Whar¬ 
ton School of Finance, 1938. 

(4) Melaaae, Smith, and Cadman, Foatwar Proapccta for 
American Textiles, The Textile Foundation, 1948. 

(6) Dali, William B., Demand for Mills Affects Quarter 
of Industry, Textile World, 96:101, July, 1946. 

(6) Study of Agricultural and Economic Problems of the 
Cotton Belt, Hearings Before Special Subcommittee 
on Cotton of the Bouse Committee on Agriculture, 
July 7 and 8, 1947. (Obtainable from Supt. of Docu¬ 
ments, Washington, D. C. Price |ZJK>.} 

(7) Gull, P. W., and J E. Adams, Mechanical Production 
of Ciotton, Bulletin 433, Mississippi State College 
Agricultural Experiment Station, September, 1948. 

on, Dniimin sax, Te'tas Agricultural ^pen- 
mental Station, Augnstj.ii8t. 

(9) Gerdes, Francis L., MsMtanisation of Cotton Produc¬ 
tion as Belated to Processing and Marketing, Paper 
presented before Annual Meeting of The Cotton 
Textile Institute, Inc^ November, 1946 (Pressed). 

(10) Comparison of Different Methods of Harvesting Cot- 
tra, Ttaxas Agrieultural Sbcperlmental Station, and 
War Food Administration, July, 1046 (Processed). 

(11) Adams, J. B., and P. W. Gull. Mechanical Production 
of Ootton in Gw Yauen-Mieelsslpoi Delta, Better 
Csepe w&k Float Food, 60:0, November, 1046. 

<U>]t^a!t(M telGvstkm and Barvest^ of Cotton, 
{BOW ladastcies}. lUiTSSl, December, 

(14) Langsford, E. L, Changes in Cotton Production in 
War and Peace, U. S Deptartment of Agneutture, 
Bureau of Agricultural Economies, F. M. 46, Decem¬ 
ber, 1944. 

(16) Adams, James E., Mechanisation of Cotton Produc¬ 
tion, Delta Experimental Station, October, 1946 
(Processed). 

(16) Roberts, Arthur L., and A. J. Fortenberry, Charges 
for Ginning Cotton, U. S. Department of Agricul¬ 
ture, Cotton Branch, September, 1947 (Processed). 

(17) Gerdes, Francis L., and David A. Bradham, Develop¬ 
ments in Cotton Ginning Toward Improved Quality 
of Service and Increased Efficiency of Operation, 
June, 1947 (Processed). 

(18) Campbell, M. E., High-Density Cotton In American 
Mills, Textile Research Institute, Auugst, 1943 

(19) Wright, John W., et al.. The Packaging of American 
Cotton and Methods for Improvement, U. S. D. A. 
Circular No. 736, July, 1946 

(30) Gerdes, Francis L., Quality Improvement in Relation 
to Mill Requirements, The Cotton and Oil Press, 48: 
6, March 8, 1947. 

(31) Berkley, Earl E., Cotton—A Versatile Textile Fiber, 
Textile Research Journal, 18:71, February, 1948. 

(33) DsII, William B., Ramie Has Tantalised Textile Men 
for One Hundred Years, Textile World, 76:98, Decem¬ 
ber, 1946. 

(83) Robinson, Brittain B., Ramie—la It the Fabric of 
Tomorrow 7 Daily Newa Record, January 38, 1947. 

(34) Fibre and Fabric, IbitL, February 1, 1947. 
(86) Rsnber, Earle D., Ramie:1947, Monthly Review, Fed¬ 

eral Reserve Bank of Atlanta. 32-81, Julv 81. 1947. 
(36) Bendigo, C. W., and W. B. Dali, Synthetics Continue 

Growth and Dlversiflcation, Textile World, 97:118, 
September, 1947. 

(87) Synthetic Fibers Set the Formula for a Textile 
Revolution, CSicmicsl and Metallurgical Baglaaeri^, 
881119, Jannalry. 1946. 



402 INTERNATIONAL INDUSTRY YEARBOOK 

inv Ncwa, 25:96, January 13, 1947 
(29) Snerinan, Joseph V , and Signe L. Sherman, The Now 

Fibers, New York, Van Noiitrand, 1946. 
(30) Stowell, JSldon, Some Properties and Uses of Vinyon 

Type N Fibers, Papers of A.A.T.T., 6:30, December, 
1947. 

(31) Bonnet, Frederic, A Review of Vinyon Developments, 
Ibid., 3:36, December, 1947 

(32) Andrews, Thomas H, Vinyon Enters Peacetime 
Future, Dally News Record, p 46, Sect. 2, January 
28, 1947. 

(83) Sherman, Joseph V., Acrylonitriles, A New Class of 
Synethetic Fibers, Textile World, 97.101, March, 
1947 

(34) Synthetic Polymer Fibers Derived from Acrylonitrile, 
Silk and Rayon, 21:326, June, 1947, Ibid., 21:1632, 
November, 1947. 

(36) Williams, D R, Saran, Daily News Record, Sect. 2, 
January 28, 1947. 

(86) Rowland, George P, The Manufacture of Velon 
Monofilaments, Rasron Text. Mo., 27:640, October, 
1946. 

(87) Plexon-Plastic Coated Yarn, Chermurgic Digest, 6:42, 
January 16, 1946 

(88) Larson, L. L., Nylan Staple Fiber, American Dyestuff 
Reporter, 86:208, April 21, 1947. 

(89) Peterson, R F , et al, Textile Fibre from Casein- 
Factors Affecting the Tensile Strength, Industrial 
* Engineering Chemistry, 37:492, May, 1946 (30 
references). 

(40) Peterson, Robert F., et al.. Continuous Filament 
Casein Yarn Produced by Pot Spinning, paper deliv¬ 
ered at A. C. S meeting. Sec 14D, Abstract of Papers, 
113th Meeting, American Chemical Society, New York, 
September, 1947. 

(41) Nutting, G. C., et al.. Relationship Between Mole¬ 
cular Configuration and Tensile Properties of Pro¬ 
tein Fibers, Textile Research Journal, 16:599, Decem¬ 
ber, 1946. 

(42) Lundgren, H. P, Progress of Research on Synthetic 
Protein Fibers, Chemurgic Digest, 6:113, March, 1946 

(48) Memfleld, A. L, and A. F Pomes, Fiber from Peanut 
Protein, I. The Production and Properties of Sarelon, 
Textile Research Journal, 16:369, August, 1946 

(44) Cranston, C B, et al., Zem Fibers—Preparation by 
Wet Spinning, Industrial Engineering Chemistry, 37' 
1194, December, 1946 

(46) New Protein Fiber—Vicsra, Rayon Textile Monthly. 
28:614, September, 1947. 

(46) Traill, D, Synthetic Fibers from Vegetable Proteins, 
Journal of Society Dyers and Colourists, 61:160, June, 
1946. 

(47) Johnson, A, and J B Speakman, Some Uses of Cal¬ 
cium Alginate Rayon, Ibid., 62:97, April, 1946. 

(48) Kenchington, K W L, The Alginates, Fibres, 8:44, 
February, 1947. 

(49) Ripley, P, and C K Tseng, Alginate Rayons are Dis¬ 
tinctive New Fibers, Textile World, 96:112, Decem¬ 
ber, 1946. 

(60) Terylene—A New Material, British Plsatica, 18:606, 
November, 1946 

(61) Astbury, W. T., and C. J Brown, Structure of Tery¬ 
lene, Nature, 158:871, December 14, 1940 

(62) Whinfleld, J. R, Chemistry of Terylene, Ibid., 168: 
930, December 28, 1946 

(58) Better Than Nylon? Chemical Induatrles, 60:764. 
May, 1947. 

(64) Brewster, F R., Terylene Going Into Commercial 
Production, Textile World, 97:118, June, 1947. 

