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PREFACE

The reception of the first edition of this book has been gratifying.
In my opinion, it shows that the trend of textbooks for industrial
engineering is continuing toward the specific rather than the general.
Several decades ago most of the industrial engineering books were
quite general in that they tended to diseuss in one book practically all
the various subdivisions.

At present there are few or no general books on mechaniecal, elee-
trical, or civil engincering. These professions have grown to such pro-
portions that a series of highly specialized books is necessary for com-
plete coverage of all the branches. This policy is also becoming more
desirable for industrial engineers because of the inerecased responsibili-
ties and opportunities offered to them in modern industry.

The sccond edition is an outgrowth of an extensive consulting
practice in many types of industries. A number of changes and addi-
tions have been made to incorporate the current practices for con-
trolling production.

For the best control it is necessary to have accurate and current
data for all parts and materials at all times from the engincering or
specification departments. Many industries, both large and small,
have had difficulty in getting completely reliable and timely informa-
tion from their design engineering departments during the postwar
period.  The need for accurate and reliable information must be con-
stantly placed before the design engineers.

Throughout this revised edition, the various interrelationships be-
tween the several line and staff groups are pointed out and discussed.
Under good control procedures no one group should be allowed to
dominate. Coordination and team work should be the driving foree
to get the complicated problems of modern industry under control.

The questions and problems for the various chapters have been
selected to provoke discussion. Some of the problems have more data
presented than are actually needed for their solution. This of course
is similar to the actual pattern in industry. No one will present the
young engincer with the exact data nceded. He must be able to look
over the field, select the data he needs, and begin the solution of the
problem. It probably is better to let him select his data and make his
assumptions and possible mistakes under the guidance of an able

v
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teacher than it is for him to learn the hard way, under an exacting
industrial executive.

Suggestions, additional problems, and thought-provoking questions
will be greatly appreciated.

C. A. KoEPKE
St. Paul, Minnesota
March 1949
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CHAPTER 1

INTRODUCTION

BACKGROUND FOR PRODUCTION

World Industrialization. The development of industry in the nations
of the world is steadily progressing. During each decade the manu-
facturing techniques and facilities of established factories have im-
proved in progressive nations. Moreover, new sections of the United
States and certain nations, formerly considered backward industrially,
are developing important industrial potentials.

On the other hand, there are some nations and peoples who are still
in the carly stages of industrial development. We are apt to speak
of the Stone Age or the domestic system ! of manufacture as though
they were things of the distant past. Actually, however, there are
places on the globe where these primitive conditions exist. Arctic
explorers, such as Stefansson, report tribes of Eskimos who still have
implements of stone and bone. Necessarily, these tools indicate that
these people are still living in a primitive state.

Domestic System Still Prevalent in Old Mexico. The art and science
of manufacturing has grown tremendously since the domestic system
of producing goods was developed over 200 years ago in England; yet
a study by the author of industry and handicrafts in Mexico shows
that, with the exception of the modern industries in the large cities
such as Monterrey, Mexico City, Puebla, and Guadalajara, the domes-
tic system is largely used to produce goods for the Mexican people.
An entire village is dedicated to a particular handicraft. A village
with a few score to several hundred people makes baskets, while an-
other makes pottery. At least one community is still using the fore-
runner of all lathes, the primitive bow lathe, to produce exquisitely
turned articles from wood.

Early Factories and Their Regulation. England was the first nation
to discard feudalism and gradually adopt methods of manufacturing

1A method of producing goods in the worker’s home with the aid of tools

owned by the worker.
1
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which evolved through the domestic system as it developed until the
factory system ? as we now know it began to emerge.

In 1340 Thomas Blanket, one of three Flemish brothers who were
promoting the making of cloth in Bristol, was ordered by a local
court to pay a fine “for having caused various machines for weaving
and making woolen clothe to be set up in his houses, and for having
hired weavers and other workmen for this purpose.”* From this as-
sembling of machines and hiring of workers to operate them, we may
assume that the first factory was tried more than 400 vears before
the factory system was fully developed and aceepted as necessary in
England. In the later part of the fifteenth century several capitalists
such as John Winchecombe, known as Jack of Newbury, and Martin
Brian of Manchester had large forces of people working in textile
factories. Jack of Newbury was reported to have employed over 1,000
persons in his large factories.

The growth of such factories was halted, however, by an act of the
English Parliament which read in part:

. wealthy clothiers do in many ways oppress them by setting
up and keeping in their houses divers looms, and keeping and main-
taining them by journeymen and persons unskilled, to the decay
of a great number of artificers . . . ordained and enacted by au-
thority of this parliament that no person . . . shall keep, or retain,
or have in his or their houses or possession, any more than one
woolen loom at a time.

This action was taken to prevent the textile industry from falling
into the hands of large capitalists. Later, weavers living in towns
were allowed two looms each.

Here and there factories with power furnished by water were sct
up to drive the simple machines used before the Industrial Revolution.
A silk mill at Derby was the first English factory in the modern sense.
It is described in Taylor’s Modern Factory System as containing
“26,586 wheels and 97,746 movements, which work 73,726 yards of
organizine silk thread every time the water wheel goes around, being
thrice in one minute; and 318,504,960 yards in one day and night.”
This clearly was something entirely different from Jack of Newbury's
factory where all the machines were run by manual power. Both
animal and water power were used to drive the simple machines in

2 A method of production under which workers are congregated in a central
place and make goods with tools owned by the factory.

3 Modern Factory System, R. W. Cooke-Taylor, Kegan Paul, Trench, Triibner
and Co., Ltd., 1891.
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use before the Industrial Revolution. The machines were the same
as they had been for many years, but man had been freed in some
places from furnishing the manual power to turn them.

Domestic System Fails to Supply the Demand. Up to about 1760
the old order of manufacturing had not been disturbed very much.
However, the domestic system was becoming inadequate to meet
the ever-increasing demand for goods. The fundamental manufac-
turing processes were all performed by the labor of human hands. In
some instances animal and water power had been used to drive these
simple machines, but for the most part the power was supplied by the
operator. The simnple machinery was cheap so that each workman
could afford to own it, but its operation required skilled hands. The
worker was the supreme element in the manufacturing process and the
machine was an adjunct to him. This simple combination of man and
machine had certain advantages, particularly for the workman, but
it could not produce goods fast cnough to satisfy the demands of
England’s commerce.

The Industrial Revolution. Authorities differ on what caused the
Industrial Revolution: some say the invention of the great textile
machines and the steam rotative engine was responsible; others claim
a new method of thinking had evolved which was climaxed by Adam
Smith’s Wealth of Nations; still others point to the new commercial
expansion which was demanding more goods than the old system could
produce; and some feel that the rise of capitalism was largely re-
sponsible.  Undoubtedly, capitalism at least provided the driving
force behind the changes. The inventions resulted from economic
necessity.  They were asked for by the industrialists and government
alike.

Need for Prime Movers. While the Industrial Revolution was not
caused by the use of power machines, steam engines were developed
at about the same time because animal and water power were soon
found to be inadequate for the new textile machines.

When Newcomen built his engines, he devised them so as to utilize
the known skills of available workmen, the materials at hand, and
current methods of production. On the other hand, Watt’s improve-
ments were in fundamental design. It was necessary for him to de-
sign better cylinders, pistons, and bearings. He could not limit him-
gelf to the known skills, materials, or methods. Before Watt began
his experiments, there were no steam engine factories, no machine
tools worthy of the name, and little fundamental or applied science
that could be used as a basis for design, and certainly no organiza-
tion for accomplishing any of this.
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Need for a Science of Thermodynamics and Design. Mechanical en-
gineering as a profession was practically unknown before James Watt
began his improvements in steam engine design. The science of
thermodynamics was still to be developed, and, consequently, mistakes
were made in the fundamental design of the engines. Watt and others
associated with him would get ideas for improvements, but, since
there was no way to calculate their effect, the only way to test the
idea was to try it.

Development of Machine Tools. Only a few machine tools existed
when Watt built his first engines. Cylinders were made from ecast
iron lined with wood which in turn was lined with tin or copper ham-
mered to shape. Pistons were made from wood covered with wool,
canvas duck, or paper lubricated with tallow and kept moist with
cow dung. The sheet metal liners became unsoldered and enough air
leaked in to spoil the vacuum. The steam pressure, which was only
a few inches of mercury, caused the liners to bend and these in turn
loosened the solder.

With new experience, Watt and his associates designed more ma-
chine tools requiring more skilled operators. The acute shortage of
skilled men retarded the expansion rate of the engine factories. Tt is
interesting to note, however, that specialization of skills was not prac-
ticed. Millwrights, molders, patternmakers, fitters, machinists, and
blacksmiths were usually capable of doing each other’s work. Actu-
ally, all the skilled workmen did their jobs by hand, and no shop
division of duties had yet been made.

Just as today we are able to measure more accurately than we
can machine commercially, we find that this condition also existed
in 1772 when Watt made the first micrometer. He states, “It divides
distinctly an inch into 400 equal parts.” Later he said that the in-
strument was not in error more than %, of an inch in 9 inches.

The first boring machines were weak, unreliable mechanisms in
which the tool was advanced by hand. When we realize that some
of these early cylinders were from 24 to over 60 inches in diameter
and up to 9 feet long, it is easy to understand their machining diffi-
culties. In the first place the cylinder walls were only from 1 to 1Y
inches thick. The cupolas of that time could melt only limited quan-
tities of iron. If the castings were large, they had to have thin sec-
tions. The problems of holding such a large weak casting for machin-
ing were quite difficult. Any undue clamping force would allow the
castings to spring out of round when the clamps were removed.

Machining of Flat Surfaces. The machining of flat surfaces was the
hardest problem for the early machine tool designer. Even after the
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first cylinders were bored the end flanges were still left as rough
castings to be chipped and filed to as flat a finish as possible. Cements
were used to fill the cavities too deep to be chipped or filed out. In
1782 the machine shop complained to the foundry as follows:

We beg that particular attention may be paid to casting the
flanges straight; we have much reason to complain of this part,
hitherto, . . . we have been obliged to chisel out the iron to the
proper cone, this expense may be saved by some attention paid in
the casting.

As late as 1802 the entire machine shop at Soho did not contain a
planer or other machine for producing flat surfaces. The machines
however included eight metal-cutting lathes, three drill presses, one
wood lathe, and onc lapping machine.

In the early machines, during the entire boring time of a cylinder
the tool had to be fed by hand. In 1802 James Watt, Jr., wrote con-
cerning a new type of boring mill, “His cutter block is pushed forward
upon the boring bar by an endless screw, which, or some similar con-
trivance, we mean to adopt, both to guard against the negligence of
the borer and to save part of his wages.” Thus we see that improve-
ment of method to reduce labor costs was also in vogue in 1802.

Lack of Tolerances, Quality, and Specialization Caused Manufacturing
Troubles. All the cylinders for Watt’s engines were bored in outside
plants. Customers shopped around to get the parts as reasonably as
possible.  Some engines were faulty owing to poor workmanship and
poor fitting of parts which came from several sources. In despera-
tion Watt wrote* to a machine shop complaining of their poor cyl-
inders and boasting of the high degree of accuracy he was obtaining
from Wilkinson in 1776.

Wilkinson hath bored us several eylinders almost without error that
of 50 inches diameter for Bentley and Co. doth not err the thick-
ness of an old shilling in no part so that you must improve in boring
or we must furnish the eylinder.

Even the difference between an old and new shilling would be too in-
definite to be of any use today in discussing measurements.

There were no speeialized manufacturers of such things as screws.
The Soho company made its own screws and received inquiry from a
rival engine company concerning the cost of an order of serews. Again
the question of price arose as shown in this excerpt:

4 Iron and Steel in the Industrial Revolution, T. S. Ashton, Manchester Uni-
versity Press, 1924, p. 64.
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Our screws are made with solid heads [i.e., not welded on] and
they are screwed in stocks and dies with square topt threads like
a vicepin and afterwards brought all to one size by a screw plate.
The nutts and burrs are first entered by a taper tapp and finished
by a tapp which goes quite through them and makes them equally
wide upon both sides. Such screws we find vastly preferable to the
common sort. . . . after all that pains in making them we cannot
sell them under 6d. per lb., and hitherto have been losers by selling
them at that price.

Although it was the custom to make the various units of an engine
in three or four places, there were no tolerances stated on any of the
drawings. Watt wrote to one of his outlying plants, “The water
pump bucket to be the same as Mr. Coleviles, you will please to be
particularly careful in boring piston to dimensions. . . . I say noth-
ing about quality or time, you know we are all upon honour.” With
all due regard to being upon one’s honor it was still very difficult to
produce accurately fitted parts. When we consider the crude ma-
chinery, the lack of consistent or accurate measuring standards in the
various plants producing the parts, and the rather poor raw ma-
terials, it is surprising that engines could be assembled at all.

The engines actually did give a good deal of trouble owing to de-
fective workmanship. There are a number of published letters con-
cerning trouble incurred in operating. One, from a Nottingham
cotton mill owner, written in 1793, complained of both bad workman-
ship and poor material.

The wheels of the sun planet motion were so bad that they were
replaced with new ones; the connecting-rod top had broken; the
coupling-link and the connecting rod gudgeons had broken and had
to be replaced; the fastenings for the gland of the piston rod stuffing
box had broken; the top and bottom exhaust spindles were made
of bad iron and they had broken; the racks and sectors for the
valves were badly fitted and very much out of order . . . and
many other matters.

All these misfits and poor material occurred in an engine that had
been in service only a year.

Transportation in Watt’s Time, Materials Handling. Considering
the undeveloped state of transportation in Watt’s time, it must have
been a real problem to transport the various engine parts from widely
separated sources to the point where the engine was to be erected.
It is clear that much forethought and an extensive organization were
necessary, and that the commercial side of the Boulton and Watt
concern had many difficulties to surmount. Goods made in London
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could be carted to the docks and shipped by water to one of the
Cornish ports, but from Soho or Birmingham goods had to be carted
to the canal and then by boat to the rivers. Piston rods made at
Seaton were usually shipped at Whitchaven to Liverpool and were
then taken to Chester where they were loaded on the same boat as
the cylinder shipped direct from Bersham. The main difficulty was
the absence of materials handling equipment for heavy goods. Cyl-
inders had to be rolled in and out of the ship’s hold. Often the hatch-
ways were too small for the engine parts and another ship would
have to be engaged.