CONVERSION—FIBER TO FABRIC 
(56) Dali, William B., Textile Industry's Expenditures Top 

1400,000,000 in 1947, Ibid., 97:101, November, 1947. 
(56) Annual Review and Forecast Section, lUd^ 96:108, 

February, 1946. 
(67) Ibid, 97:111, February, 1947. 
(68) Shaw Long-Draft Spinning Proves Sueeess at China 

Grove, Ibid.. 96:131, October, 1946. 
(59) Vose, R. W, and C H Plummer, The Deviometer— 

An Irregularity Tester, Journal Textile Institute, 86: 
T177, July, 1946. 

(60) Long-Draft Must Retain Fiber Control, Textile 
World, 97:108, June, 1947. 

(61) MeConnel, Robert J, The Spinning of Yamu on tbo 
American Syetem, Papera of the AJLt.T., 2:87, No¬ 
vember, 1946-Febrttary, 1947. 

(62) Boi'dan. John £., ginning Worsted-TYpe Yamu on 
Cotton Machinery, Tsotlle Bnltotla, 72:80, August 16, 
1947. 

(68) Owaltnsy. B C., Using the Cotton Svstem for Proeese* 
•-f Other Fibere, Cotton <U. 8.), 109:111, Deeomber, 

(64) Cook, Alfred D., Warner and Swasey Mass Producing 
Fin-Drafter, Dally News Record, p. 22, December 8, 
1947 

(66) Tow-to-Top Processes for Rayon, Textile World, 98: 
109, Feotuary, 1043. 

(66) Kernaii, A J , Carding and Combing of Staple Fiber 
Eliminated, Ibid., 96.iJJ, June, 1946. 

(67) Chase, U M , The Treatment of Cotton Roving and 
Yarn with Bonding Agents, Danville, Va, Riverside 
and Dan River Uotlon Mills, Inc., 1944. 

(68) Thomas, P. M., New Drafting System Spins Yarn 
from Card bliver. Textile World, 97:126, August, 
1947. 

(69) Preaenting Strex, U. S. Rubber Co., Textile Division, 
New York, 1947. 

(70) Honegger, E, Status of European Textile Industry as 
Seen from Swuzerland, Papers of the A.A.T.T., 1:29, 
July-November, 1946 

(71) Honegger, £, Swiss Machines Show Novel Develop¬ 
ment, Textile World, 96 106, October, 1946. 

(72) Shuttleless Loom Developed in Britain, Ibid,, 06:120, 
March, 1946. 

(73) Holt, W , Some Developments in Machinery for Weav¬ 
ing Smallwares, Journal Textile Institute, p. 381, 
August, 1947. 

(74) Webbing Loom Weaves Without Shuttle, Textile Bul¬ 
letin, 72'28, August 16, 1947 

(76) John on, T W , Tricot Stitch is Extremely Simple, 
Textile World. 96.94, August, 1946 

(76) Llewellyn, T H A,F N F Technique and the Future, 
Papers of AJLT.T, 1:43, July-November, 1946. 

(77) Llewellyn, T. H A, High-Speed Warp Knitting, Jour¬ 
nal Textile Institute, 38 390, August, 1947. 

(73) Modern Tricot Plant Begins Operations, Textile World, 
97.124, January, 1947 

(70) Proceedings of the Second National Textile Seminar, 
Philadelphia Textile Institute, pp 106-13, 1047. 

WET PROCESSING AND FINISHING 
(80) Rabold, C Norris, Efficiency and Flexibility Offered 

by Finishing Ranges, Textile World, 97.106, October, 

(81) Farrow, J C, New Developments in the Preparation 
and Bleaching of Cotton Cloth, Cotton (U. S.). 109: 
104, November, 1946. 

(82) Bell, Thomas E, Recent Developments in Continuous 
Bbaehing of Textiles, Papera of A.A.T.T,, 2:57, 
March-May, 1947 

(83) Butterwoith, Dehaven, Wartime Advances in Con¬ 
tinuous Bleaching, Rayon Textile Monthly, 27.820, 
June, 1946 

(84) White, E Dalton, Continuous Peroxide Bleach Reduces 
Mill’s C04ts, Textile World, 97.141, June, 1947. 

(86) MacNah, W J , Some Aspects of Peroxide Bleaching, 
I. Fibres, Fabrics and (fordage, 12:487, 1946; Ibid., 
18.16, 1946 

(86) Newell, William A, Knit Goods Bleached Continu¬ 
ously. Textile World, 97:108, December. 1947. 

(87) Hirst, A E , Pad-Steam Continuous Dyeing Range, 
Cotton (U. S.), 109:101, May, 1946 

(88) Meunicr, P O. The Pad-Steam Continuous Dvaing 
Process, American Dyestuff Reporter, 34:206, May 21, 
1046. 

(89) Linberg, Geo. T, Continuous Indigo Dyeing of 
Woolen Piece Goods, lbld„ 82:38, January 18, 1948. 

(90) Williams, S. H., Williams Unit: Its Use In Textile 
Processing, Ibid., 86:256, May 19, 1947. 

(91) Newell, William A, Warp Coats Cut by Continuous 
Dyeing Slasher, Textile World, 97:156, September, 
1947. 

(02) Pierce, Edward S, Progresa In Finishing Machinery 
Exemplllled by Continuous Bleaching and Vat Dyeing 
Equipment, paper presented at Philadelphia meeting 
of A A.T C.C., April, 1947. 

(08) von Bergen, Wekner, et al., Continuous Indigo Dyeing 
of Raw Stock, American DyeatuB Reporter, 84:6$ 
January 29, 1946. 

(94) von Bergen, Werner, Twenty-Five Years in Woolen 
«nd WoratM *Flniahing Machinery, Ibld„ 86:682, De¬ 
cember 2,.i94e. 

(96) Cannity, E., Modern ^enda in Textile Machinery, 
Ibid, 86:26. January 27, 1947. 

(96Jl Continuous Fulling Mdehlne Developed by Banter Co., 
AmeHOan Wool and Cotton Barter, elt79, Ootohor 
n, 1946. 

(97) Dor^.^ IWand Ap^pHeation^of ^-aoan)nff 

■ 8eptoSb^Tl9wI* ’ 
(98) ,rtw»ch, C. W., Me^m Fhww « 



TEXTILE INDUSTRY 403 

(101) Richardson, Francis S, German Technical Develop¬ 
ments in Textile FinishlnK Processes. Hobart Pub¬ 
lishing Co., Box 4217, Chevy Chase Br, Washington, 
D C. 

(102) Sisley, J. P., Studies in Detergent Power (translated 
from the French by P J. Wood), American Dyestuff 
Reporter. 36:467, August 25, 1947 (63 references) 

(103) Mosher, Hugh H, Surface-Active Compounds: Their 
Use in Textile Operations, Ibid., 35:16<l, April 8, 1946. 

(104) Hill, J A., The Chemistry and Application of Deter¬ 
gents, Journal of Society Dyers and Colourists, 63.319, 
October, 1947 

(106) Laurie, Kenneth S, Pin Tenters in Rayon Finishing, 
Papers of A.A.T.T., 2.68, March-May, 1947 

(106) Walker, A. C, The Textile Drying Process, American 
Dyestuff Reporter, 36:763, December 16, 1947 

(107) Rabold, C N., Recent Developments in the Drying of 
Textile Materials, Ibid., 34:108, March, 1946. 

(108) Wilhelm, R. H, Radiant Drying (a progress report). 
Textile Research, 14:400, December, 1944, American 
Dyestuff Reporter, 34:626, 1946. 

(109) Wilhelm, R. H, and G T Paul. Studies in Radiation 
Drying of Textile Materials, Textile Research Jour¬ 
nal (to appear in 1948) 

(110) Batsel, C. K., Dielectric Heating Cuts Twist-Setting 
and Drying Time, Textile World, 96.139, September, 
1946 

(111) Ruses, Ralph A, Dielectric Heating Analyzed for 
Textile Applications, Ibid, 96.118, May, 1946 

(112) Requirements of Dielectric Heating Can Be Cal¬ 
culated from Formulas, Ibid., 95:151, November, 1946 

(113) Reed, Harold E, Electronic* at W'ork for Textiles, 
Textile World, 96.83, July, 1946 

(114) Pollock, Richard, Jr, Textile Progress Accepts In¬ 
strumentation, Papers of the A.A.T.Tn 2:121, June- 
August, 1947. 