Some parts were sent to their destination by wagons. In 1791
John Wilkinson's clerk at Bersham wrote:

The last cylinder which went to Ocker Hill was taken by our team,
and thrown over in a field near where it was crected. The same
might be done with this . . . there is no danger in throwing a
cylinder from a wagon on soft carth, but it is not so at Preston
Brook. I would sooner trust to throwing it off the wagon there
than to their eranes.

It appears that the general practice was to throw the wagon over
with the cylinder on it.

Damage in transportation was quite common. One piston rod was
ruined beyond repair by being shipped along with some lime which
became wet during the trip.

Investment per Employee in Early Metal-Working Plants. An in-
ventory of the Soho plant in 1786 showed the value of the property
to be £2,319 with about seventeen men employed. In 1800 this value
had increased to £9,010 and the employees to fifty-two. The invest-
ment per employee was about £136 in 1786 and had increased to £173
in 1800. Thus it can be seen that very early there was a tendency
to increasc the value of the facilities made available for each work-
man. Today the Ford Motor Company declares that they have about
$9,000 invested in facilities for every workman on the payroll, or,
roughly, thirteen times as much as was invested per man in 1786 in
the Soho engine works. The American Rolling Mill Company states
that $8,643 per mill employee is required. The over-all figure for
American industry ® is about $6,500 at present compared with $3,200
in 1914 and $1,900 in 1899. Certain nonmanufacturing industries
have even higher investments per wage carner. The electric utilities
have $47,000 and the railroad industry $26,000 average investment
per employee.

8 Investment figures furnished by National Association of Manufacturers.
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The Evolution of the Mechanical Engineer. The engines briefly dis-
cussed in this chapter were made less than 200 yecars ago. They were
crude, unreliable mechanisms, expensive to run, and difficult to main-
tain in good order. The problems involved in their manufacture were
of a pioneering nature. There was little precedent and no traditional
approach to most of the things which had to be done. The patience
and genius of the men of that time may be appreciated when we
realize the facilities with which they worked. From these events
came some of the beginnings of modern specialization.

The mechanical engineer began to evolve during the early develop-
ment of the steam engine beause the technical problems in the design
of the engines and machine tools grew beyond the scope of the ordi-
nary mechanic. The mechanic had his own problems of learning the
techniques brought about by the newly developed machine tools and
foundry requirements. Moreover, since there was no manufacturing
background to depend on, the mechanic was wholly absorbed with
developing a manufacturing method. It is no wonder then that an-
other group had to develop a science to predict performance and to
design better machines. This latter group developed into mechanieal
engineers, and until the close of the nineteenth century they were in-
terested primarily in machine design. The methods used in producing
the machines and the flow of materials through the plant were left
to the foremen and mechanics.

The typical factory organization during the early expansion of
American industry and up to the time of Frederick W. Taylor con-
sisted of general manager, superintendent, foreman, and workmen
supplemented by timekeepers and storekeepers. This line organiza-
tion was the outgrowth of a rather easy-going method of manufactur-
ing in which the mechanic was the key man. Generally speaking, the
foreman and superintendents were promoted mechanies who retained
to a large degree the mechanic’s viewpoint and background.

Shop orders in these early unsystematized shops were recorded in a
simple manner or even given verbally by the sales department to
the superintendent. The superintendent told the details, such as
promised delivery date, manufacturing procedure, and proper mate-
rials, to the foreman who in turn transmitted the outline of informa-
tion to the workmen. It was assumed that the superintendent knew
his business and that the several foremen knew theirs. The workmen
were expected to sense by their trade knowledge what was wanted and
to ask questions when they were not sure.

The foreman, along with the mechanic, carried the load of getting
the work done properly. The foreman gave out work to cach work-
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man when the previous job was completed. He and the mechanic
had to be sure that material was at the work place for the new job,
that tools of the proper kind were available, properly sharpened, and
ready for use at the machine, that the work was done in the cheapest
and best way, and, finally, that the work passed inspection. If any
questions arose that could not be answered by the mechanic or fore-
man, the information was sought from the superintendent or from
the manager. In the meantime the job was held up pending solution
of the difficulty.

The shop of any size relied on a group of stock cnhasers to trace the
parts and to find the reasons for delays. The delays generally were
caused by a series of bottlenecks in the shop which jammed worse
when the pressure was on. To keep production going, more stock
chasers were hired because it was thought too costly and impractical
to do it in any other way.

The Industrial Engineer. It was logical, when Frederick W. Taylor
and others found these conditions widespread in many industries, that
something had to be done if manufacturing was to continue its de-
velopment. Here again a further division of labor was indicated.
That is, another group of specialists, largely mechanical and indus-
trial engineers, found it necessary to develop a science of planning
for manufacturing just as, about 100 years earlier, it was necessary
to develop a science of design. In each case the manufacturing prob-
lems had developed to such an extent that the ordinary mechanic
could no longer cope with all the combinations of art and science
necessary to deliver the goods on time. The engincer and mechanie
had been a wonderful team throughout the ninetcenth century, and
billions of dollars’ worth of products had resulted from the fine co-
operation between them. However, as machines became more com-
plex and production schedules became larger, more complex, and more
rigid, it was impossible to continue under the old plan.

This chapter’s very brief review of industrial development points
out the extent of the world’s progress in the production of goods. The
improvement has been along many lines, including, among other
things, design, materials, machines, personnel policies, and industrial
organization. Some persons, not realizing the great advances made
since the Industrial Revolution, become impatient because industry
is still imperfect. Except for occasional short periods, there has been
steady progress in the production of a greater variety, quantity, and
quality of goods. Better methods of production, lower costs, better
labor relations, and higher wages have all contributed to this progress.
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This development will undoubtedly continue, but past performance
also indicates a gradual process of evolution.

Engineers and production executives learn by mistakes and suc-
cesses. The serious student of industrial enginecering can also learn
by the mistakes and successes of those who have preceded him. A
study of both industrial history and current literature dealing with
factory problems will give the student a better background for his
future actions.

Many different management philosophies have been and are being
tried. Some have been abandoned; others are still in the process of
development. This constant research for an ideal pattern of indus-
trial behavior and a better management technique has been made by
many persons in all types of industry located in many countries. The
bibliography at the end of this chapter suggests sound reading for
further study.

QUESTIONS FOR DISCUSSION

Collateral reading is necessary to discuss these properly.

1. What factors have caused Mexico's industrial development to lag be-
hind that of its large northern neighbor?

2. Why was the domestic system a natural step in the growth of England’s
industry ?

3. Why were England’s early factories resented by the people?

4. What factors caused a major change in English industry about 1760?

5. Was obsolescence or depreciation the greater menace in the carly de-
velopment of the textile industry?

6. Which came first, the Industrial Revolution or the new prime movers?

7. Discuss the evolution of mechanical engineering during James Watt’s
time.

8. Was the evolution of the mechanical engineer a natural or a forced
development ?

9. How did the lack of skilled workmen and machine tools affect the
design of Watt’s first engines?

10. Why were machines for producing flat surfaces not available as early
as lathes and drill presses?

11. What factors prevented the production of accurate engine cylinders?

12. Why did Watt discourage the building and use of rotative engines?

13. Discuss the lack of tolerances in the production of Watt’s engines.

14. Discuss the typical factory organization during the carly expansion
of English and American industries. Do any industries in America use the
same plan today?

15. What caused the American colonies, with all their raw materials, to
be rather slow in developing industry in America?
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CHAPTER 1II
AN ANALYSIS OF SOME PRODUCTION FACTORS

This chapter is concerned with a simple analysis of the development
of some of the potent factors which have made great production
possible.

These factors are presented as a rough guide to aid the industrial
engineer in selecting the areas of activity which can be more profitably
developed. Some of these factors have advanced to a high degree
and probably any future improvement will require extensive work.
On the other hand, some of these factors, which are important for
modern production, are only partially developed. Further expansion
of this latter group should show good returns, and industrial en-
gineers, as a part of their contribution to production, should help
develop them to their maximum usefulness.

CUTTING TOOL MATERIALS

The story of cutting tool materials is intimately connected with
modern production. The speed with which metals and other materials
of construction can be machined has an important bearing on produc-
tion cost, not only in the metal-working industry but also to some
extent in practically all industries. Even if no actual cutting or
shearing operations are done in a particular industry, there usually
must be some equipment or machinery in the shop or office which is
made by cutting tools. Industry depends on modern tools; costs would
be higher if we had to depend on the cutting materials of only a few
decades ago.

During the unknown thousands of years when man was in the
Stone Ages, no goods were produced. Mere existence was precarious,
and progress was so slow that over periods of many centuries it could
scarcely be noticed. Although the use of bronze for cutting tools,
which began about 2000 B.c., was a noticeable improvement over the
stone tools, it still did not have any great effect on the production
of useful articles. Bronze was used to make the common knifelike

tools and axes, but it was of little value for production. The use of
12
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iron for utilitarian things such as nails, hinges, and cast cannon long
preceded its use as the basic material for carbon tool steel.

Carbon Tool Steel. By using a slow process of carburization in a
charcoal fire, reducing the section by drawing, folding the drawn-out
section, and welding the fold and repeating the process over and over,
the artisan did create some wondrous swords of which many fabulous
tales are told. These thin, laminated scctions of carburized steel
were actually carbon tool steel. But not until about 1750 was the
iron industry able to produce carbon tool steel cheap enough and in
large enough quantities to be useful as a cutting tool for industry.
Carbon tool steel could be hardened and tempered to cut any of the
metals then in common use. In fact, carbon tool steel was the supreme
cutting tool material until the close of the nineteenth century when
“mushet” steel, which was an improvement over the carbon variety,
was introduced.

High-Speed Steel. When Frederick W. Taylor® and his associates
were experimenting with metal cutting they developed high-speed
steel capable of cutting with about twice the speed of carbon tool
steel. This discovery had far-reaching results. Practically all ma-
chine tools had to be redesigned to take the added strain the higher
cutting speeds entailed. Production per man increased and the cost
of manufactured articles started downward.

Stellite. In 1914 Elwood Haynes of the Haynes Automobile Com-
pany announced a new cutting tool material called Stellite. When
used on certain materials, notably cast iron, Stellite was able to double
the cutting speed over that obtained with high-speed steel. This new
material contained little or no iron and again the metallic base for
cutting tools was changed—this time from iron to tungsten and
chromium. Stellite ruled supreme in its field until 1928 when tungsten
carbide was announced.

Cemented Carbides. Tungsten carbide was closely followed by a
series of other cemented carbides such as tantalum, borium, and
titanium carbides. Each of these has a field of use today, but in
these fields they have inereased the cutting speed more than 300 per
cent over any previous best performance of the older-type cutting
tools.

Refinements in the use of known carbides have improved the per-
formance of these tools, notably in the number of pieces per tool grind.
Tantalum carbide * replaced high-speed steel on a job of turning

1 Frederick W. Taylor, “The Art of Cutting Metals,” Transactions of the
American Socicly of Mechanical Engincers, Vol. 28, 1907.
2 “Getting Results with Tantalum Carbide,” Machinery, October 1937, p. 87.
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automobile starter ring gears. The gear blank was formerly turned
at 40 feet per minute with a machining time of 14 minutes and 35
seconds, producing 50 picces per grind. The best tantalum carbide

Ficure 1. Sixty-eight-inch milling cutter with inserted blades tipped with tung-
sten carbide. Note small darkened section on cutting point of each insert.
Speed on aluminum ingot, 3,000 feet per minute.

tool turned at 250 feet per minute, took 4 minutes and 35 seconds, and
ran 800 picces before the tool needed regrinding. The finish on the
new job was superior to that obtained when the high-speed tool stecl
was used.

An extra large cutter ® 68 inches in diameter with tungsten carbide

8 “Huge Tungsten Carbide Milling Cutter,” Machinery, October 1937, p. 91.
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inserted teeth is used to machine the surfaces of aluminum ingots.
The cutter runs 3,000 feet per minute with a feeding rate of 72 inches
per minute. A 150-horsepower motor drives the milling machine.
(See Figures 1 and 2.)

An article* about Carboloy states that, with one exception, the
Carboloy Company has not developed recently any new grade of

Courtesy of The Ingersoll Milling Machine Company

Figure 2. Aluminum ingot is held by screws. Note drive from motor to cutter
spindle.

cemented carbides. It is more important at present to make the cur-
rent selection and application {rom existing grades. Better tool grinds,
better brazing to hold the tips, and, above all, better machines de-
signed to be rugged enough are increasing the use of the cemented
carbide tools. In a machining test a Carboloy tool turned a 0.50 per
cent carbon steel log on a Warner and Swazey heavy-duty turret lathe
with a tantalum carbide single cutter at the rate of 390 feet per
minute; feed %4 inch; depth of cut 34 inch; metal removed at the
rate of 3,600 pounds per hour; power consumption 149 horsepower.

+ “Progress in the Application of Carboloy Tools,” Machinery, October 1937,
p. 105.
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This kind of cutting ability is phenomenal when we remember that
a few decades ago often one 10-horsepower motor drove a line shaft
which had ten or more lathes all running off the one motor.

The various carbides recently introduced are just under the diamond
in hardness. Some metallurgists feel that the improvement in cutting
tool materials has begun to approach limiting factors which will make
future progress difficult.® If this is true, the possibility of large in-
creases in future cutting speeds may be rather remote. When ma-
chines have been improved to the point where they use the entire
possibilities of the carbides and when mounting and grinding tech-
niques for these tools are fully developed, engineers may have to look
elsewhere for methods of increasing production and lowering costs.

THE ABILITY TO MEASURE ACCURATELY

The development of the ability to measure accurately, particularly
lineal dimensions, is directly connected with our industrial develop-
ment and particularly with mass production and interchangeable
parts. In medieval time it was not necessary to have standard meas-
urements because trade was strictly local. The crude standards that
did exist helped very little. Pecople who have lived in the country
know how much kernels of grain vary in length from year to year
and from field to field; yet one of the earliest standards of length was
“three barley corns laid end to end to constitute a standard inch.”
Another standard of length was the yard for measuring cloth, fixed
by the distances between a king’s armpit and finger tip. In Italy this
queer standard was used. On a Sunday morning, the first sixteen
men coming out of a church were placed in a straight line with their
left feet touching heel to toe. The combined length of their sixteen
feet was the “rightful rood with which to measure the land.” From
these crude methods, the English began to look toward a standard
which could be reproduced scientifically. For a time the length of a
“gecond pendulum” was used but this proved to be inaccurate since
it varied, depending on its location on the earth’s surface. The French
developed their metric system, but, because of an inaccurate survey
of the meridian through Paris, it is in error. Not until scientific
studies suggested the length of light waves was the standard based on
a constant that could be duplicated at any time.

5 No new cutting tool material has been developed since the first edition of
this book (1941). However, new, improved, and more powerful machine tools
have been developed to utilize better the inherent possibilitics of the cemented
carbides.
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Methods of Measuring. The methods of comparing articles to be
measured with a standard have also gone through an intensive de-
velopment, through the hand-divided rule, the machine-graduated
rule, and calipers, to the micrometer and snap gage, and the various
types of optical, liquid, mechanical, air, and eclectrical comparators.
Air and eclectrical comparators are capable of measuring to 0.0001
inch or better. Manufacturing of interchangeable parts has made it
neeessary to use tolerances that would have been impossible without
modern preeision measuring tools.

About 1912, C. E. Johansson of Sweden sent some gage blocks to
this country. These blocks were guaranteed accurate to 0.00001 inch
per inch. Scientists marveled at their accuracy, but industry saw no
extended use for them. When Ainerican industries began to make
great quantities of munitions for the Allies during World War 1, it
was found necessary to make these parts in several plants. Quite
carly it was discovered that, although these factories were usually
aceurate as far as the inch in their own plants was concerned, the
different factories were not working with the same inch. At this
point the Johansson blocks came into the picture—but Germany was
buying all Sweden could produce. Later the United States Army in
conjunction with the Pratt and Whitney Company and the Bureau
of Standards developed the Hoke gage to an accuracy of 0.000002 to
0.000008 inch. These gages are compared with known standards by
means of light waves. The American system of measurements has
been developed to a point where 1t is possible to measure more ac-
curately than we often can afford to machine.

Excessive Accuracy Means Excessive Machining Costs. J. A. Hall in
the Transactions of the American Society of Mechanical Engtneers
dizeussed the cost of unnceessarily close tolerances. He stated that
about 20 per cent of the cost in metal-working shops was due to ex-
cessively close tolerances. He gave a number of examples of costs
which were reduced by inereasing the tolerance without impairing
the quality of the product. By calculation of several of the examples
shown it appears that the cost tends to be related inversely to the
square of the tolerance allowed.

A firm manufacturing small tools received an inquiry for a metal-
slitting eutter of the circular dise type. Tolerances were specified
to plus or minus one-half a ten-thousandth of an inch. The tool
manufacturer quoted $100.00 each for these cutters. The customer
immediately wrote back pointing out that the price was excessive.
The tool manufacturer asked the customer to specify the purpose
for which the tools were to be used, and requested that he be per-
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mitted to use his own judgment as to the accuracy required. If the
cutters, when so made, were not satisfactory, he agreed to stand the
entire expense. The result was that perfectly satisfactory cutters
were made with tolerances of plus or minus one quarter of a thou-
sandth of an inch, which reduced the cost per cutter to $4.00. The
customer’s engineers apparently had no conception of the accuracy
that was actually required for the work which they were buying
tools, nor did they anticipate the cost of the accuracy they de-
manded.

As just one more example of the cost of unnccessary accuracy
may be mentioned the case of a tooling equipment on which a man-
ufacturer quoted; there were four dimensions that were carried to
the fifth decimal place, with the understanding that an accuracy of
plus one hundred-thousandth inch was required. The tool manu-
facturer quoted over $35,000, but after he had persuaded the cus-
tomer that the four “accurate” dimensions would serve every con-
ceivable commercial purpose if the accuracy was to within plus
or minus 0.0002 inch, the quotation was reduced to about $4,000.
These examples taken from everyday manufacturing practice, it is
thought, will indicate that there is such a thing as unnecessary
accuracy being asked for in the machine shop field. The most
valuable quality of an engineer outside of his technical knowledge
is a sense of values, the ability to judge when and when not the
things that are theoretically possible are, in practice, sensible.®

Here again we sec a tool of management which is very necessary
to mass production in certain fields; yet accuracy in measurement has
been developed, in many instances, past the point where the ability
to measure close tolerances will help to produce cheaper goods.

DIVISION OF LABOR AND ITS LIMITATIONS

Division of labor has been a powerful method of increasing produc-
tion and it has been known for a long time. As early as the fifth
century B.C., Xenophon writing in the Cyropedia summed up the bene-
fits of division of labor as follows: “He, therefore, that is employed
in a work of smallest compass must of necessity do it best.” Onc can
see that Xenophon had a clear idea of the benefits to be derived from
the division of labor. Though his reasoning was correct up to a cer-
tain point, the division of labor can be carried too far. In mass pro-
duction it has often been found advantageous to have one man start

8 Discussion of J. A. Hall’s paper in Transactions of the Amcrican Society of
Mechanical Engineers by Eric Oberg.
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a nail or a nut on a bolt while another man drives the nail home or
tightens the nut. This is the limit on division of labor because two or
more persons could not share the work necessary manually to start
a nail or a nut. In other instances, such as the assembly of a car-
buretor on a conveyer belt, it was found advisable to combine some
operations after an carlicr extreme division of labor. This was not
because one man could not learn and perform his bit of work quicker
and better, but because too large a percentage of his working time
was spent in grasping, transporting, and releasing the parts. The
percentage of unproductive working time was reduced by increasing
the amount of assembly work done at each station. In other words,
division of labor ean improve the performance of a plant but we must
be able to recognize its cconomic limit.

TRANSFER OF SKILL

The transfer of skill together with the transfer of thought and in-
telligence has had an important bearing on industrial development.
The Industrial Revolution was a fundamental change in the method
of production. It involved transferring a part or all of the skill of
the workman to the machine. Dean Dexter Kimball in his Indus-
trial Economics® has well illustrated the fundamental principle by
his choice of a simple drill jig. When a group of metal plates needs
a series of holes drilled to definite tolerances, there are several ways
in which this can be accomplished. One is to use a skilled toolmaker
to lay out cach block; by the skilled manipulation of dividers, drill,
and speeial chisel, he can produce the plates, but the cost per plate
is high. It has been said that it takes a highly skilled man a long
time to do a mediocre job by this method. Today when a skilled
toolmaker uses any one of the several methods such as toolmaker’s
buttons or the modern jig borer, he can transfer his skill to the master
plate in which the holes can be bored to any desired commercial
tolerance. When these holes are bushed with hardened steel bushings
and locating devices are placed on the master plate to bring the holes
in proper relationship to the edges of the plate to be drilled, any
person, skilled or unskilled, can place the jig and drill the holes.
Moreover, the holes drilled by this method will all be interchangeable,
well within the tolerance desired, and the cost will be only a fraction
of the cost of doing it the other way. Herein lies the character of

7 Industrial Economics, Dean Dexter Kimball, McGraw-Hill Book Co., 1939,
p. 24.
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the change wrought by the Industrial Revolution. “The accuracy of
the work no longer depends on the skill of the operator but on the
accuracy of the tools.”

This principle has been the basic thought throughout the entire
history of the Industrial Revolution from its inception in the textile
industry up to the present day. As long as men are free to think and
plan, the transfer of skill to machinery and tools will go on. Each
new idea seems to give others a new idea, and change to better meth-
ods tends to become geometrically accumulative. In other words, the
Industrial Revolution is still going on and probably will continue
indefinitely.

BETTER METHODS

The use of new methods as developed by the science of motion
study 1is closely associated with the transfer of skill, intelligence, and
thought. Through this tool of management we are able to reconstruet
operations, eliminate useless motions, devise auxiliary cquipment to
aid the work, increase the output, and at the same time reduce the
actual output of energy required per man per day. This technique
was not fully accepted when it was developed by Frank and Lillian
Gilbreth. However, it has now been developed to the usefulness which
the Gilbreths visualized in the beginning. The science of motion study
is showing industry how to increase production without the usual
driving tactics used in the past. Motion study can often inerease
production on an operation enough to make it unnecessary to pur-
chase the next highest type of machine to do the job. Sometimes the
next highest machine has such a large increase in productive capacity
that the machine will not be economical heeause its full capacity can-
not be used. As an intermediate step, motion study should be tried
first. By ingenious design it has become possible to transfer many
highly complicated operations, which formerly required skill, thought,
and intelligence on the part of the operator, to automatic machines.
Many modern machines have a mechanical memory device which is
built into the mechanism. Through such transfer and the application
of motion study, industry can continue to find many opportunities to
reduce costs and decrease fatigue. Such improvements must, of
course, be analyzed from a cost standpoint to determine whether they
are economically feasible.

Table 1 shows that industry has increased its output per man-hour
substantially in the period from 1919 to 1936. Not all industries have
made the same improvement, and it is difficult to say whether the
industries with small increases reached their best performance carlier
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or whether those industries have become complacent. Normally, the
newer industries may be expected to have the greater possibilities for

TABLE 1

IMPROVEMENT IN OuTPUT PER MAN-HOUR DURING THE PERIOD FROM 1919 TO 1936 *
(Not always lowest in 1919 nor highest in 1936)

Improvement in

Index Points
Industry Low High
1929 =100 |% Increase
Agricultural implements 39 118 79 203
Boots and shoes 42 130 88 209
Bakeries (biscuits and crackers) 79 113 B% 43
Cane sugar 64 139 75 117
Canning (fruit and vegetables) 77 146 69 90
Cement 60 128 68 113
Chemicals 42 118 76 181
Clay (no pottery) 79 103 24 30
Coke 52 107 55 106
Candy 88 171 83 94
Cotton goods 84 131 47 56
Electric lamps 25 108 83 330
Fertilizers 57 122 65 114
Flour 59 111 52 88
Furniture 60 101 41 68
Glass 59 162 103 175
Ice cream 72 146 74 103
Steel 51 113 62 121
Leather 71 128 57 80
Lumber 87 126 39 45
Motor vehicles 43 115 72 167
Smelting 51 107 56 110
Publisking 56 125 69 123
Paint and varnishes 74 122 38 51
Paper and pulp 60 120 60 100
Petroleum 49 158 99 202
Rayon 77 241 164 213
Rubber 70 140 70 100
Tobacco 68 148 80 118

* Data taken from National Research Project Bulletin on “Production Employ-
ment and Productivity in Fifty-Nine Manufacturing Industries.”

improvement. The electric lamp industry with 330 per cent has the
greatest percentage of increase, whereas the rayon and petroleum in-
dustries have 213 and 202 per cent, respectively. Two old industries,
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agricultural implements and boots and shoes, however, also have over
200 per cent increase in productivity in this period.

Extensive changes are required to raise the productive capacity of
a whole industry 50 per cent. Yet the table shows that eightcen in-
dustries increased their productive capacity 100 per cent or more
during the tabulated period. Better methods are a powerful factor
which should continue to develop for a long time.

NEW MATERIALS

New materials and new uses for old materials should keep the de-
signing and industrial engineer of industry keenly alert to the possi-
bilities of reducing costs and improving the product. New materials
are being brought to us rapidly by chemists, metallurgists, and others
engaged in organized research work. In its 1937 financial report E. 1.
du Pont de Nemours & Company reports that 40 per cent of the
year’s business came from products unknown in 1927. Cast iron
formerly was cast from iron number one, two, or three, according to
the thickness of the section desired. Today, metallurgists have made
it possible to produce cast iron with a variety of physical properties
to suit many new conditions. Cast iron* without expensive alloys,
but properly melted and cast, has shown an ultimate tensile strength
of over 100,000 pounds per square inch. These new properties make
it possible to use cast iron for automobile erankshafts, camshafts, and
a variety of new uses where it never could have been used in its old
form. Plastics, die castings, stecl stampings, and drop forgings all
have contributed to reduction of cost when compared with other ma-
terials used previously in a product. The B. F. Goodrich Company
has developed literally hundreds of new uses for rubber; altogether
they make 32,000 products in over a thousand lines. Reeently the
B. F. Goodrich Company announced a “Rorsilader spring” which uses
a soft cushioning rubber mounted in place of the usual spring. Road
shocks are absorbed in the rubber and do not reach the frame, thus
giving a smoother automobile or bus ride. And so on, indefinitely,
the march of progress involves new materials and new uses for old
ones. As long as we have new scientists and continued research, we
shall continue to produce new materials for the engineer to consider
in his new designs of old products and of products never thought of
before. Industry cannot afford to neglect the constant need to review

8 Lecture by Donald Reese of International Nickel Company at Foundry
Executives’ Conference held December 7, 8, and 9, 1939, University of Minnesota.
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its materials of construction for possible reduction of cost and im-
provement of product.

PLANT DESIGN AND LAYOUT

Since this book is written primarily to discuss the concepts and
problems of production control and planning, the important subject
of plant design and layout will not be discussed in detail. However,
it can be stated that proper design and layout can contribute con-
siderably to a more successful operation of most plants. Layout is
closely associated with the study of methods, machinery, and the
movement of materials, but in some plants it is under a separate
branch of industrial engineering.

In an integrated program of cost reduction the industrial engineer
immediately comes to the problem of energy wasted in moving the
material unnecessarily during the manufacturing process. This diffi-
culty can be solved by using the facts gathered from motion and
time study, production possibilities of new methods and machines,
the manufacturing requirements of new materials, and, above all,
the manufacturing requirements of the products being manufactured.
By recombining or synthesizing all the known facts one can arrive
at one or more ideal layouts which will have the lowest over-all cost
of production. Keen minds able to think analytically and syntheti-
cally are necessary to do a good job in plant layout. Tremendous sav-
ings have been made by this branch of industrial engineering, and
the job never can be considered finished.

SELECTION AND MORALE OF PERSONNEL

The selection, maintenance, and continued cooperation of the per-
sonnel of any industrial concern is one of the most difficult tasks in
running a modern industry. We all have our own examples of or-
ganizations which have gone ahead with fine morale, overcoming ob-
stacles as they arise.  Other organizations getting their personnel from
the same community are beset by bickering, petty quarrels, and “buck-
passing,” which require time and energy to control. The half-hearted
cooperation some companies get from their employees results in a con-
stant loss of labor which must be reflected in their costs. In any cost
reduction program, therefore, the personnel program should be care-
fully considered. The selection and maintenance of personnel is a
continuous job, and new techniques are being developed by specialists
in the field. Such firms as the Procter and Gamble Company which
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has an extensive research program devoted to discovering better ways
of selecting personnel, the American Telephone and Telegraph Com-
pany, and many others are doing fine jobs of selection and mainte-
nance of their personnel by means of special departments set up for
this purpose.