(116) Bowden, Charles W., Economics of Instrumentation, 
Proceedings of the Eighteenth Annual Meeting. Tex¬ 
tile Research Institute, Inc., pp 30-4, November, 
1947. 

(116) Thomas, F M, Modem Slasher Room Features Auto¬ 
matic (ilontrols. Textile World, 97'136, September, 
1947. 

(117) Chamberlain, N H, The Electronic Control of Cloth- 
Drying Machines, Journal Textile Institute, 37:249, 
July, 1946. 

FINISHES 

(118) Atphabetieal List of New Products Developed Since 
November, 1946, American Dyestuff Reporter, 36:679, 
December 1, 1947 

(119) Perry, F W, Modern Textile Finishes, Ibid., 86:427, 
September 9, 1946 

(120) Jennings, Harley Y, Use of Plastics to Strengthen 
Textiles, Textile Bulletin, 71 36, December 15. lU4b 

(121) Barrett, F. L, New Finishes, Journal Textile In¬ 
stitute. 38:146, April, 1947 

(122) Fomelli, Domenico, The Use of Synthetic Resins in 
the Finishing of Fabrics, American Dyestuff Reporter, 
86:286, June 2, 1947. 

(128) Powers, Donald H, Modifleation of Textile Fiber 
Properties Through Finishing Operations, A.8.TJ(. 
Bulletin No. 169. December, 1947. 

(124) Tripp, Francis. Synthetic Resins and Their Applica¬ 
tions, Textile Bulletin, 73'38, November 16, 1947. 

(125) Powers. Donald H., Development of Plastics for 
Peacetime Textiles. American Dyestuff Reporter, 86: 
76. February 11, 1946 

(126) Goldthwait, Charles F, et al., Acetviated Cotton 
Highly Resistant to Rotting, Textile World, 96:115, 
February, 1946. 

(127) Mantell. C. L, Some Notes on Cellulose Solvents and 
Their Application to Textile Finishes, Textile Re¬ 
search Joumal, 16:481, October, 1946. 

(128) Geiger, Walton B., et al, Chemically Modified Wools 
of Enhanced Stability, Joumal «f Research. National 
Bureau of Standards, 29, 1942;'Textile Research. 13. 
21, November, 1942. 

(129) Mothproofing of Woolen Materials in Eampe. Textile 
Research Institute, Inc., 1946. - 

(180) Simpson, J E., The Army’s Water-Ropellent Clothing, 
American Dyestuff ReteiKs*. 86:248rMay 20, 1946; 
Ibid., 86:279. June 8. im. 

(181) SehuVtan, H. A, et al., Ifater-Repelleney of Textiles 
by Ch^ieal Methods: A Review of tha Llteruffpro. 
Textlli Rcsaatch Journal (to appear in 1948). 

(189) PowoMb Donald H. Shrinkage—^What We Are Doing 
' nipers Vt AA,T.T^ 1:15, September-Novem- 

(U8) 0lMi4Mh ifarry F, Washable Woolens for Chi ATmy, 
l^'UiilMgliffii on Quartermaster Textile Reaeafeh, pp. 

}} IB-SiirTixflls Rasepnd Institute, Inc., 1967. 
(m) TbaJrMtmont of AiRir Socks for Shrink Resistance, 

tha Qaartamuter Oonanl, Aninst, IMf. 

(136) Dutton, W A., The Relationship Between Structure 
and Shrinkage in Knitted Wool Fabrics, Journal of 
Textile Institute, 37.212, July, 1946. 

(136) Harris, Milton, and A E Brown, New Developments 
in tne Onemical ModiUCutiun of Wool, paper read 
at the 111th Meeting, ACS, Atlantic City, April, 
1947, American Dyestuff Reporter, 36 316, June 16, 
1947. 

(187) Menhart. J„ and Speakman, J B, The Production of 
Unshrinkability by Cross-linkage Formation in Wool; 
Puit ll--rue Kate of Reaction of Mercuric Acetate 
with Animal Fibers, Journal of Society Dyers and 
ColouriaU, 63.322, October, 1647 

(138) Anderson, J , Effect of Hydrogen Peroxide in the 
Presence of Copper Sulfate on the Shrinkage of 
Wool. Nature, 168.664, October, 1946 

(139) Martin, A J P., Observations on the Theory of 
Felting, Journal of Society Dyers and Colourists, 60. 
326, December, 1944. 

(140) Lipson, M., and P Howard, Friction Between Keratin 
Surfaces as Affected by Some Shrinkproofing Treat¬ 
ments, Ibid., 62:29, January, 1946; American Dyestuff 
Reporter, 36 470, August 26, 1947. 

(141) Mercer, G H, and K Rachel Makinson, The Fric¬ 
tional Properties of Wool and Other Textile Fibers, 
Journal of Textile Institute, 38:T227, May, 1947. 

(142) Baldwin, A W , et al, The Use of Polymers to Make 
Wool Unshrinkable, Journal of Society Dyers and 
Colourists, 62 4, January, 1946. 

(143) Shapiio, Leonaid, Wool Made Shrlnk-Besiatant by 
Improved Chlorination, Textile World, 97:161, Novem- 

(144) Stevenson, F M., and J. L Raymes, Antishrinking 
Treatment of Animal Fibers, U. 8. Patent No. 2,429,082. 

(145) Phillips, Henry, Recent Advances in the Commercial 
Utilization of Non-Felting Wool, Journal of Textile 
Institute, 37.302, July, 1946. 

(146) Clav, J L, Further Studies of the Industrial De¬ 
velopment of the Freney-Lipson Process, Joumal of 
Council Selentifle Industrial Research (Melbourne), 
19 256. 1946 

(147) Resloom, a Monsanto Chemical for the Textile Indus¬ 
try, Management Service Report, Monsanto Chemical 
Co, 1947 

(148) Lynn, J E., Shrinkage and Felting Control with 
Lanaset, American Dyeatnff Reporter, 33'664, Decem¬ 
ber 18, 1944 

(149) Sanford, I G, Shnnkprooflng Resin Exhausted from 
Bath, Textile World. 96 >137, September, 1946. 

(160) Jones, Christopher S, Use of Enzymes in Production 
of Shrink-Resistant Wool Febries, Textile Age, 11: 
52, August, 1947. 

(161) lAndells, G, Dimensionally Stable Cellulosic Fabrics, 
Joumal of Textile Institnte, 37:317, July, 1946. 

(162) Creegan, H F. Control of Shrinkage and Crease- 
Resistance of Viscose Rayon Fabrics, American Dye- 
atuff Reporter, 35:514, November 4, 1946 

(153) Epelberg. Jack, Newly Developed Process Stabilises 
Viscose Fabrics. Textile World, 96 114, June, 1946 

(164) Proceedings of the National Textile Seminar, Herahey, 
Pa„ p 93, Philadelphia Textile Institute, July, 1946 

(166) Colifomia Law Bans Inflammable Textiles, Textile 
World, 97:218, January. 1947. 

(166) Bonnet, F. Flammable Fabrics and Their Evaluation, 
American Dyeatnff Reporter, 86:303, June 2, 1947. 

(167) Dom, Charles W. The Retailer’s Viewpoint of the 
Flammability of Textiles, A.S.T.M. Bnlletin No. 150, 
January, 1948. 

(158) Flameprooflng of Textile Fabrica. edited by Robert 
W Little. New York, Reinhold Publishing Co., 1947. 

TEXTILE EDUCATION 
(169) Opportunities for Trained Men and Women in the 

Textile and Related Indnatriea, publication of Tha 
Textile Foundation. 

(160) N C Textile Foundation, Textile Bulletin, 83:20, 
January 1, 1948 

(161) Wright, George M, The J. E. Sirrine Textile Founda¬ 
tion and How It Will Function, Ibid., 78:31, Decem¬ 
ber 15, 1947. 