The personnel in the factory can be the most aggravating or the
most enjoyable factor according to the morale of the group doing the
job. The type of leadership has a great deal to do with how well a
group can work together. A good organization set up to assign re-
sponsibility with authority to people according to their ability to
assume it will provide a smooth operation of the plant which no other
method will give.

PRODUCTION CONTROL

The composite factor of production control includes a varicty of
functions and devices which contribute to the successful controlling
of the flow of materials through the production cycle. Production
planning in all its phases, from the sales estimate for future produec-
tion to the finished produet in the shipping room, is necessary for
complete control of factory operations.

The detailed planning, routing, scheduling, and dispatching func-
tions of production control provide a system for production, but it
should not be assumed that these four functions are exclusively
synonymous with production control.

In any manufacturing enterprise, someone must perform the various
functions of production control; whether it is done by a group of spe-
cialists or whether it is done by the superintendents, foremen, and
workmen is a matter for each organization to decide after a considera-
tion of the costs of each method as related to the results obtained.

This book deals with the problems of accumulating pertinent funda-
mental information and distributing this information along with the
materials for production to the proper work stations so that finished
goods can be made according to a prearranged schedule. The system
for doing this will vary widely from one plant to another and is not
important in itself. Production control has become nccessary in mod-
ern industry and the tendency toward using a group of specialists for
its operation is increasing.

QUESTIONS FOR DISCUSSION

Collateral reading is necessary for best results,
1. Carbon tool steel is the oldest practical material used for cutting tools,
yet it is widely used today. Why?
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2. Why are the cemented carbides not used more?

3. Assuming that machining to higher degrees of accuracy costs little
more, would engineers be justified in specifying smaller tolerances?

4. Are the so-called vertical or industrial labor unions the result of divi-
sion of labor? Explain.

5. Should engineers transfer the maximum amount of skill to a machine
or device?

6. Should the introduction of improved machinery be regulated by law?

7. Can better methods obviate improved machinery?

8. Try to explain the reasons for the low percentages of increase in
productivity for some of the industries listed in Table 1.

9. Which new material, in your opinion, has created the most disturbance
in the economics of production?

10. Which new material, in your opinion, has given the machine designer
greater freedom to do new things?

11. From your own experience, what has been your reaction to the morale
of the groups you have worked with?
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CHAPTER III
SCOPE OF PRODUCTION CONTROL

Production control has developed in modern industry largely as the
result of the ever-increasing demands made on manufacturing facili-
ties. Chapter I described briefly how the problems of production,
like the problems of design, have grown beyond the knowledge and
capacity of the mechanic and foreman in the shop. The production
facilities of the modern plant operate as a series of coordinated units
‘which must be controlled by people who are thoroughly cognizant of
all possible difficulties which may arise from any unbalanced con-
ditions.

Production control may be defined as the coordination of a scries
of functions according to a plan which will economically utilize the
plant facilities and regulate the orderly movement of goods through
their entire manufacturing cyele, from the procurement of all mate-
rials to the shipping of finished goods at a predetermined rate.

Every plant necessarily controls production in some manner. This
book, however, is concerned with the development of a modern concept,
of controlling production based on a scientific approach. This in-
volves recording facts and information about production, analyzing
the results obtained, and basing future action on the analyses.

Variations in the Functions of Production Control. Production con-
trol should be considered as a tool of management, used solely to
expedite the manufacture of all products at a lower cost and on
schedule. If it fails to accomplish this in a particular plant after a
reasonable time, it should be discarded in the same way as any other
device or plan which is no longer economically sound.

The various functions which must be controlled, in any manufactur-
ing plant, do not differ much from one kind of product to another.
The method and extent to which these functions are controlled does
vary, however, as several examples will illustrate. The purchasing
of materials for production is usually planned and scheduled by pro-
duction control. But an ordinary brick manufacturer using an ad-
joining clay deposit for raw material and natural gas for firing the
kilns would have practically no purchasing problem and thus few
purchasing requisitions for production materials. If we contrast this

26
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to the purchase requisitions which must be written for such industries
as the Ford Motor Company and the Western Electric Company, who
purchase literally thousands of different production materials, each
with definite specifications and a definite schedule of delivery dates,
it is easy to sce that the purchasing function is always present but
varies in complexity.

While purchasing is seldom under the production control group,
the latter usually specifies the minimum amount of production mate-
rial that must be procured and the schedule upon which it must be
delivered to satisfy production needs. This information is given to
the purchasing department so that its functions will be coordinated
with the over-all planning and scheduling which is done for the pro-
duction departments.

The function of routing (see Chapter XI) also varies widely from
one plant to another but for another reason. In certain types of con-
tinuous plants, such as cement, flour, rayon, and to a large degree
the mass-production plants, such as automobiles, typewriters, and
washing machines, the routing function from day to day is almost
negligible.  This does not mean that the products from such plants
do not follow a planned path through their manufacturing cycles.
On the contrary, the path the product follows through the plant is
usually fixed by careful, painstaking studies before the plant ma-
chinery is installed. Only special parts, such as those needed for the
right-hand drive automobiles made occasionally, must be routed spe-
cially as they appear on the schedule. Continuous- and mass-produc-
tion plants have men constantly at work on the problem of routing,
men who do an extremely careful and detailed job. However, their
main responsibility is to prepare the shop layout and routing for new
models and changes which occur from time to time. After the rout-
ing has been carefully done on any one part or product, an operation
sheet is prepared that may remain unchanged for months at a time.
On the other hand, small or large plants producing goods in manu-
facturing lots or to a certain customer’s order have the constant prob-
lem of routing different parts through the same machines. This re-
quires day-to-day study to keep the machines busy and all the prod-
ucts moving through on a prearranged schedule.

Planning Procedures Vary with Method of Manufacture. Such com-
panies as General Electric and Westinghouse manufacture large turbo-
gencrator units in limited quantities, which may take several years to
design and fabricate. In addition, they also make smaller units such
as motors, transformers, and meters in large quantities. The Minne-
apolis Honeywell Regulator Company produces an extensive line of
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temperature and humidity control devices. About 20,000 separate
parts are needed to assemble the different devices made by the Minne-
apolis Honeywell Regulator Company. Most of these are produced
in manufacturing lots of various sizes. The problem of planning the
orderly and economic flow of materials through the productive proc-
esses in such plants calls for the best efforts of specialists to prevent
chaos.

In addition to these extremes, there are all the gradations in be-
tween. It is pessible to have orders for one or many pieces which
are never intended to be duplicated, or orders for one or many pieces
which are duplicated at either regular or irregular intervals. Some
companies produce goods under all these conditions or combinations
of them, which make it necessary to have trained men for developing
methods and procedures to keep the factory producing on the re-
quired schedule.

Production Control before Taylor. As discussed in Chapter I the
plan used almost entirely up to 1900 was to have the superintendent
release the manufacturing orders as they came in and let his staff
of foremen get them out the best they could. Broken promises, high
cost of goods, and dissatisfied customers often were the result of the
old system. When the factory got farther behind, it was the custom
to hire more stock chasers or expediters, as they are now called, to
wave telegrams under the foreman’s nose, to stress the fact that order
so-and-so was already two weeks late, and to state vehemently that
if the order was not forthcoming immediately it would be canceled.
But since most of the trouble was due to certain bottlenecks in the
plant which were not always apparent until the situation was care-
fully studied, the net result often was to interrupt production and to
slow it down still more. It is not difficult today to sec why Taylor
criticized the system in gencral use when he came upon the scene.
Even after Taylor and his associates proved that jobs could be satis-
factorily planned in advance, the idea was accepted slowly.

Production Control after Taylor. Through a number of technical
articles, several books, and a series of discussion groups, F. W. Taylor
gradually built up a technique and a group of followers to promote
better management in metal-working plants. H. L. Gantt, a close
coworker with Taylor, contributed the well-known Gantt charts which
are used considerably in modern production control systems.

The accepted method today is to build a system or procedure around
the plant’s operations and personnel which becomes a natural part of
the plant. The group trained to operate this control procedure is some-
times a part of the over-all industrial engineering organization.
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Through the free exchange, among the industrial engineering groups,
of data and ideas such as time study, layout, wage incentives, process
analysis, operation sheets, methods, and standards, the production
control group can get the necessary information for effective control.

Production control uses information collected by these industrial
engineering groups and coordinates it with further information from
sales forecasting, factory management, and design engineering or speci-
fication departments. All this information is used to control effectively
the orderly flow of materials to meet the prearranged production sched-
ule. Where the product is a continuing one, inventories are controlled
to satisfy the scheduled requirements with a minimum capital invest-
ment. Related factors such as the amount of direct labor, machine
loads, and inspection must be balanced and controlled by effective
methods of issuing manufacturing orders and by analysis of returns
or data from the completed orders. These data or returns must be
routed so that interested groups such as cost accounting, payroll, pro-
duction foremen, and superintendents get all the necessary information
promptly.

These various activities start from the sales forecast and end when
the goods are shipped from the factory, preferably on the scheduled
date.

These functions and others constitute the source and solution of
the problems of production control. They must be coordinated and
balanced by the application of sound principles, effective methods,
and a discipline that will minimize personnel failures.

SYSTEMS FOR PRODUCTION CONTROL

Through an extensive consulting industrial engineering practice and
an intensive study of a number of plants which manufacture a wide
variety of products, it has been found that plans for controlling the
flow of materials vary widely. Practically all plants have some proce-
dure for controlling the flow of production through the manufacturing
processes, but in some plants the procedures are not complete or well
developed. The author has scen forms used to operate a system vary-
ing from simple sheets hand made each morning to an elaborate set
of printed forms used to control every phase of the production eycle.
The hand-made forms were crude and required the personnel to have
prodigious memories and to be on duty continuously because the forms
were taken home at night for reference in case the night crew called
by telephone with questions. On the other hand, the more complete
systems controlled production almost automatically after the forms
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were released through a planned sequence of orders and returns to
interested groups. '

From the discussion thus far in this chapter it is easy to see that
the problems of production control vary widely in different plants.
For this reason it is not wise to advocate any definite system for all
situations. We shall look henceforth at the diverse functions ordi-
narily connected with the manufacturing cycle and see how these
functions vary under different conditions. Methods and devices for
coordinating the functions will be discussed but no one system will
be advocated in the text. Several examples will be shown of methods
for controlling each factor. However, the reader is strongly urged to
study his own plant, to decide the extent to which each function is a
potent factor in his particular manufacturing cycle, to set up co-
ordinating agencies between these functions, and, finally, to devise
a system which will do as much as possible automatically. A tailor-
made plan such as this will keep unnecessary production control forms
to a minimum. It will distribute the work of the various funetions
to the people best able to carry the load. It will relieve the foreman
and workmen of many clerical duties which hamper their efforts in
their main job of producing the product.

METHODS FOR INSTALLING PRODUCTION CONTROL

When the executives of a plant decide to change to a planned
control of operations by a centralized group, it is necessary to do so
with a firm determination to sce it through. Halfway attempts only
cause confusion and increase the cost of installing the system. The
plan should be well designed and carefully developed to make it work
from the beginning.

The management should be ready to support such a system by dele-
gating the responsibility and authority to set up the necessary dis-
ciplinary measures to make the plan work. Experience has shown
over and over again that the best men with considerable talent and
ability will plan the work in their departments independently and
act selfishly unless there is a strong and able leadership to coordinate
all efforts. To get teamwork of such order requires careful training
and discipline.

Installation by Decree. There are two general ways such a plan
can be installed. The first one is by decree in which the management
suddenly announces a definite plan and orders everyone to conform
without further argument. This method fails to get very much co-
operation because many executives may not understand the system,
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and most of them would resent such high-handed procedure. The top
executives may think valuable time can be saved by such a scheme,
but a much more workable plan can be developed by appointing com-
mittees to help develop the system. This method takes more time in
the beginning, but the key personnel of the plant are developed with
it and, by the time the plan is ready, almost everyone undcerstands it
and is ready to get it into operation.

Installation by Committee. The sccond plan uses committees of
exceutives who are guided and assisted either by an outside consultant
or by a capable man from the plant who has specialized in this work.
The committees should include strong, forceful leaders who know how
to get things done and who are backed by authority as well as re-
sponsibility.

The general committee for investigating the possibility, advisability,
and, finally, the methods of installing some plan may be composed of
strong representatives from the engineering design, industrial engineer-
ing, sales, shop, and cost accounting departments. These men could
represent the interests of the main departments and develop new ideas
under the guidance of the consulting specialist. These ideas should be
presented in a diplomatic way to get the cooperation of the plant per-
sonnel rather than enforced consent. However, it is rarely possible
to get all individuals in a large organization to cooperate without
disagreement.  Some will want to continue to run their own show
independently of any scheme to make the plant function as a unit.
If diplomatic action fails with such individuals, the committee should
have a strong delegated authority to discourage such opposition.

Engineering Consultant Aids Committee. The function of the con-
sulting industrial engineer, who may be a staff member or brought in
from the outside, should be to steer the committee along a definite
path which his experience indicates to be advisable. Here again, the
functions to be controlled should be the basis for study. The com-
mittee should not be allowed to do too much experimenting. There
is a considerable backlog of experience from a variety of plants which
can be used as a guide. It is no longer nccessary to be a pioneer in
this ficld because cause and effect relationships are fairly well known
to engineers trained in this work. It is vital to make extensive surveys
of the plant so that complete knowledge of machinery, equipment,
tools, layout, product design or specification, personnel, and internal
transportation facilities may be known for considered action.

It may be well to remind the committee from time to time when
arguments become too heated that scientific management is not on
trial in their deliberations. It has proved its ability to reduce costs
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and to produce more goods many times, over a period of several dec-
ades. If modern management methods fail to work in any plant the
men in charge of the installation should be blamed rather than scien-
tific management itself.

To recapitulate, any plant management contemplating the installa-
tion of a plan of production control should make the following pre-
liminary preparations:

1. Appoint a strong, diplomatic steering committee to investigate
the possibility, desirability, and methods of setting up the control.

2. Furnish experienced help to the committee, either from an out-
side consulting industrial engineer or from an experienced man from
the organization.

3. Give the committee the necessary responsibility and authority
to put its plan into operation.

The committee’s work will fall into four broad chronological divi-
sions. Several subcommittees can aid in this work, and many indi-
viduals, some of them specially placed for the job, can help to collect
the information and to make reports to the central committee.

Outline of Installation Activities. The following outline shows the
factors to be considered in each of the four steps generally required
for the successful installation of a comprehensive system of production
control.

The first step involves the collection and analysis of a series of
production facts and relationships. Some plants will have gathered
and organized many of these through an established industrial en-
gineering department. It may be necessary to make a survey to ascer-
tain whether all the facts and relationships are recent or adequate
enough to be of full value. Step one outlines the type of information
and preliminary work which is necessary for good production control.

The second step is concerned with the rearranging, organizing, and
systematizing of the facts and relationships in step one to provide
practical control of shop production.

The third step involves the installation of an organized system for
controlling production.

The fourth step is largely one of refinement in which difficulties are
studied and changes are made for smoother operation.
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SUGGESTED OUTLINE OF ACTIVITIES TO INSTALL A SYSTEM
OF PRODUCTION CONTROL

FirsT StEP
Preliminary Analysis, Standardization, and Preparation

1. Develop an organization of fact finders and analysts.

1.1 Select the personnel for ability to analyze complicated personnel and
mechanical relationships without antagonizing the people involved.
1.11 Train the members of the organization to be alert in the collec-

tion of facts and to present conclusions which can stand the
serutiny of top exccutives.
2. Analyze the product.

2.1 Analyze the product design or specifications.

2.11 Outline the necessary coordination and cooperation between
the production control department and the engincers who de-
sign the parts or specify the ingredients for each product.
2.111 Analyzc the possible changes and adjustments necessary

in design engineering.

2.12 Insist that cach part, ingredient, raw material, and final prod-
uct has a unique number. Any subassembly or intermediate
product which is costed or stored regularly for a period of time
must also have a unique number.

2.13 Insist that a complete list of parts or ingredients identified by
numbers are available to show how subassemblies or inter-
mediates are formed and then turned into final products.

2.14 Develop a “request for change” procedure if necessary, which
will formally present to the design engineers the various changes
desirable for aiding production.

2.2 Analyze the materials for production.

221 Sclect the proper form or shape of the specified material at
the lowest total cost.

2.22  Study the possible substitutes for speeified materials, but secure
the design enginecer’s approval before using these materials if
the material specifications are changed.

2.23 Classify the materials for record keeping.

2.3 Analyze the adequacy of the ordering, receiving, inspection, and stor-
ing of all materials for production. Analyze the methods of issuing
and delivering all productive materials to their first operation.

2.4 Analyze the product for low production cost.

241 Study the effect of using standard units in various models.

242 Study the cffect of using standard methods for similar parts.

2.5 Analyze the product.

2.51 Critically examine the design or specification of the product for
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desirable changes to reduce cost or improve performance.

Study alternate design, materials, and methods of production.

252 Decide on standards.

2521 Develop standards for handling materials, operations,
parts, machine tools, inspection, and labor elements for
all current jobs in the plant.

2.53 Write an operation sheet for each part.

2.531 Many of the analyses and standards adopted above are
crystallized in the operation sheet which becomes the
authority for production and, in some cases, for the
compilation of costs.

2.532 Each operation is placed in sequence and described as
briefly as possible.

2533 If any operation is involved or difficult, a detailed in-
struction sheet may be desirable.

Study the small tools and other devices which aid production, to

determine if they have reduced the cost as much as possible.

2.61 Determine their adequacy for producing at lowest cost.

262 Determine the adequacy of the methods for storing and issu-
ing tools; also for delivering tools to the job.

Study the methods of estimating production and costs.

271 Analyze the present methods of estimating the amount of
material, labor, and overhead. Study the methods of esti-
mating production per hour and prime cost to arrive at an
estimated total cost of the product.

Analyze current inspection procedures.

281 Is inspection inadequate or excessive?

2.82 Are final inspection records coordinated with inventory control?

. Analyze plant capacity.

Have “as is” production layouts made to study material flow.
Study the ability of the internal transportation system to transport
materials at low cost without damage to the product.

Study the available machine tools for their economic relationships to
production and their possible replacement.

3.31 Examine machine tools for adequacy.

3.32 Examine machine tools for possible obsolescence.

Make calculations to determine economic feasibility when any changes
in plant capacity are contemplated.

Identify all departments, process centers, tool cribs, stockrooms, ma-
chines and work places with a unique symbol.

Prepare a card file for a complete record of capacity, condition, and
productive constants for each machine.

Rearrange machine layout for better material flow or for changes
necessary to accommodate the new plan.
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3.71 Study the location of stockrooms, tool cribs, dispatch stations,
and work stations for possible rearrangement.
3.711 Place raw stockrooms ncar first operations if possible.
3.712 DPlace dispatch stations adjacent to tool cribs if possible.
3.713 If departments are isolated from each other, have bays
set aside for incoming and outgoing material.
3.714 Place identification symbols,

4. Cooperate with cost accounting.
4.1 Analyze present methods of collecting labor and material costs data

for the cost accounting group.

4.2 Thoroughly discuss and coordinate with cost accounting desirable

changes for improving the accuracy or speed of obtaining cost data.

5. During this stage the analysts must work closely with the design engineers,
cost accountants, purchasing agents, storekeepers, inspectors, superin-
tendents, foremen, and key workers to get suggestions for improvements
and to explain what is contemplated.  Finish step one by analyzing the
current system used for controlling production.

5

1
5.

2

Determine the adequacy of each contributing function.

Study the adequaey of the coordination between related or dependent
functions.

Make a process chart to show how the present forms are used to
control production.

Study the old system to discover which parts of it will be retained
or discarded.

SECOND STEP

Organization of the Relationships between the Various Functions Necessary

to Control Production

1. Coordinate the sales forecast or program with the production facilities.

1.
1.

1

2

Effect of possible employment stabilization programs.
Effect of sales forecasting on planning for production.

2. Organize the planning group to:

9

9

1

3

Translate the sales foreeast into requirements for raw materials to

make the necessary intermediates, subassemblies, and final produets.

2.11 Release the purchase requisitions for all materials to be pur-
chased.

Determine the rate of production for the various materials and parts

neeessary to satisfy the sales forecast.

221 Set dates for the completion of major parts of the production
program.

Determine if present production capacity is adequate or whether

subcontracting is necessary.

3. Organize a system for inventory control.
3.1 Plan inventories for maximum turnover and minimum or no short-

ages.
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3.2 Develop a system for releasing purchasing and manufacturing orders
as they are needed to maintain inventories at the proper level.
Develop lot-size formulas and charts to help in determining the economicul

quantity to purchase or manufacture.

Organize a scheduling group to:

5.1 Schedule the major steps necessary for completing a large job such
as getting a new product ready for production or building a large
dam or structure.

5.2 Schedule the production cycle for all materials or units for which
the shipping dates have been determined by the planning group.
5.21 This usually applies to special products made in small quan-

tities where the inventory control record is not used for de-
termining the ordering point.

5.3 Schedule the production cycle of all parts requested by the inventory
control system.

5.31 Schedules of this type are usually based on the date the ma-
terial or part must be in the stockroom or ready for the next
subassembly.

54 Devise methods of scheduling.

541 Determine if graphic aids to scheduling are desirable.

5.5 Release orders, after they are scheduled to the proper departments
for preparation of the system’s papers.

5.51 When the scheduled job to be done 13 seldom or never repeated
it is specifically routed through the shop by a routing group.

5.52 If a standard operation sheet has been prepared in advance,
number 5.51 is omitted.

. Accumulate machine loads for all scheduled orders.
. Develop standard forms and controls to coordinate the activities of all

groups participating in the production cycle.
7.1 Mount control boards where needed.
7.2 Show how orders and returns are routed to systematize the plan.
721 Make process charts with instructions to show where all forms
originate, where they go, who uses them, and how they are filed
or destroyed.
7.22 Show where all new forms fit into a revised system and how
old forms are superseded.
7.3 Select a method for reproducing the forms required for each manu-
facturing order.
7.31 Prepare a written procedure for preparing, reproducing, and
distributing all manufacturing order forms to the proper places.

. Set up the dispatching groups.

8.1 Dispatching procedures.

8.2 Dispatch stations.

8.3 Accumulation points for subassemblies and final assemblies.
84 [Internal transportation and its control.
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THIRD STEP
Actual Installation in the Plant

Two common methods used.
1.1 Change over entire plant on a certain date.
1.11 May be dangerous particularly if plant is operating near
capacity.
1.12  Is good method if confusion can be avoided.
1.2 Change over one department or a single group of small related de-
partments on a certain date.
1.21 DMay involve less confusion.

. Regardless of size of unit changed over at any given time it is necessary:

21 To change over all records of inventories, production, tools, and
machines to the new forms.

2.2 To start all controls working, including:
2.21 Dispateh boards, tool-crib control, and internal transportation.

23 To have short meetings scheduled to explain specific points for super-
intendents, foremen, and key workmen.

2.4 To issue procedure instructions for the operation of the plan,

25 To have a number of trained helpers available in department to
answer questions, to educate foremen and workmen, and to aid in
the operation of the new plan.

FourtH STEP

Modification Necessary to Make Plan Work More Smoothly

. Watch for points where the system seems to be in trouble.

1.1 Analyze the cause of the trouble.
1.11 Refine and revise methods, schedules, duties, and functions
wherever there is excess red tape or where the intended control
does not work smoothly and more or less automatically.

. Continue to review methods by motion and time study techniques.

2.1 This is a continuous process and in the best plants methods are al-
ways subject to constant revision.

2.2 Control plan should be flexible enough for easy adjustment to new
methods and procedures.

. Watch the forms, scheduled returns, and reports to determine if each form

furnishes needed information and actually is used.
3.1 Forms can be revised and sometimes eliminated by this procedure.

. Gather records of performance.

4.1 Changes in direct labor hours per unit of product.
42 Percentages of promises kept by periods.
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4.3 DPercentages of plant capacity used per unit of product before and
after production control.
431 Percentage of plant capacity available for new business can be
reported each month,
44 Effect of new inventory control system on material shortages or sur-
pluses and capital investment.

The following brief discussions of the main topies in this outline
will serve to amplify and to clarify some of the outline material. For
many topics a thorough analysis and discussion of the procedures in
the outline are available in succeeding chapters.

ANALYTICAL ORGANIZATION

In the beginning of this chapter we have assumed that cither no
organization exists for formal control of production or the existing
organization may be suspected of inadequacy. It is also wise to
examine any adequate system occasionally to remove or revise any
portion of the system which has ceased to operate satisfactorily.

An organized system such as production control, which is and should
be critical at all times of the entire manufacturing cyele, should also
be eritical of its own procedures. If the control of production has
been nonexistent or inadequate it is necessary to concentrate on all
sections of the first step. After a survey has been made, competent
analysts can recommend changes or additional functions to be de-
veloped.

PRODUCT

Since the product to be manufactured is the starting point for pro-
duction control thinking, it should be considered first. If we assume
that the product usually is presented for manufacturce after it has
been designed or its ingredients have been specified, then market
analysis and sales forecasting follow later.

Research, Development, Design, and Unique Identification. If the
product is of such a nature that it must be designed or a formula
developed before the product can be manufactured, complete drawings
or specifications are usually prepared for the benefit of the production
departments. These drawings or theoretical formulas (sometimes in
code) must describe the product completely and must carry unique
identification for every part, material, subassembly, or intermediate
product and all final assemblies or finished products. Considerable
confusion will result if this unique identification is neglected or care-
lessly done.
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Coordination of Product Design and Production Control. Though the
functions of product design and the production control departments
are completely separate, their spheres overlap at many points. The
two departments must have a high degree of mutual respeet and a
willingness to cooperate. The methods and inspection departments,
and sometimes other groups such as inventory control, can find in-
stances where changes in design or specification can materially reduce
cost without jeopardizing quality. The product design and produc-
tion control departments should be so organized that the greatest
amount of cooperation and constructive criticism can be obtained with
the least friction. They should be encouraged to remain friendly
erities of cach other.

Although the funetions of the product design and production control
departments are closely correlated, the departments are seldom di-
rectly under the same exccutives. Design has often been improved
by better methods, better machining, or the better use of materials,
and control has been improved by innovations originating in the de-
sign department. Even if the product is a stable one requiring no
design or specification changes, the nced for production control still
remains. There are hundreds of industries, such as candy, baking,
svap, packing, and ecanning, which have few if any design functions
but which have claborate production control departments. Morcover,
production control will be necessary even if, at some future time, all
pussible improvements in methods, machinery, design, and organiza-
tion have been made.

Materials. Materials used in the produet must be included within
the scope of production control because they affeet the operation of
such a department in many ways. The kind and quality of materials
are specified by the engineering design or specification departments,
but the problems of having the materials available when needed and
utilizing them properly to prevent waste require detailed attention
of production control. Before manufacturing orders enter the shop,
they must be coordinated with inventory to prevent excessive process
inventories on one hand or lack of parts on the other.

The purchasing, receiving, and storing of raw, semifinished, and
finished goods must be done under controlled conditions to prevent
severe loss. Generally the materials represent rather a high percent-
age of the total valuc of a product. Material wasted through im-
proper purchasing, storing, issuing, or processing is money thrown
away. Plant personnel should be made to realize that material is
crystallized capital.
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The methods used to insure the delivery of materials to each pro-
duction center will vary with the product and type of plant. However,
within the limitations imposed by the management, industrial en-
gineers should gather all the facts concerning alternate methods of
handling materials and transmit them to the production control group
for guidance in scheduling and dispatching.

PRODUCT ANALYSIS

Production control should be established on the foundation of effi-
cient production methods. Although it is necessary to control the
flow of materials through a plant whether or not good methods exist,
it is far better to have engincers analyze the product for low produc-
tion cost before or concurrently with the installation of a system of
production control.

Product analysis has become almost a necessity in highly competi-
tive and mass-production industries. When the design or specifica-
tions for a product are released to industrial engineering for process-
ing, alternate methods of production are analyzed and cost estimates
are made. These analyses often indicate desirable design changes to
reduce costs. Such studies should be made if costs are a factor in
the sale of the product.