(162) The Textile Education Foundation, Special Bulletin, 
Textile Engineering, p. 20, Georgia School of Tech¬ 
nology. 

(168) New England Textile Foundation — A Report of 
Aehlevementa, Providence, R I., New England Textile 
Foundation, 1947 

(164^ First Pile Driven for Georgia Tech Textile Building, 
Dailv Newa Record. October 21, 1947. 

(165) New Plans for the Textile School at N. C. State Col¬ 
lege, Textile Bulletin, 66:12, January 1, 1944. 

(166) Lowell Textile Institnte Celebrates Golden Anni¬ 
versary, Textile World, 97:159, May. 1647. 

(167) McLoughlln, J. P.. Appeal to the Peonle Through 
Civic Campaign, Commonwealth, tho Mogailne for 
POMuytranta, Auguit, 1947. 



404 INTERNATIONAL INDUSTRY YEARBOOK 

RESEARCH 
(168) Sherman, Joaeph V., Textile Reiearch Showi Rapid 

Growth, Textile World, 97:186, January, 1947 
(169) Powen, Martin C., 1. T. T. Combinea Decree Grant- 

inc with Reiearch, Ibid„ 97:103, June, 1647. 
(170) Newell, William A., TRlangle of Reiearch, Ibid, 97: 

101, October, 1947. 
(171) A. A. T. C. C., Laboratoriei at the Lowell Textile 

inititute, American Dyeituff Reporter, 86:319, July 
1, 1946. 

(172) Bane Wool and Cotton Studies Planned, Textile Bul¬ 
letin, 78:54, November 1, 1947 

(173) Kennedy, S J., et al.. Textile Series RepoH Mo. 25, 
Areas of (^artermaster Research in Textiles, Re- 
aeareh and Development Branch, Office Quartermaster 
General, 1946. 

(174) Jacobs, Julian S, QMC's Research Procram, Cotton. 
110 88, September, 1946; Rayon Textile Monthly, 28* 
638, October, November, 1947. 

(176) Hunter, A Stuart, The Quartermaster Institute of 
Man, Proeeedinca Eichtcenth Annual Meetinc, Tex¬ 
tile Research Institute, 10-16, November, 1947. 

(176) Smith, Harold DeWitt, Textile Fibers,.an Encmeer- 
inc Approach to Their Properties and Utilization. 
Edcar Marburc Lecture, American Society for Teat- 
inc Materials (1944) 

(177) Hamburcer, Walter J, Mechanics of Abrasion of 
Textile Materials, Textile Reaeareb Journal, 16:1^, 
May, 1946 

(178) Ray, L G, Jr., Tensile and Torsional Properties of 
Textile Fibers, Ibid., 17:1, January, 1947. 

(170) Dillon, J. H., Resilience of Fibers and Fabrics, Ibid., 
17:207, April, 1947 

(180) Hamburcer, Walter J., Mechanics of Elastic Per¬ 
formance of Textile Materials; I. Development of an 
Elastic Performance Coefficient in Tension, Ibid., 
February, 1948. 

(181) Hoffman, R. M, A Generalised Concept of Resilience, 
Ibid., February, 1948. 

(199) Beremap, M E, et al, A Few Experiments on the 
Crystallinity of Polyamides, Ibid., January, 1948. 

(200) Hark, H, Some Remarks About Resilience of Tex¬ 
tile Materials, Textile Research Journal, 16:861, Au- 
§ust, 1946. 

tein, Richard S., and Arthur V. Tobolsky, An In- 
vestication of the Relationship Between Polymer 
Structure and Mechanical Properties, I The Relation¬ 
ship Between Structure, Mechanical Propertiea, and 
Birefrincence, II An Experimental Study of the 
Stress and Birefrincence Propertiea of Several Re- 
laxinc Polymeric Systems, Ibid. 18 March, April, 
1948. 

(202) Woodward, R B, and C. H Schramm, Synthesis of 
Protein Analocs, Journal of American Chemical So¬ 
ciety, 69*89, June, 1947 

(203) Paesu, Eugene, Cellulose Studies, IX The Molecular 
Structure of Cellulose and Starch, Textile Research 
Journal, 17 406, Aucust, 1947. 

(204) Horehead, Frederick F, and Wayne A. Sisson, Skin 
Effect in Viscose Rayon, Ibid., 16:448, December, 
1946 

(206) Hermans, P H, Staininc of Viscose Rayon Cross 
Sections, Ibid., January, 1948. 

(206) White, Howard J, and Henry Eyrinc, The Adsorp¬ 
tion of Water by Swellinc Hich Polymeric Materials, 
Ibid., 17:628, October, 1947 (74 references). 

(207) Hoover, Sam R. and Edward F Mellon, Effect of 
Acetylation on Sorption of Water by Cellulose, Ibid., 
17:714, December, 1947 

(208) Rowan, John W, and R L Blame, Sorption of Nitro- 
een and Water Vapor on Textile Fibers, Industrial 
EnyineerinK Chemistry, 39:1669, Decdmber, 1947 

(209) Reid, J David, and George C Daul, The Partial Car- 
boxymethylation of Cotton Fibers to Obtain Swell- 
able Fibers, I, Textile Research Journal, 17:664, Oc¬ 
tober 1947 

(210) Clark, C H., Drying of Textile Materiala, Textile 
Research, 6 446, August, 1936 

(211) Carlene, C W., The Moisture Relations of Textiles, 
(182) Schwarz, Edward R, Samuel Slater Memorial Labo¬ 

ratory, Ibid., 16:83, February, 1945 
(183) Modern Methods of Single Fiber Testing, Conference 

held at University of Leeds, January 29, 1947, Jour¬ 
nal of Textile Institute, 38-T13, February, 1947. 

(184) Schwarz, Edward R, Electronics in Textile Testing, 
American Dyestuff Reporter, 35:198, April 22, 1946 

(185) Morey, D. R, Design of Devices Used in the Study 
of Stress-Strain-Time Properties, Textile Research 
Journal, 16*267, August, 1946 

(186) Demartini, R J., Electronic Control for Tensile Test¬ 
ing at Constant Rate of Load, Ibid., 16:274, August, 
1946 

(187) Hindman, Harold, and Cyril M. Krook, The Electric 
Strain-Gage and Its Use in Textile Measurements, 
Ibid., 16:238, July, 1846. 

(188) Ballou, J W., A Stress-Strain Tester for Textiles 
Employing a Magnetic Strain Gager A. S. T. M 
Standards on Textile Msterials.'CommIttee D-13 Year 
Book, pp. 469-66, 1947 

(189) Schiefer, Herbert F, Measurement and Elimination 
of Inertia Effects in Textile Testing Equipment by 
Means of Electric Strain-Gages, Ibid., pp. 467-72, 
1947. 

(190) Finch, Rogers B, Compressional Behavior of Textile 
Materials; I. Measurement at a Constant Rate of De¬ 
formation, Textile Research Journal, March, 1947; 
II. Measurement of Stress Relaxation at a Constant 
Rate of Deformation. Ibid, April, 1947 

(191) Ballou, J. W., and S Silverman. Determination of 
Young’s Modulus of Elasticity by Sound Velocity 
Measurements, Textile Beseard, 14:282, September, 
1944. 

(192) Gonsalves, V. E., Determination of Denier and 
StrenHh of Single Filaments bv Vibroaeope and Heim 
Tensile Tester, Textile Research Journal, 17:869, 
July, 1947. 

(198) 1/eaderman, Herbert, Impact Testing of Texiles, Tex¬ 
tile Research, 18:21, June, 1948. 

(194) Eyring, Henry, George Halsey, et al.. Mechanical 
Properties of Textiles, I-X, Textile Research Jour¬ 
nal. 15:295, 1946; IbUL, 16:18. 1946. 

(196) Halsey, George, Non-Linear Viscous Elasticity sbid 
the luring Shear Model, Journal AppUod PhyMS^ 
18:1072, Deeember, 1947. 