Cooperation between the methods and standards group and produc-
tion control can often emphasize the reduction in cost which can be
realized by using standard parts whenever possible.  Slight differences
in design of several parts are often not warranted when a critical
analysis is made. Larger manufacturing lots, fewer special tools, and
standard methods in the shop are natural results of such analysis.

Methods and Work Simplification. Time standards arc essential in
modern planning and dispatching. Much importance has been at-
tached in the past to standard time allowances for every job in the
plant. However, if time allowances become a fetish without careful
recording of the method used during the timing, the whole program
does not mean very much. Too often elements of an operation are
carefully timed and resulting standards are set up, when a good
motion study may eliminate parts of or even the entire operation
itself. In job shops, estimates often must be used to set standards
but even in moderate-quantity production it pays to study operations
carefully before setting any time standards.

A thorough knowledge of methods used by others, whenever this is
possible, and a compelling curiosity to improve established procedures
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provide a prolific source of savings. Motion and time studies should
be used extensively to promote the search for better methods and to
check the suggestions coming from others in the plant.

The importance of a modern motion and time study group cannot
be overemphasized in a good production control plan. There are
several good books! available which adequately discuss the funda-
mentals of motion and time study. Consequently, no detailed dis-
cussion of these important subjects will be attempted in this book.

Study Small Tools. Small tools are the important auxiliaries which
make it possible for machines and equipment to produce. The condi-
tion and adequacy of these devices often change suddenly in a high-
pressure plant.

Small tools should not be taken for granted when a production
control scheme is to be introduced. They arc important for success-
ful operation of planned schedules.  Morceover, the methods of order-
ing, storing, issuing, and inspecting small tools should be thoroughly
examined.

Operation Sheets. Many of the analyses, standards, and decisions
from the production analysis are crystallized in the operation sheet.
It becomes the authority for the production of the part and the basis
for compiling costs of production. When a product is ready to be
manufactured and the blueprints or specifications are ready for the
shop, the industrial enginecring department generally fills out the
necessary operation and instruction sheets for each product. These
sheets are used to deseribe the standard methods, the sequence of
operations, and standard time each operation requires for all produc-
tive operations from the time the material is purchased until it leaves
the plant as the finished product. Manufacturing cost depends largely
on the proper sclection of methods and standards which are written
into the operation or instruction sheets. Consequently, only capable
people with analytical minds should be responsible for developing
these sheets.

In modern shops, operation and instruction sheets are laid down as
the procedure to follow. No one is allowed to deviate from them un-
less his objections are valid enough to have the sheet changed. It
would be foolish for any executive to claim that operation sheets are
infallible, but he should insist that any contemplated change be fully
considered before the operation or instruction sheets are altered. As
a matter of fact, design or specification changes, new ideas, and old
mistakes make it necessary to rewrite operation or instruction sheets

1Sec bibliography at end of this chapter.
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from time to time to keep them current and in line with present prac-
tice.

Good up-to-date operation sheets are the very foundation of control
in a modern plant manufacturing a continuing product. Before a
product can be routed through any department the various operations
together with their sequence must be determined. The standard times
for performing an operation, either actually timed or estimated, arc
necessary to set up a list of due dates from which the schedule can
be made. After scheduled times of operations are determined, the
planning procedure can be executed by the dispatchers who work in
conjunction with the foreman to produce the goods when wanted.

Estimating Production and Costs. After the operation or routing
sheets have been written, an estimator is often called in to estimate
the rate of production for each opcration and the material for each
part. These estimates are used sometimes to determine if a new
product will be commercially feasible in the proposed market. Some-
times the estimated production per hour is used temporarily for sched-
uling and other purposes until a more accurate time study can be
made.

Inspection. In most plants inspection is necessary to check the
quality with a predetermined standard. Inspection procedures have
gone through an intensive development which has tended to reduce
the cost of inspection and to simplify the control of quality.

Industrial engineering records the method of inspection on the opera-
tion sheets and designates inspection operations in their proper se-
quence. The inspection department usually develops inspection
methods and teaches the inspectors how to use them. The inspection
operations can be scheduled and handled like any other operation by
the dispatcher in the department.

The final inspection report for any manufacturing order should state
how many good picces were made and how many were scrapped.
These inspection records should be carefully coordinated with the
inventory records by a simple procedure.

PLANT CAPACITY

After the product has been thoroughly analyzed and the facts are
known, the capacity of the plant should be considered in the light
of these facts.

Floor Layouts. The layout of a plant is always easier to study if
it is done from a drawing which shows all machines, along with
columns, pipes, and other obstructions drawn to scale. The scale often
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used is ¥4 inch per foot. This scale is not too large and yet is detailed
enough to give a good picture of a department. Such a layout should
show all machines and benches as production centers along with the
necessary aisles, tool cribs, dispatch stations, stockrooms, and other
auxiliary aids in the department.

An “as is” drawing should be made first, and, from this, possible
improvements should be studied and incorporated in the new layout
if economically feasible.

Study of Internal Transportation System. The internal transporta-
tion system including conveyers, elevators, and hand- and power-
operated trucks should be carefully analyzed. Part of the anticipated
success of a good production control scheme comes from an adequate
internal transportation system which can move material and goods
when needed to fit the scheduled dates.

Identification of All Production Facilities. The identification of all
machines and production centers, departments, tool eribs, stockrooms,
dispatch stations, and any other divisions of the production end of
the business should be uniquely designated and labeled with an ap-
propriate symbol.

In addition a complete record should be made of each machine.
The working capacity of all production centers must be known before
proper schedules ean be established.  This information is generally
placed on “produetion center data cards” and “operation sheets.” The
data on physical characteristies for cach machine may be placed on
two cards which are filed according to machine type and machine
number.

Machine Replacement. The productive capacity of any new type of
machine on the market but not yet in the plant should be known and
periodically checked with the performance of actual equipment in
the plant. Whenever savings in the cost of production justify the
installation of new equipment, the inereased productive capacity often
makes changes necessary in production control.

It is also important at all times to maintain equipment in its orig-
inal condition as ncarly as possible.

TIME STUDIES

The information usually transeribed in time studies can be used
for a number of things. Time studies should be used more and more
as a fact-finding and measuring tool. Companies using them prima-
rily for rate setting are neglecting one of the best sources of shop in-
formation. The data on the productivity of machines and equipment
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and on the adequacy of small tools, jigs, fixtures, and internal trans-
portation are usually to be found in the time studies in the files. If
additional information on productive processes is necessary the time
study group can usually supply effective and authoritative data.

There are several good books on time study listed in the bibliog-
raphy at the end of this chapter. The earnest student should acquire
one or more of them for thorough study.

COOPERATION WITH COST ACCOUNTING

The methods used to collect and analyze costs should be studied in
conjunction with cost accounting to determine if they are entirely
satisfactory.

The cost accounting department is almost always under the ac-
counting division of a business, but the facts concerning labor and
material costs are generally available from the various forms used
in controlling production.

Any production control scheme should be analyzed for its ability to
furnish information and data for the cost accounting and payroll
departments. After consultation and cooperation with these depart-
ments, the production control forms can be so designed that the de-

sired information will flow more or less automatically to the proper
desks.

REARRANGEMENT OF PRODUCTION FACTS TO SOLVE CONTROL PROBLEMS

The second step in preparation for the installation or improvement
of a system of production control is to arrange the facts and various
bits of information in logical patterns for a solution of the problems.

Coordination of Sales and Production. The coordination of sales and
manufacturing is generally considered necessary for good plant pro-
duction control, and more and more concerns are becoming interested
in this problem. The sales policies of a concern definitely affect the
production cycle and the mcthod of controlling the flow of materials
through the factory. An exchange of information between sales and
production far enough in advance to be mutually useful will allow
both departments to make their commitments with more certainty.
Moreover, improvements in factory operations and reduction in costs
can often be obtained by such close relationships between sales and
production control.

Organization of a Planning Group. The planning group should co-
ordinate the sales forecast and the requirements for each component
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part or material which enters in the product to be sold. The system
for planning for all parts and materials along with the machine load
should be organized so that the requirements for the current week,
month, quarter, or year can be found by consulting the records. The
planning file should be organized so that purchase requisitions, manu-
facturing orders, or subcontracting orders can be released with suffi-
cient lead time to have any material delivered to the shop for fabrica-
tion when it is needed.

Routing Group. Job shops working on orders that are seldom or
never repeated do not have standard operation sheets. It is necessary
to route each job on its own merits after it is planned for the shop’s
schedule. In a well-organized shop, this routing is done before the
various operations are scheduled.

Routing and the writing of operation sheets are the same thing.
However, the operation sheet for a part becomes the standard proce-
dure for making that part each time it is made in the plant. When a
shop runs a job that is not to be repeated, the routing sheet serves
only once, and generally it is destroyed when the job is finished.
Naturally, then, the standard operation sheet can be more carefully
prepared than the routing sheet for a job that is not to be repeated,
because more time is usually available to do a good job on a standard
product.

Inventory Control. A perpetual inventory is often the basis for
planning and scheduling the purchase and manufacturing orders for
products which are produced regularly. This inventory is posted daily
to record everything that happens to the supply of any item in the
file. Stock issues and receipts, purchase or manufacturing orders, and
inventory adjustments are posted as they happen to give a true pic-
ture of the current status of cach part. This record is sometimes
maintained by the accounting department and posted from data fur-
nished by production control. The production control department
uses the file or a machine-produced duplicate of it as a guide for re-
leasing orders; the accounting department may also use the file for
its inventory accounting.

Economic Lot Sizes. Calculations to determine the quantity to be
purchased or manufactured are used to maintain economic inventories
and still provide sufficient materials at all times for production. The
use of formulas or charts for economic lot sizes are valuable if they
are used as an aid for good judgment. They are not to be used
blindly, because they are based on certain standard conditions which
should be known and occasionally checked by the user of such for-
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mulas. When the conditions vary from standard, the economic lot
size should be carefully examined for its reliability.

Scheduling and Releasing Orders. The schedule for producing ac-
cording to plan is maintained and controlled by the scheduling group.
This group releases manufacturing and subcontracting orders with
scheduled dates to show when the finished material must be delivered
to the stockroom.

Machine Loads. After a part or material has been scheduled, the
additional load on each machine should be shown on a machine load
chart to show how much of the total plant capacity has been ab-
sorbed. When certain machine types approach their maximum load,
additional shifts must be added, more machines must be purchased,
or the excess load should be subtracted.

Standard Forms and Methods of Reproduction. As procedures are
developed, forms should be prepared to answer the questions necessary
to carry out the procedures and to provide the proper records.  Proc-
ess charts are a great aid in following procedures. They can be made
to show all the steps in sequence regardless of who is involved. More-
over, they show what happens to each form. An additional process
chart for each individual involved to show his part in the various
steps will make it easier for the individual to learn his part quickly.

The methods of reproducing the various forms should be carcfully
studied to select the one that will give the lowest cost per manufac-
turing order released consistent with good legibility.

Dispatching and Internal Transportation. An orderly procedure is
followed by the dispatehers who follow the detailed schedule in the
shop and check on its current status. If any serious deficiency de-
velops the dispatcher notifies the scheduling group for action. The
dispatchers operate the control system which consists of orders and
returns to all interested groups participating in the manufacturing
cycle from raw stock to cost accounting. In addition, the dispatchers
often control the internal transportation system for moving the ma-
terials from one operation to another.

INSTALLING THE PLAN

The installation of the developed production control system is the
culmination of all the preliminary work outlined in the first two steps.
It is quite common for the shop personnel, including the executives,
to be rather skeptical and therefore critical of proposed changes in
shop procedures. Any good production control system usually shifts
executive responsibilities, and thus certain prerogatives may be
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changed. If the original steering committee (page 31) has stated its
motives and cducated the executives as the system developed, the
opposition tends to fade away as each step is explained. Process
charts should be made to show where cach form originates, where it
goes, and how it is used to gather and give nccessary information. In
addition, it is wise to outline the chronological steps each group, such
as foremen, dispatchers, and inventory control, is expected to follow
for each manufacturing order.

If these preliminary educational measures are carefully worked
out, many questions about the system can be answered easily and
simply. A group of trained people, available in all departments for
several days during the installation of the system, can answer all
questions as they arvise.  Such a program of education and prepara-
tion for the installation of a comprehensive production control system
will eliminate confusion and make it much easier for everyone to co-
operate.  If this third step is bungled, it will be much more difficult
to get the needed cooperation for a new approach.

POSSIBLE MODIFICATION OF THE PLAN

The most diplomatic members of the production control group who
thoroughly know the system should be chosen to aet as instructors
and trouble shooters during the initial test period. When troubles
arise, the difficulty should be analyzed and suggested changes pro-
posed. Tt is not wise to wait too long before a desirable change is
made. In fact, it sometimes gives the skeptic an interest in the plan
if he is casually steered to recommend a change.

Excessive red tape should be torn away as quickly as possible.  All
records and information must serve a necessary purpose. Occasion-
ally the system should be reviewed to keep it in step with major
changes in plant policies. Necessarily it must be flexible enough to
include the constant revisions in methods and procedures which are
common to all progressive plants.

Records of Performance. Any department, and especially a new one,
must show justification for its existence after a certain trial period.
“Before” and “after” rccords of performance which can show im-
provements are of real service both to the company and to the de-
partment. The remainder of this book will discuss in detail the various
topics and subtopics outlined in this chapter. As far as possible these
topies will be discussed in sequence, but occasionally it will be desir-
able to combine the discussion of several topies or to correlate the
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several aspects of a topic in one place rather than to follow the exact
pattern and sequence of the outline.

QUESTIONS FOR DISCUSSION

1. Do any plants operate without some kind of production control?

2. What type of products require routing sheets written as required?

3. Discuss the effect of manufacturing methods on the various functions
of production control.

4. At what points is strict discipline necessary to make production con-
trol work?

5. Why should the committee plan of installing production give the best
results?

6. What are the preliminary functions of a committee appointed to in-
vestigate the need for a new production control system?

7. Name the major departments which can contribute information or
services for good production control.

8. Discuss the necessary arrangements and precautions during the actual
installation of a new system of production control in the shop.

9. Name the functions of production control which you consider most
important in a manufacturing plant with which you are familiar.
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CHAPTER 1V
ORGANIZATION FOR PRODUCTION CONTROL

The organization for production control has a variety of forms in
different industries and plants within industries. Regardless of
whether the functions of production control are gathered together
under one organization or not, someone, somewhere, must perform
most of these functions. Under the old “foreman, order chaser, me-
chanic” system of manufacturing, the foreman was held responsible
for all details necessary to get the product delivered on time. Al-
though the foreman was responsible he failed at some points because
he lacked the broad information necessary to do a good job. In addi-
tion, the foreman had <o much work to supervise that he allowed the
mechanic to do too much of the detail for him. The level of ability
at some points was insufficient to handle the technical problems in-
volved in the production of modern goods.

Since the funetions of production control are essential, modern man-
agement feels that it should be organized and performed by personnel
with the requisite training, experience, and discipline. It is as waste-
ful to have an expensive mechanic haul his own material or get his
own tools as it is to have him try to devise methods for production
after a job is assigned or to set up schedules for its completion. Un-
organized control of production involves several hidden costs, includ-
ing too much or too little inventory, loss of plant capacity owing to
preventable lost machine time, mechanies’ wages spent for unprodue-
tive waiting, and amateurish planning done by the mechanics or the
foreman. Costs are usually less when mechanies and production work-
ers are used to keep process centers busy at all times for production.
The overhead costs per unit are thus reduced.

How the organization should be set up, to whom reports should be
made, how extensive the system should be, and how thoroughly it
should attempt to predict, establish, and control production are mat-
ters to be decided for cach plant.

The detailed organization for any given plant must be arranged
according to the importance of each control function. In addition
the personnel available to be assigned to production control often

makes it necessary to rearrange functions in what may be considered
49
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unorthodox groupings. In this way, particularly in smaller plants,
an individual carries a combination of functions which he can do
best. Moreover, in quite small plants one properly trained individual
may be able to take responsibility for all phases of production control.

Department Name. Production control is known by scveral other
names such as engineer of manufacture, planning department, planning
and control, or production department, depending upon local condi-
tions and nomenclature. The head of the department is usually re-
sponsible to the plant industrial engineer or the production manager
as a staff man and works with foremen or superintendents only in-
directly through daily manufacturing orders, individual conferences,
and committees.

Qualifications and General Duties of the Department Head. The head
of such a department should be an industrial or mechanical engineer
with professional training in factory work and business. It is impor-
tant to have the head of the production control department in a re-
sponsible position. He should be able to supervise the setting up and
the enforeing of such things as manufacturing and purchasing sched-
ules, inventory records, economic lot sizes, and the routing of parts in
job shops. He should be in a position to insist that shop practice
agrees with the written operation sheets.

The general supervisory duties listed below become the responsi-
bilities of the department head.

1. Determine the material requirements (raw and finished) for the
estimated production of each salable produet. This is done by using
the bill of material or formula to compile the amount and form of
materials needed per unit of product. Once this information is com-
piled for a product, only the design or formula changes need be con-
sidered to keep the requirements up to date.

The extent of the production program may be set by sales forecasts,
production programs, customers’ orders, or plant capacity. The ma-
terial requirements per unit is then multiplied by the number of units
to be manufactured in the pcriod of, say, one, three, six, or twelve
months.

2. Post the perpetual inventory control. The inventory quantitics
may be based on the order point and lot size, the balance available,
or the requirements. Data to be posted come from copies of material
requisitions when stock is released, purchase requisitions when released
to the purchasing department, purchase orders when released to ven-
dors, inspection reports when materials arrive in plant, manufacturing
orders when released to dispatcher, inspection reports showing the
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number of good pieces made, and scrap reports as furnished by in-
spection.

3. Plan the release of purchase requisitions, manufacturing orders,
and rework orders to allow sufficient time (except in emergencics)
before the material is actually needed for production. By using the
information in the inventory control, the planner determines the
amount needed for cach order and the date the material is wanted
for production. In addition he usually is responsible for the follow-
up to sce that the delivery dates are met. If the orders are for a
job sceldom or never to be repeated, the planner tries to meet the de-
livery date set by the customer as relayed by the sales department.

4. Route the sequence of operations, specify tools and machines,
and cstimate the time required for each operation for all parts or
materials released by the planner on single job orders. This routing
function is not necessary for manufacturing orders when the part or
material is included in the regular manufacturing program since this
information appears on standard operation sheets.

5. Schedule the dates for each manufacturing order. It sometimes
is desirable to schedule the starting date for cach operation to provide
a good check on the progress toward the desired delivery date.

The scheduler posts machine load charts from data on the routing
or operation sheets. Reports to the management concerning lack of
plant capacity for projected manufacturing programs or excess plant
capacity for new business may be derived from machine load charts.
He also maintains progress data on jobs scheduled, either by tabular
or graphic means.

6. Prepare all paper forms for giving and colleeting information con-
cerning each manufacturing order.  Distribute these forms along with
neeessary blueprints to the proper dispatehers and to other depart-
ments such as cost accounting.

7. Dispateh the various manufacturing order forms such as requisi-
tions, move orders, time cards, tool notices, and inspection reports to
the proper persons. Dispatchers often act as clerks for the payroll
and cost accounting groups to compile the time spent on a job by
cach man and the total time for each man per week.

In conjunction with the foreman the dispatcher releases and closes
jobs for each productive worker under his jurisdiction. The dispatcher
reports idle machines, material shortages, tool shortages, lost time, and
completed jobs to the eentral scheduling groups or to the foreman.

8. Move men are often under the dispatchers to expedite the neces-
sary movement of material between operations. The move men get
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their orders from the dispatch station and report back to the dis-
patcher when a move is completed.

Unless the production control department head has complete author-
ity to supervise these shop activities, any production control system
will break down and may as well be abandoned quickly before more
money is wasted on it.

Figure 1 shows the usual relationships between production control
and other departments and divisions. This chart does not show lines
of authority but flow of information between the various groups. In
some cases arrows indicating flow of information point both ways.
This means that orders and returns are going both to and from cer-
tain groups. This chart is genecral in character and should be used
only as a suggestion for approaching each plant’s production control
problem. The numbers on the connecting lines in Figure 1 are ex-
plained below.

1. In most plants, the productive activitics are based ecither on
predicted or actual sales. If the product is made to order, the produe-
tion control techniques differ slightly from those used for a regular
product. Predicted sales or sales forccasting provides information
for a tentative production program which is studied, formulated, and
released, generally by the general manager after conferences with pro-
duction, sales, and sometimes the engineering managers.

2. If the production program involves a new product, it is necessary
to get complete parts and materials lists, along with the necessary
blueprints. Old products are assumed to be the same unless new
specifications are released or notification of their pending release is
sent to industrial engineering well in advance of scheduled production
dates.

3. The new production program is broken down by production con-
trol to calculate the amount of raw and purchased finished materials
needed for the entire program. Often this is planned for delivery by
periods to avoid excess inventorics. Requirements for finished parts,
subassemblies, and final assemblies are planned and scheduled for
action in the plant by periods.

4. Inventory control records are set up or maintained for each ma-
terial, part, subassembly, and final assembly. If completed assemblies
are shipped as fast as they are made, there is generally no reason for
production control to post a finished goods inventory control on them.
The inventory is posted from any data that affect the control, such as
purchase requisitions, purchase orders, receiving reports, manufactur-
ing orders, inspection or work completed reports, stores requisitions,
allocations, and requirements.
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5. Purchasing requisitions are released on information disclosed by
the inventory control for all productive materials. Purchasing in-

forms inventory control concerning requested quantities and delivery
dates.
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Figure 1. Lines and arrows show the flow of information between various groups
which can contribute to good production control.

6. Operation sheets for all regular products are carefully prepared
to show all the information neceded by the plant to make the part or
material. These sheets are often used as a part of the manufacturing
order paper and are scheduled with it to be delivered in advance of
the starting date to the dispatchers.

7. The manufacturing orders are released by the dispatchers to
workmen and their supervisors for the operations as scheduled.
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8. The raw materials, usually for the first operation, and the tools
for the various operations as called for on the aperation sheet are
called for at the stockroom and tool crib and delivered by the move
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9. Inspection, if any, is often on the schedule and administrated
by the dispatcher like any other operation.

10. Inspection reports, if any, are often used to post the inventory
control for the number of good picces made and to record the number
of picces delivered to the stockroom.

11. Serap reports from inspection are sent to the production methods
group for analysis. The average amount of scrap pieces is the basis
for the material overage percentage. (See the operation sheet of Figure
8, page 218.) This is used to show how much additional material
should be released to get the required number of good pieces.

12. The job card for cach operation with the clapsed time on it may
be sent to cost accounting from the dispatehers by messenger. In
some plants the payroll department is interested in the job card also.

13. The material requisition for ecach manufacturing order may be
sent to cost accounting from the dispatchers by messenger. If stand-
ard costs are used this probably is not necessary.

14. Production control’s record of shop activities is posted from the
dispatcher’s record of performance on each operation. Thus complete
information on shop progress can be obtained from a central source
without a search through the shop by expediters.

Figure 2 is another general chart showing the interrelations of pro-
duction control with other departments. The various lines show the
flow of information between the various groups; in some cases, the
information is exchanged in both directions.

It is often difficult to convinee the line executives that production
control has been designed to help them. When the foreman discovers
that he can no longer hire and fire his men under the slightest provoca-
tion, that he must work elosely to a prearranged sehedule, that machine
loads are determined in advance so that parts must follow a certain
sequence, that tools are selected and, in many places, are ready when
the job is started, that other people besides himself are going to check
the work for quality, and that the speed of production is determined
by a group of time study men, he feels he has lost all his prerogatives
and is headed for oblivion. Tt is not difficult to understand why the
foreman feels this way beeause under the old system he spent most
of his time jumping from one thing to another in an effort to keep up
with the clerical and expediting duties imposed upon him. Today he
does not have less to say about how a job*should be run, but the
policy is determined in advance by discussion with all interested
parties. Once established, this policy is operated by clerical help
who take over most of the detail from the foreman. The modern
foreman is then free to do a better administrative job than ever before.
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Figure 3 is a new type of organization chart * which shows the rela-
tive position of production control and industrial engineering in the
plant. The director of industrial engincering is on a par with plant
superintendents; they appear in the same sector in the chart. Pro-
duction control for each plant is under the plant superintendent.

Figure 4 is an enlargement of the industrial enginecring sectors
shown in Figure 3. The blank sectors in Figure 3 have been left for
future expansion,

Figure 5 is an organization chart of the production control depart-
ment in a metal-working plant employing about 300 mechanies.

QUESTIONS FOR DISCUSSION

1. Discuss the qualifications and general duties of & production control
supervisor.

2. Should the same general organization for production control be adopted
by plants making similar products?

3. Should a foreman have the privilege of disregarding the amount and
scheduled date as specified on a manufacturing order?

4. Dizcuss the flow of information between the various groups cooperating
in a production control system.

5. Can the shop with adequate production control get along with fore-
men of less ability?

6. Should the functions of production control ever be decentrulized?
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Chapters V through XIII discuss preliminary analysts,
standardization, and preparation considered desirable for
good production control.

CHAPTER V
PRODUCT DESIGN OR SPECIFICATION

Research in Industry. Research, together with its ultimate applica-
tion to salable products, is one of the greatest contributors to the
advancement of our standard of living. If the products developed by
research can be made in large enough quantities and cheaply enough
to be widely used, another contribution has been made to a higher
standard of living. During the last two decades, industry has applied
more and more scientific knowledge to a wide variety of production
problems.  The number of persons engaged in industrial research has
increased more than six times since 1921,

Time Required for Inventions to Reach Full Importance. In a report
of the National Resources Committee concerning the soeial implica-
tions of new inventions already in use or just being developed, the
Committee stressed the possible effeets in the next ten to twenty-five
vears. It pointed out that many years usually elapse before a major
invention has any great effect on the national economy. TUsually the
great inventions become important only after ycars of contribution
from a large number of separate inventors. Methods of manufacture
which bring down the cost must be developed so that a widespread
market can materialize. The first automobile came in the 1890’s, but
the industry did not greatly affeet the nation until about twenty years
later. Television is not yet in widespread use although it was first
conceived in 1877. Transmission of pictures by wire required cighty-
cight years to become important. The airplane took seventy years
and talking pictures forty years before they became commercially
successful.

The point made here is that inventions playing an important part
in our national cconomy required a long time to make their far-
reaching changes felt in the lives of our people.  Consequently there is
plenty of time for our manufacturers, businessmen, social workers,
and politicians to make the necessary adjustments before the effects
are felt.
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Demand for Product. Too often signs of approaching change are
neglected or even ignored by those who are eventually affected most.
Modern industry cannot feel sccure unless it knows by investigation
and research where its product or services stand in the future demands
of the nation. Sometimes industries try to strengthen an outmoded
position by a negative type of advertising. When electric headlamps
were first accepted for automobiles, the acetylene industry advertised
widely the foolishness of such a move because it was unreliable and
therefore unsafe. The building industry has permitted the develop-
ment of high costs and has charged all the traffic will bear on every-
thing from materials to final fabrication. This industry is now fight-
ing the introduction of prefabricated houses by advertising the benefits
of the old methods. Often the money spent for such advertising
would yield far greater returns if spent to find out what the industry
can do to keep in step with any new factors which affect its business.
The acetylene gas industry wavered several times when its market
was threatened, first, by electric automobile lamps and, second, by
electric arc welding. Each time the industry has found new and ex-
panding uses for its product by rescarch methods. Eleetrie welding
requires a large number of plate sections cut by the oxyacctylene
torch. More gas is required to cut these shapes than formerly was
used to weld by gas. Research has paid in many ways for the Union
Carbide and Carbon Corporation, producers of the fundamental ma-
terial for making acetylene. Over half their record-breaking business
and over half their profits are from a wide range of new products
which did not exist twenty years ago.

Results from Introducing New Products and Materials. The new
products which have no relationship to any older product, except
probably to compete for a share of the consumer’s dollar, are not so
difficult to combat as the newly developed products which are substi-
tutes for known stable products. Electrie razors are competitors of
the blade-type razors; synthetically colored quartz granules used in
coating asphalt felt roofing material have driven the inferior natural
granules from the market; electric refrigerators and ice refrigerators
have been battling for several years, with the ice group apparently
losing the fight. The manufacturers of the older products may sud-
denly find their markets dwindling unless they are forearmed by a
carefully planned program of research and constant development.