(196) Burte, Harris, and George Halsey, A New Theory of 
Non-Linear Viscous Elasticity, Textile Research 
Journal, 17:465, September, 1947 

(197) Roseveare, W. E., et al.. Structure and Propertiss'tf 
Regenerated Cellulose, IbM., February, 1948. , 

(198) Philipp, Howard J., et al., Cryatalthiity of Celluloiie 
Fibers as Determined by Acid Hydrelygis^ 17: 
685, Movemhee, 1947. r 

A Literature Survey, American Oyeatnff Reporter, 
34.322, 1945 

(212) Whitwell, J C., and Richard K Toner, Correlation 
of Equilibrium Moiature Data, 1-V, Textile Research 
Journal, 16:265, 1946, Ibid., 17:7, 1947 

(218) Utermohlen, William P, Jr., Detergency Studies, 
lbid„ 17.670, December, 1947 

(214) Clark, J. R, and V. P Holland, Studies In Soiling 
and Detergency, American Dyeatuff Reporter, 86: 
734, December 16, 1947. 

(216) Edgerton, G S, The Action of Light on Dyed and 
Undyed Cotton, Journal of Society Dyers and Colour- 
lata, 63:161, June, 1947. 

) St George, R. A, and Margaret S. Furry, The Re¬ 
sistance of Treated Cotton Fabrics to Attack by 
Termites and Micro-Organisms, American Dyestuff Re¬ 
porter, 36:207,April 22, 1946 

) Weston, William H, Tropical Deterioration of Tex¬ 
tile Products, Proceedings of the Conference on 
Quartermaster Textile Reccarch, pp. 29-89, Textile 
Research Institute, 1946. 

) Painter, E V., Some Aspects of the Ageing of 
Coated Fabrics, American Dycatnff Reporter, 86; 
767, December 29, 1947. 

) Msrah, P. B., Mildew- and Rot-Reiiatanee of Tex¬ 
tiles, Textile Research Journal, 17:597, November, 
1947 (142 references) 

) Guthrie, John D., Introduction of Amino Groups into 
Cotton Fabric by Uie of E-Aminosthylaulfte Acid, 
Ibid., 17:626, November, 1947 

) Anon., UltraaoniCB Being Used on Textilea, Textile 
World, 97:220, July, 1947. 

) Ultrasonics, Life, 24:69, January, 1948. 
) Xaawell, Ernest R., An Electrolytic Proecac for 

Stripping Dyed Wool, paper read at meeting of A. 
A. T. C. C., Chicago, October, 1947; Digest in Amer¬ 
ican Dycatnff Roportor, 61:11, November 6, 1947. 

) Sehlsfer, Herbert F., Solution of the Problem of 
Producing Uniform Abraelon and Ita Application to 
the Testing of Textiles, Textile Reeoareh Jonmat, 
17.860, July. 1047. 

) Peirea, F. T., Geometrical Princlplea Applieabla to 
the Doaign of Functional Fabrics, Tcxtlto Baaoarch 
JonnuO, 17:188, March, 1947. 

) Behcrags, Horton, Cathodo-Ray Oscillograph Appli¬ 
cations in the Tsxtlla Field. Proceodlifs of 
Wemith Annual Morning, Toxtilo ResM^ InaO- 
tuto, pp. 84-9, November, 1947. 

) Hillman, V. E., IR^Ie Strain-Ga«e Rvotaiao^lu- 



INDEX 

Abrasion t«su, 201 
Abrasives, 98, 228 
Acid cleaning of boilers, 340 
Acid resistant enamels, 194 
Acoustical Society of America, 382 
Acoustics, standardization of, 382 
Acrylics, 329 
Acrylonitriles, 390 
Acrysol, use in paints, 300 
Activated silica, 115 
Additions for lubricating oil, 321 
Adhesives, 330 
Adhesive tape, 292 
Adipic acid, 116 
Administracion General de Vialidad 

Nacional (Uruguay), 363 
Aeronautical Standards, 380 
Agitation with compressed air, 129, 130 
Agriculture, 

in Denmark, 29-30 
in Egypt, 30 
in France, 31 
in Italy, 45 
U S Department of, 90. 181, 186 

187 
Bureau of Agriculture and Indus 

trial Chemistry, 186 
.Agriculture, 

use of compressed air in, 129 
Agricultural lime, 98 

manufacture of, 78 
Agricultural Research Program, 

U S Dept of Agriculture, 398 
Agricultural residues, uses for, 385 
Air cleaners, electrostatic, 157 
Air conditioning, 91-94 

psychrometry and design, 92 
denumidification, 92 
in humid areas, 92 
problems involving water, 93 
machinery and controls, 93 
large capacity systems, 93 
power consumption, 93 
controls, 93 
in mines, 280-281 

Air entrained cement, 104 
Air Force, U S Army, 88 
Air operated tools, 1^-136 

separators, 109 
chucks, 129 
hoists, 129.134 
jacks, ISO 
pulverizers, ISO 
guns. 130,131 
pumps, 131 
grinders, 132 
markers, 198 

Air-quenching of cement, 102 
Aircraft, 

engine bearings, 76 
engine tesu, 76 
operabon at low temperatures, 95 
assembly. 172 
in mining explorations. 280 
fuselage fighting, 228 
use of compressed air by, 129 

Aktyubinsk Chemical Works, 55 
Alabama Power Co.. 116 
Alberta, B.C., 21 
Alcohol from waste sulphite liquor, 115 
Aleman, Miguel, 48 
Alfa-faxal separators, 59 
^{edChemkiil R Dw Cora., 74 
AUii-CbUmen Co., it 104,347 

Alloys, 
for gas turbine, 243 
high temperature, 243,246 
types of, 246 
forged, 247 
bearings, 248 
condenser tubes, 248 
gears, 2^ 
for boilers. 341 
light metal, in mine hoists. 279 

Alkyd-silicones, in coatings, 301 
Alkylation, 319 
Allyl. 

alcohol, 118 
diglycol carbonate resin, 329 
starch, in coatings, 301 

Alpha iron, 241 
Alumina-molybdena catalyst, 318 
Aluminum. 248,249 

treatment of. 260 
enamels, 197 
alloys. 248 
heat treating of. 249 
paint, 303 
welding of, 72.248 

Aluminum Co of Amenca, 114 
Altinibc clays, 203 
American Ass'n of Textile Chemisto and 

Ckilorists, 383 
American Car !c Foundry Co , 220 
American Cyanamid Co, 72 
American Gas Aswaation, 74. 75. 383 
American Gum Importers Assoaation, 

305 
American Insbtute, 

of Chemical Engineers, 106,380 
of Electrical Engineers. 341, 381 
of Laundering, 74 

American Iron and Steel Institute, 188, 
302. 376 

American Meat Institute, 74 
American Smelting & Refining Co . 72 
American Soaety of. 

Heating and Ventilating Engineers, 
91 

Bakery Engineers, 384 
Mechanical Engineers, 245, 341 
Safety Engineers, 384 
^ ool Engineen, 379 

American Society for Testing Materials, 
245, 299. 376 

American Standards Association. 220, 
375 

128 
American Viscose Corp, 392 
American Welding and Manufacturing 

Co, 220. 363 
Amplidyne controls. 279 
Amplifiers, electronic, 167 
Ampli^ing gages, 264 
AiMlysis, 

of ceramic material, 203 
of protective coating, 304 

Anglo-Iranian Oil Co, w 
Anheuser-Busch,' 287 
Annual PackagiM Exposition, 287 
Anodizing, 260,2Bl 
Anthracite culm, 339 
Antibiotics, 117 
Antifouling paint, 302 
Antifriction Bearing Manufacturers As¬ 

sociation, 380 
Anti-knodi gasoline, 319 
Antioxidanu. 119 

in paints, 301 
for lubricabng oils, 121 

Antiskinn|i|, in paint*, 9<I1 
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Apron conveyors, 235 
Arc welding, 156 
Architectural Division, Porcelain £n 

arael Institute, 199 
Architectural enamels, 199 
Architectural Specifications Committee, 

199 
Arens, Egmont, 220 
Argentina, review of industry in, 7 ff, 82 
Argentine Portland Cement Co , 100 
Armour Research Foundation, 72.76,82 
Artificial lighting, 222 
Aruba refinery. 46 
Ascorbic acid, 183 
Ash removal, 340 
Assembly shop lighting, 227 
Association of American Railroads, 363 
Atchison, Topeka and Santa Fe RR, 122 
Atlantic Refining Co , 319 
Atlas Car & Mfg Co , 278 
Atomic, 

power, 335-339 
science in 1940. 335 
wartime developments, 336 

Atomic Energy Commission, 119 
Atomic-hydrogen welding, 270 
Aiirand. H S.81 
Aurora Gasoline Co, 314 
Austentile, 241. 242 
Australia, review of industry in, 10 ff 
Australian Shipbuilding Board, 11 
Automatic lathe, 267 
Automobile production, 50 
Automotive industries, use of com¬ 

pressed air in, 129 
Automotive sundards, 379 
Aviation gasoline. 309 
Avon drafting system, 392 
Axles, railroad, 262 
Azltm, 390 

B 
Bach, Richard, 207 
Bainite, 241, 264 
Ballast cleaning train, 354 
Ballasts, 223 
Baltimore & Ohio Railway, 363 
Banco de Mexico, 83 
Bank of International Settlements, 6 
Barisol process, 320 
Bark products, 329 
Barnes, Edward F , 211 
Barnes & Reinecke, 77 
Basic foods, European production of, 5 
Battelle, Gordon, 77 
Battelle Memorial Institute, 72, 73, 77 
Bauhaus, 219 
Bauxite catalyst, 318 
Bauxite mining, 278 
Baxa, Edward H, 97 
Bearings, 263 
Belgium, review of industry in, 16 ff 
Bell Telephone Co, 122, W. 128 
Belt conveyors, 78, 236. ^8 
Bendix Aviation Corp, 72 
Benedict, Frank, 137 
Benjamin Electric Mfg Co, 219,220 

,250 

Bergius process, 
Berkley, E E.. 31 
Beryllium alloys 

Bern partides, 336 
Betatron, 338 
Beveridge, Sir William. 211 
Big Inch, 339 
Bigg, Edward, 91 
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BUS. 274, 275 
Blanching of foods, 182 
Blast furnace operation, 116 
Blasting, mine, 275-276 
Bleaching, 

continuous, 393 
peroxide, 2M 
rmc hsdrosulphite, 295 
groundwood pulp, 117, 294 
pulp, at high densits, 296 

Bleibcrg, Robert M , 72 
Bloom, 111 coatings, 303 
Boiler cleaning with acid, 340 
Boiler plants, 339, 341 
Bogdan. J E , 391 
Bombas Plan. 42 
Boron fluoride catalyst, 321 
Boskovich shaft mucker, 277 
Boston and Maine Railroad, 363 
Boxes. 291 
Bradford system, 12 
Braking, railroad, 357, 358 
Brazil, review of industry in, 17 ff 
Brazing, 1.56. 171 
Breakers, losv voltage, 140-141 
Breerivood process. 100 
Burks, handling of, 233 
Bright, George B , 90 
Brightness ratios, 221 
Bristol Laboratories, 74 
British Cnlumbia fCanada), 22 23 
British Iron & Steel Institute, 245, .302 
Broaching, 259 
Bronzing of paints, 303 
Brown-Boveri, Ltd 62, 344 
Brunet, Meade, 121 
Buehlei & Co . 77 
Building Code Correlating Committee, 

382 
Building Oflirials Conference of Amer¬ 

ica, 383 
Buildings, prefabricated. 199 
Bulldozers. 839 
Buna S, 144, 367 
Burning department in cement in¬ 

dustry. 103 
Busbars. 141 
Biisways, 145 
Butadiene, 821, 366 
Butane isomerization, 319 
Bmaprene N. 868 
Biitsl rubber. 321. 369 

manufacture of, 367 

C 
Cable, coaxial, 121 
C,ables and wiring, 144 
Calcination, 110 
Calkins, Ernest Elmo, 207 
Calumet & Hecla Mining Co . 274 
Campbell system, in fiber conversion, 

Canada, review of industry in, 20 ff 
Canning, of foods. 179,182 
Capacitors, 143 
Carbolov Co. 275 
Carbon black, 118, 366 
Carbon linings for digesters, 296 
Carbon steel, 243 
Carnes, C .[..Jr, 287 
Carr type hit, 275 
Carset Jackbit.275 
Cascado, 389 
Cast alloys, 247 
Cast iron enamels, 197 
Carthage Hydrocol, 105 
Catalyst, 

for Fischer-Tropsdi, 1(W 
isomerization, 299 
cracking, 310-317 
for petroleum cracking, 311 
reforming, 817 
regeneration. 312-317 
factor* involved in, 316 

Caterpillar Tractor Co., 100,104,363 

Cellulose, 
nitrate lacquer, 301 
plastics, 329 
propionate plastic, 327 
wadding. 299 

C,emcnt industry, 99 ff 
in India, 44 
quarries, 101 
crushing plants in, 101 
use of compressed air in, 130 
dry process in, 130 

Cement pumping. 131 
Central Electricity Board (Brit), 38 
C,entral Railroad Co of N J, 363 
r,entralized Iraflic Control (CIC). 

356-7 
Centrifugal forging, 262 
Centrifuging, 336 
Ceramics. 137, 193-206 

in Britain, 39-40 
f,ercals. 179 
Cham Belt C.o, 104 
Chain reaction pile. 336 
Cliampfering, 260 
Chapman, Dave, 214 
( hemical analysis of paints, 304 
t hemical industry, 

in Australia, 13 
synthetic fuels from, 105 
oxygen production in, 108 
fluorine, 114 
diffusion, 115 
attisated silica, 115 
underground gasification of coal, 

115 
cyanides, 116 
nylon, 116 
blast furnace operations, 116 
pharmaceuticals, 117 
carlMn black. 118 
radioisoto)>es, 118 
msectiridrs, 118 
athi alcohol. 118 
underground gas storage, 118 
solvent purification of fatty arids 

119 
high calcium lime, 120 
gluten separation. 120 
use of compressed air in. 129 
electrification of, 141 

C'.hcm'icals, from petroleum, 321-322 
Chemical processing of textiles, 393-395 
Chemigum N, 368 
Chemurgy, 325 
Chicago. Burlington & Quincy Railroad 

Chicago Pneumatic Tool Co, 135 
China, review of industry in, 26 ff 
Chippers for pulp wood, 294 
f'hloroprene, 370 
Chromatrographic methods for fatty 

acid separation, 300 
Chrome plating, 262 
Chromium detection, in paint, 304 
Chromium surface, protection of, 289 
f^hrysler Motor Co, 379 
Chuck, hydraulic, 2M 
Churn drills, 282 . \ 
Chutes, loading, 276 
Cia Paulista de Fora e Luz. 18,19 
Circuit breaker*, 140 • j. 
Civil Aeronautic* Boird, 585 " 
Clark, France* Hurd. 239 ' ' ». 
Clay, 203:321 

digger, 134 
ca«illpK,Sll t 
treaknig. 521 J ' • 
cotoct proceM,S2^ »' , ' 
p*^]atingpr^.32l '* J, 

Cleanhitt .4-' ' , 
imo comprei*edair, 152' ' 

' HMMl eonipiBtBt, 288,2a5 
hyalki^im#ny,288 

Cleaning and corrosion prevention, 288 
Climax Molybdenum Co , 277 
Clinton Lalwratories, 336 
Closed circuit grinding, 103 
Cliiett, Peabody & Co, 396 
Coaguiaton of latex, 366 
Coal, 

European production of, 5 
gasification, 1U7,115. 339 
storage, 178 
handling in boiler plants, 339 
firing, 340 
for gas turbine, 340 
burning locomotives, 359 

Coatings, 
high lemperature, 202 
alkali-alumina, 262 
for closures, 303 
moisture impermeable, 303 
corrosion resistant, 325 
synthetic resin, 330 

fold cathode lamps. 222-223 
Ckillura, Francesco, 214.220 
Color, 

in enamel industry, 195 
m industry, 221 

f oliimbia Carbon Co , 118 
Ckiliimbia Chemical Division, Pitts¬ 

burgh Plate Glass Co . 826 
Combustion control, 343 
C omliustion engines. 343 
Cotnmeice, IJ S Dept of, 66, 67, 69 
Committee for European Economic Co¬ 

operation. 4-5 
CommonweaUh Aluminum Production 

Commission (Aust), II 
Commonwealth Bureau of Mineral Re 

sources (Aust), 11 
Commonwealth Secondary Industries 

Commission (Aust), 10 
Communication, 121-128 

electronic, 173 
in mines, 278,279 
for railroads, 855-6 

Comodoro Rivadavia, 10 
Companhia Brasilcirade Material Ferro- 

viario, 19 
Compressed air, 129-136 

for soot blowing, 340 
Compressed Air and Gas Institute, 135 
Czimprrssed gases, 182 
Compressor. 

hermetically sealed, 89 
operating on propane gas, 93 
testing with strobatic light, 95 
manufacture of, 95 

Comprex, 847 
Concrete, 

pumping machine, 104 
block manufacture, 151 
shields. 336 

Condenser tubes. 248 
Condensing systems. 342 
Congo resin, 305 
Consolidated Vultee Aircraft, 211 
Construction, 

use of compressed air in, ISO 
use of plastics, 330 

Consumer goods, standardization of, 883 
Contact process for lulnacating oil, 521 

' Containers, 291 
' ra>ntainen, food, MiS 

Ciontinental Oil Co., 519 
'Contour grinding. 265 
Ciontfol centers, electrical, 145 • 
Control*, 'it, 

for roti^ kilns, 105 , > 
of madiinery operatfami, 2S7 
of gritting, 258 
of broaching madtiaet, 230 
of drilling, 260 
ofpMert.JKS,^ ^ 

ofwdd)ng.270 
of virine ho(Mt..l^ 
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Controls. {Coniinufd) 
of draglinei, 28.’( 
of power shovels, 283 
of boilers, 343 

Controlled atmosphere furnaces, 262 
Control valves for refrif^ation, 91 
Conveying by air, 130 
f.onveyors, 23'>, 238 

controls for, 174 
types of. 235-237 
motive power for, 23fi 
layout of, 237 
metal chip, 258 
for mines, 277 
operating costs and capacities of, 

278-279 
Cooking kettle, foi resins and paints, 

300 
C.ooler, for cement industry, 102 
Cooling towers. 342 
Coonley, Howard, 375 

pohmerization of oils, 299 
flopper, 

alloys of, 248 
phenolate in coatings, 304 

C o-prccipitation process, 318 
f^oie barrels, 286 
Core rectivei y, 280 
Corning Glass Works, 205 
Coromant jumper dull, 275 
Corporarioti para la I’romncion del In 

tercambio, Vrgentina, 82 
Corrosion, 

tests, 78 304 
in air tonditioiiing, 93 
lesisiant enamels, 197 
prevention, 288 

Con ligated fibrcboard boxes, 291 
Cotton, 

belting. 387-388 
inrthanical picking of, 388 

C ottrell piccipitators 118 
f oiinting scale 234 
C,owan screen, 295 
(racking catalMic, 311-317 
Craigie. I, C , 81 
C rane scale, 284 
Crankshaft lathes. 266 
Crecg,an H F . 396 
C ledits, post-war 

to Czechoslovakia, 28 
to Italy. 45 
to The Netherlands. 50 51 
to Norway, 53 
to Sweden, 60 
by IT S , 69 

Creep, metal, 245 
Cl ouch C L,221 
Crush dressing. 265 
( nishcil stone, 

iinprovemcnls in, 97,98 
plants for, 101-103 

Culm, 340 
Cumene, 319 
Cushioning materials for packaging. 292 
Cutting tools, tungsten carbide, 267 
Cycle control, 169 
Cycles, grinding, 263, 265 
Cyclograph, 280 
Cycloversion pt;(|C9is, 318 
Oechoslovakia; review of industry in, 

?7ff 

0 
Dvry industry, Australian, Ilf 

methods of, 92 
Dehydration, 

of foods, 177 
of castor oil, 299 

Deionization, see "demineralizing” 
Delaware &. Hudson Railway, 363 
Demineralizing processes, 112 
Denmaik, review of industrv in, 29 ft 
Depressed areas (Brit), 36 
Descaling, 261 
Design. 207 219 

Slone crushing plants, 97 
industry. 207 219 
lighting hxtures. 222 
math me tools, 257 
inspection gages, 264 
gages. 265 
jilaners. 268 
mine hoists, 279 
jiaikaging. 287-292 
wooden boxes, 291 
turbines 341, 342 

Desiiiant plugs 2<)2 
Desulphurization of gasoline. 318 
Deicaiiiig. electrostatic method of, 305 
Detei gents, 321 
Development areas in Biitain. 36 
Dewaxing lubricating oils, 320 
Dial scales 234 
DialUl phensl phenphorate. 323 
Diamond, 

drilling. 274,275 
wheels. 263 

Dielectrit healing, 153.170 
Diesel. 

engines, 343 
oele, 848 
maintenance shop 360 
UHomotives, 861 

Diesel-eleririe engine, in cement indus 

Diffusion piocess, 115, 336 
Dirtec 296 
Disinfectants. 184 
Disinfecting by air conditioning, 91 
Distillate fuels. 320 
Distillation of gasoline, 310 
Distillation Pr^iicts, Inc, 117 
Doctor process, 320 
Dolezal A C,287 
Donzcrc-Montdragon Dam, 34 
Doir Co. 110 
Double frequency vibration, 350 
Dough, frozen. 178 
Dow Chemical Co. 325 
Dow Corning Corp, 188, 326. 871 
Dowlherm kettle, for varnish mfg , 303 
Drafting practice standards. 380 
Draglines, 282-283 
Drag-scrapers, 339 
Drey fuss.. Henry. 207,211,214. 220 
Driers, metallic, for coatings, 301 
Drilling, 259-261 
Drillins. mining, 273 
Drills,' ■ 

rock.130 
bit hardening. 171,172 
farjfdinihg, ^ 

Dryers. 
ifl3!ireet type, 102 
paper; 296,298 

agents,^ 
time of ^iMi, S04 > ' 

,'. deiAvettres of. 299 
tttKlieaef,299 
'solvent fracuonation of. SOS 

Dun^m, Robert Kennedy, 77 
Duom proceis, 320 
Dupnattng Uthe, 2(^ 

Diiperial Chemical Co , Argentine plant, 
8 

Duplicating milling machine, 268 
Du Pont de Nemours & Co, Inc , £ I, 

325, 370, 390, 393 
Dust collection, 91 
Dutch Central Planning Office. 51 
Dicing, 111 textile industrv, 393 

E 
lastmaii Kodak Co , 287 
Idisnn Electric Institute, 96 
l-diication in textile industry, 396 
Egg-crate reOeclors, 223 
Eggs and poultry, 179 
IglolT. Gustav, 309 
fgi|)l. renew of industry in. 30 ff 
I iiiKo(«rp,277 
Fiiistcin, Albert 335 
Fisciitiow'ci. Dwight D . 376 
Flectric, 

power capaiity in Europe, 6 
fiiinates 156,252 
iiuliistrul trucks. 231 
locomotives 359 

I'leiltic,il industry, 137 166 
Heitiodcs welding. 

Iiiiie-fcrritir, 269 
hollow metal, 270 

Elec lion microscope, 79 
Heitionir 

dust collertor, 92 
liilics, 167 
measurements and controls, 167 
metal detectors, 170 
dielectric and induction heating. 

170 
brazing and soldering, 171 
electroplating, 171 
welding, 172 
prospecting (mining). 173 
incrcun are rectifiers, 176 
conking of foods, 187 
textile industii, 398 
reciificaiion. 258 
legiilators for paper machines, 297 

Eteitrocleaiiing metals, 261 
Eleitromagnetic separation, 336 
Flcttrolvtic refining, 176 
Eletiroplating, I7I, 262 
Electro pneumatic control, 267 
Ilertrosiatic 

precipitator, 91. 297 
heating, 170 
spraiing, 200, 305 

Ellioll Co . 347 
kmployiiient. 

Ill Argentina, 11 
III \ustraba, II 
in Canada, 22 
in IT S . 66. 67. 69 

Enamel, 
blue ground coats, 193 
applications, 198-199,261 
processes, 199 
of steel panels, 199 
spcrificatioiis. 201 
of metal, 261 

Energy. 
nuclear, 335 
binding. 336 
solar. 349 

Engines, 
internal combustion, 343 
railroad, 357 

Engineering College Research Council, 
76. 81.84 

Engineering Research Associates, 77, 79 
Enzymes, deactivation of, 181,187 
Ericsson plant, 59 
Errera. Jacques, 77 
Escher-Wyss Co, 345 
Etching, 241 
Ethanol, 322 
Ethyl cellukMe. 287-288 
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Ethyl ether, 241 
Ethylbenzene, 366 
Evans Research and Development Cor¬ 

poration, 72 
Everready Battery Co., Argentine plant, 

10 
European Recovery Program, see "Mar¬ 

shall Plan” 
Excavators, 282, 283 
Excelsior in packaging, 292 
Excitation generator, 330 
Exciters, electronic, 350 
Exhaust systems, 202 
Exploration, in mining, 286 
Explosions, liquid fuel gas, 88 
Explosives, mining, 275 
Export-Import Bank, 17, 26, 45, 53 
Eye fatigue, 222 

Faber Birren fc Co , 221 
Fabric Research Lalxiratories, 397 
Fabrication, new methods of, 137 
Facing materials, classification of, 247 
Facsimile transmission, 174 
Fans, 

for mine ventilation, 280 
axul flow, 280 
centrifugal, 280 

Far East, conditions in, 6 
Farbenindustnes, I G , 250 
Fatty acids, 

purification of, 119 
fractional distillation of, 299 
in gasoline treating, 320 

Fay, Temple, 90 
Federal Communications Commission 

125 
Federal District (Mex), 48, 49 
Federal Electricity Commiuion (Mex), 

48 
Federal Press Co, 158 
Federal Trade Commission, 385 
Feiker. Frederick M , 384 
Feind,R F,97 
Ferguson Co , H K , 74 
Ferrous metallurgy, 239-247 
Fibre, 

boxes, 291 
synthetic, 323 
conversion of, 391 

Filleting of fish. 180 
Filmmeter for measuring paint. 305 
Fin^. primary. 98 

one-coat, 195 
industrial, 299-308 
textile, 395-396 

Finishing metals, 261 
Fire hazards in paint spray booths, 305 
Firestone Tire & Rubber Co, 74, 360, 

390 
Firth-Stirling Steel * Carbide Corp, 

275 
Fischer-Tropieh process, 105, 322, 339 

chemicals from, 106 
Fish, 180 
Fish Machinery Corp., 188 
Fisher, D F,90 
Fisher. Harry L , 365 
Fiske, David L . 87 
Fission, nuclear, 335-339 
Five-Year Plan. Argentine, 8-9 
Five-Year Plan, Fourth (Russia). 54, 56 
Flame, 

hardening. 269 
cutting. 270 
detection, 280 
cultivator, 388 

Flameproofina of fabrics, 330,396 
Flash bulbs, 173 
Flax, 389 
Floating-piston engines, 346 
Flue linings, IW 
Fluid csulytic cracking process, 312 

Fluidization, 
non-catalytic. 110 
Of solids, 110 

Fluorine, 114. 323 
Fluorospar, 115 
Fluxes, welding, 270 
Food and Container Institute. 188 
Food and Drug Administration, 385 
Food packing, 177-192 

and compressed air, 132, 133 
cooking, 170,171 
research in. 177 
freezing. 178 
of meats, 178 
of cereals, 179 
use of monel and nickel in, 179 
of eggs and poultry. 179 
of fish. ISO 
of dairy products. ISO 
packaging of, 181 
of vegetables, 181 
of fruits, 182 
advances in, 183 
frozen precooked foods, 183 
gelling and sweating agents lor, 183 
sanitation in, 184 
wastes and by-products of. 186 
mechanical equipment for, 187 

Food poisoning. 186 
Ford Motor Co. 210 
Ford News Bureau, 220 
Foreign trade. Chapter I 
Forge hammers, use of compressed air, 

133 
Forged alloys, 247 
Forgings, 133,262 
Fork trucks, 187,231. 232.233. 234. 285 
Forticcl, 827 
Foundation of Applied Research, 79 
Four-Year Plan prance), 35 
Freon, 115,187 
Freedman. Ephraim. 384 
Francis, Clarence. 384 
Fractional distillation, SIO 
France, review of industry in, 31 ff 
Franc, devaluation of, 32 
Franklin Institute, 77 
Frit, 193-203 
Freeze-drying, 88 
Freezing of foodstuib, 

freezers, home, 89 
storage, 90 
units for, 179 
vegetables, 181 
fruits. 182 
systems for, 187 

Freight cars, railroad, 358 
Frequency modulation, 125-126 
Fruits, 182 
Fuel. 339 

synthetic, 105 
shortage of, 107 
motor, SIO 
diesel. 320 
011,320 
distillate, 320 

Fungicidal paints. 302 
Fungicides, testing of, 74 
Furane Plastics 8c Chemical Co , 325 
Furane resins, 325 
Furfural. 320, 323. 366 

by-producu of food packing. 186 
Furnaces. 

controlled atmosphere, 262 
forging. 262 

Fuse, detonating, 274,275.276 
Fusion-piercing, 1^ 

o 
Gages, inspection, 264-266 
Gas engines. 343 
Gat mantifoctare, use of compressed air 

in.H2 ’ 
Gu, 

Gas, (Continued) 
underground storage, 118 

Gas turbines. 80,20], 243, 344-348 
basic cycle, 344 
open cycle, 344 
closed cycle, 344 
comprex, 847 
marine, 347 
locomotive, 347 
present status of, 347 

Gasoline, 
aviation, 309 
number of plants producing, 310 
consumption, 310 
synthetic. 105, 522. 339 
treating, 820 

Gcarmotors, 147 
Gear shapers, 259 
Geiger counter, 252 
General .Aviation Etpiipment Co , 211 
General Electric Co, 74, 158. 231, 287. 

337, 349. 377 
General Motors Corp , 74, 287, 319, 363, 

379 
Generators, 349 350 

hydrogen cooling, 349 
high speed, 350 
excitation of, 350 

Genessiat Dam, 32. 33, 34 
Geochemistry, 286 
Geon, 300. 335 
Geophene, 175 
Geophysical methods, 286 
Georgia School of Technology, 302, 397 
Gerdes, F L , 388 
Gibb, Samuel W , 231 
Ginning laboratories, ir S Dept of 

Agriculture, 389 
Glass. 137 203 

lined pipe, 198 
fiber, 203 
research in, 203 
metal seals, 204 
inelastic deformability of, 204 
photosensitive, 205 
block. 222 
grinding of, 263 

Glare reduction, 223-224 
Gluten separators, 120 
Glycerine, 321 
GoUl-beryllium, 250 
Goodrich Riiblier Co . B F. 368 
Goodyear Tire & Rubber Co , 188, 868 
Gordon, David, 77 
Gouge test, 201 
GR-A, 368 
Granby mine cars, 278 
Graphitization, 341 
Gravity conveyor, 235 
Great Britain, review of industry in, 
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