Invention is the great disturber; investors and bankers may well
look into the future of applied science in fields of agriculture, mining,
transportation, communication, and many lines of manufacture to
keep in touch with developments. The National Resources Commit-
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tee reports show that other studies should be made of thirteen scem-
ingly important inventions to ease the nccessary adjustments caused
by their widespread use. They list: (1) the mechanical cotton picker,
(2) plastics, (3) the photoelectric cell, (4) air conditioning, (5) syn-
thetic textile fibers, (6) synthetic rubber, (7) television, (8) prefab-
ricated houses, (9) facsimile transmission, (10) gasoline from coal,
(11) new types of airplanes, (12) soil-less agriculture, and (13) auto-
mobile trailers, as the important developments to watch.

Such predictions are not always valid because, although ideas may
look important, they do not always devclop as planned. The auto-
mobile trailer, for example, did not develop so quickly as was ex-
pected. For a while, many people purchased trailers as a fad, but this
expansion was short-lived. There seems to be a tendeney at present
toward a sounder development in the use of trailers to relieve the
housing shortages due to the rapid expansion of industries in some
cities. In addition, more people are learning how to use the trailer
for housing after retirement and for recreational purposes. As an-
other example, the very nced for large amounts of cotton may dimin-
ish when and if synthetic fibers can replace it.  If this happens, the
mechanieal cotton picker will die with the cotton crop.

Value of Inventions. Long-range predictions of which inventions
will be important arc precarious. Some of the most promising fall
down during development; others may be outmoded before they are
fully developed. What happened to the process of making paper from
cornstalks? Where are the full-sized cars which were to run forty or
fifty miles on a gallon of gasoline? Why did automobile trailers fail
to remake America? All these proposed developments and many
others failed to come up to their press agent’s expectations be-
cause something unforescen happened. Cost of production may be a
hard problem; customer reaction may be unfavorable. Technical
difficultics may be on the verge of being solved, but any one thing may
hold up the entire development. For instance, Diesel engine develop-
ment was held up until dependable metals and atomizing nozzles
were available.

Rescarch prevents a company from becoming obsolete in its field,
and at the same time it stimulates business by making old processes,
old products, and old machinery obsolete. For instance, the present-
day methods of finishing flat surfaces by broaching or coining have
made some of the older methods obsolete for mass production. The
consumer benefits because broached surfaces are cheaper and better.
Even the manufacture of such a prosaic product as a surface-coated
abrasive has been improved by constant research, both fundamental



62 PRODUCT DESIGN OR SPECIFICATION

and applied. The cutting properties of the abrasive grains were im-
proved considerably by use of an electrostatic charge to deposit the
mineral on the glue-coated backing. The grains are impinged against
the backing at high velocities and are oriented by an electric charge
so that the long axis of the grain is perpendicular to the paper or
cloth. Considerable experimental work was neccessary before com-
mercial results were accomplished, and extensive changes in manu-
facturing technique were involved, thus affecting many phases of the
business.

From Research to Manufacture. As mentioned earlier in this chap-
ter, the possibility of commereial development and exploitation of an
original idea discovered by fundamental research may take years of
incubation before the product is ready for wide sale. Management
is, by nature, conservative, and a study of the products which have
come from research indicates that the future value of the findings of
research is often not apparent at once. In some instances, barriers
have been placed or allowed to remain in the path of further develop-
ment.

It has been recognized that the progress of such basically new ideas
is hampered by the lack of human foresight and omnipotent judg-
ment. The average, commercially minded manager is reluctant to take
over a new untried product during its developmental state until its
market and profit possibilities have been determined.

Trial Stage and Pilot Plants. To improve this unsatisfactory con-
dition, many plants have an intermediate process of development
which produces and sells the product during the trial stage. This
intermediate stage carries the product through the incubation process
.to determine if it can be made economically. Usually the produets
thus produced are sold in a trial area to determine how the public
will react. Chemical industries have used such pilot plants for years
to develop new processes. Many other industries are taking over the
same idea to test the commercial possibilities of promising new prod-
ucts before large sums are risked on a possible economic dud.

When the dentifrice Teel was placed on the market by the Procter
and Gamble Company, it was sold only in the Chicago area for some
time until they were satisfied the public liked the product. In the
meantime, the plant was geared up to supply the nation when the
time came for widespread distribution.

Design Function Not Always Needed. There arc a great many in-
dustries which do not need an engineering design department. Such
industries as vegetable or fruit canning, artificial ice, and brick, need
to specify or design very little for any of their products. Such indus-
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tries as the paint, soup, soap, bread, candy, baking powder, dye, and
chemical industries often need rather elaborate specifications and for-
mulas for each product made in the plant. However, not much actual
designing is necessary for these products, so that the engincering de-
sign function is not needed.

The specifications and formulas are made by chemists, chefs, or
other specialists, depending on the produet, and usually are filed away
and issued with the manufacturing order. The Eli Lilly Company has
the formulas for each of its medical preparations carefully recorded
on a tracing which is used to make the blueprints for the manufac-
turing order. At all points in the manufacturing cycle, the various
instructions necessary for an order are written on the tracing so that
no mistake ean be made in the blueprinted directions for cach depart-
ment.

The clothing, shoes, gloves, jewelry, and similar industries have
designers who generally work from sketehes from which patterns are
made for the various sizes. These patterns are usually the basis for
cutting the raw material. The patterns are filed away and issued
with the manufacturing orders.

Design Department and Production Control. In the metal, wood,
plasties, and similar industries there are generally engineering design
departments responsible for the original design.  These departments
must be sure that cach part is strong enough and suitable for its func-
tion; consequently this group speeifies the material.  All necessary
information such as proper material, correct dimensions, and toler-
ances must be on the blueprint.  Moreover, speeial processes like heat
treating, plating, or other finishes should be deseribed or coded on the
print for each part.

The complete drawings are finally released for production after a
few units have been built and tested to find out if the idea is sound.
If a rescarch department has developed a product up to a certain
stage, the engineering department generally studies it carefully from
a commereial engineering point of view.

When the product can be made on general-purpose machine tools
such as lathes, shapers, or milling machines, a few are first made by
ordinary hand methods. These are tested, redesigned if necessary, and
worked over and over to eliminate what are known in factory par-
lance as “bugs.”

Many of the modern products are then turned over to a design
stylist who will beautify the product and make it appealing to the
customer’s eye. A farm tractor concern onee called a style designer
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to make its tractor look lower, more powerful, heavier, and, at the
same time, streamlined for beauty. To the satisfaction of the com-
pany, the stylist succeeded in doing all these things by altering the
outside of the tractor. It appeared heavier but actually was lighter
than the old model. After the design has been accepted, the blue-
prints are prepared and sent to the process analysis group of indus-
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Ficure 1. Example of tabular method to show many similar part numbers on
one drawing,

trial engineers where the product is studied for methods of manufac-
ture.

This process is not used in all plants, but, generally, if production
is very great or if it becomes very complex, it is necessary to make
complete drawings. To reduce processing time and to help climinate
the possibility of errors caused by confused drawings, it is commonly
considered best to have only one part on each print. Some plants
modify this rule slightly where a family of parts have the same ap-
pearance but differ in size. In this case, a tabular approach for the
various dimensions with a unique part number for each sized part
will often reduce the actual number of drawings required. Figure 1
illustrates how this may be done.
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Production control in all its phases is easier to set up and maintain
if adequate and casily read blueprints or specifications are available
for all products.

Blueprints Are Necessary. Only about twenty years ago, a concern,
now with worldwide distribution of its produet, was attempting to
manufacture a complicated product without the use of blueprints. The
procedure for developing the new product was as follows: When
somceone in the organization had an idea for a new or improved instru-
ment, this idea was transmitted verbally to the experimental depart-
ment.  The experimental department consisted of highly intelligent
skilled mechanics who developed the idea and produced a finished
instrument. The completed instrument was tested for performance;
improvements were usually suggested by the test; and it was built
and rebuilt until an instrument emerged which would pass the test of
good performance. So far this practice agrees fairly well with modern
practice exeept that no drawings were used in the development stage.

However, in its later stages the method used by this company de-
viated widely from current practice. When the instrument was finally
approved and accepted, it was disassembled picce by piece and each
component part was wired to a board for future reference. This part
board, as it was called, was used as a substitute for modern drawings.
If 100 instruments were to be made, the mechanies in the production
shop were told to make cnough pieces like the ones on the board to
make 100 instruments.

Let us consider what would happen under this method because of
lack of drawings and control. Each mechanic measured the part he
was to make, set his own tolerances, and decided on his own method
and sequence of operations. If the part was to be made from brass,
he or the foreman would seleet a bar of brass as close as possible to
the largest diameter of the part. (Specifications for brass vary tre-
mendously.) The shop was on piccework so it was quite common for
the parts with the best price to be made in greater quantities than
needed while the parts with tight piccework prices were delayed be-
cause the mechanies avoided them. Even with simple instruments
and comparatively low output, this system was failing to work suc-
cessfully. When the firm began to assume leadership in its field, one
of the first things it did was to make complete drawings of all its parts.

More recently, a concern making a large line of mattresses and
upholstered furniture decided to expand its operation. Under the old
plan of manufacturing in one building, the firm could get along with-
out drawings because the output was low and variety was small. Each
foreman knew the entire line and usually managed to remember the
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different parts. When the increased production was decentralized,
however, to four buildings in four nearby towns, the lack of identifica-
tion of parts proved to be very troublesome. It did not mean any-
thing when the inventory clerk in Plant H ordered a medium coil
spring hooked on both ends. This company quickly had to place
engineers on its staff to aid the line officers in the manufacture of
the product.

Blueprints Should Be Authoritative. The only justification for blue-
prints and specifications is to provide a positive record which tells all
the facts needed to produce a part. These facts should be plainly
written in unmistakable language and arranged as simply as possible.
More and more concerns are following the practice of showing only
one part on each drawing so that confusion and mistakes are lessened.
To avoid mistakes in the shop, no prints should ever have notations
written upon them after they come from the duplicating process. If
any prints are in use with pencil marks or notations on them, no one
is sure of why they were changed and no one can be held responsible
for possible mistakes. Mechanics working under this system of cor-
rected prints have been known to change a dimension to cover up a
mistake in machining. The drawings, specifications, part lists, and
all other information coming from the engincering department should
be completed in the engineering department before the original trac-
ings are duplicated. When changes are necessary, they should be
made on the originals, the date of change noted, and duplicates de-
livered by the engineering department to all stations having the draw-
ing in their files.

At the same time the old print in the files should be removed and
-destroyed before the new one is placed in the file. Prints replaced in
the production control office should not be filed but should be referred
directly to someone whose duty it is to look over all changed prints
for possible changes in shop procedures. In this way the print files
throughout the factory will contain only the latest prints, and ob-
solete parts made because of the use of obsolete prints in the shop
will cease. All engineering changes should be sent to the production
control department immediately and to all interested superintendents
and foremen. In some job-lot production shops, a new print is made
for each manufacturing order. Thus the danger of using obsolete
prints in the shop is entirely eliminated. The production control de-
partment changes its records and procedures to conform to the en-
gineering changes and sends out this information to all concerned.

A formal request for change (see Figures 2 and 3) will help to
reduce pencil notations on blueprints, part lists, and operation sheets
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in the shop. When industrial engineering, production control, or the
shop desires to have a drawing or specification changed, an avenue
is open for them to present their request with reasons to the engineer-
ing office. It must be assumed, of course, that engineering is the final
judge of the soundness of such requests. On the other harfd, no en-
gincering group can afford to neglect suggestions and criticisnis from
the persons who use the blueprints. If the request is turned down,
the reasons should be clearly stated on the form which is returned to
the originator.

Form: Eng. 260D

MINNEAPOLIS-MOLINE POWER IMPLEMENT COMPANY
REQUEST FOR CHANGE TO DRAWING OR BILL OF MATERIAL

Machine Part No Date Sheet No.

Name

BM.No._____ ___ Sheet Line For

Deseription of Change__

Reason for Change

Request by Gen. Foreman
Approved for Machining: Tool Dgn. Supv.____ Methods Dept.
Approved for Casting: Pattern Foreman Foundry Supt._____

Approved by Engineering _

Use Reverse Side for Remarks (Return if rejected)

Fioure 2. Example of request for change for engineering drawing or bill of material.

Sometimes the normal difference of opinion, which is quite common
between engincering and production, is allowed to assume unhealthful
proportions. The following excerpts from an article * illustrates what
happens if the balance and check between departments is not main-
tained.

14Tet the Shoemaker Stick to His Last,” American Machinist, Vol. 89, No. 26,
December 20, 1945.
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The most successful concerns do not give either engineering or
production departments absolute control of their product. They
have found that teamwork wins. Before designs are frozen, the
production man gets a chance to suggest changes which will facili-
tate manufacture.

REQUEST FOR CHANGE Date_4/1/47
Please consider the following change for the X Drawing —— Master Part Number Record
—Parts List — Operation Sheet

on Part No. 82826  purwame COil Partition

used on Assembly or Machine Model No, R-K.15 & R.K.20.

Description of Change 2% hole to 3"
Reason for Change_1NICTreased size of hole will allow conduit

fitting to pass through to control box.

Requested by Henry Roth Approved Mogren

Approvals for Drauwing Change: Design Eng. C.S. Industrial Ing. ALK,

Approval for Parts List or Master Part Number Record Change: Design Eng.

Approval for Operation Sheet Change: Industrial Eng.

If change is approved, state effective date_ 4/1 5/4 7 .

If change is rejected, return to the originator and state reasons as follows:

Ficure 3. Example of combination request for change for engineering drawing, parts
list, master part number record, and the industrial engineering operation sheet.

Top management must decide whether the new product is to be
made on existing equipment or if cost will permit the securing of
new standard or special machines for the work. Top management
must also decide whether economies suggested by practical produc-
tion men, or expensive methods made necessary by the design en-
gineers who may know little of production, are to be used. Nine
times out of ten, the management which makes production men
responsible is most successful.

Even in designing tools and fixtures, where the designer often
comes from the shop, the most successful concerns consult the fore-
men, and frequently the operator who is to use the tools, before
the design is finally selected.

Design engineers naturally would like to control production, just
as production executives frequently express the desire to control
design. And both resent the efforts of the sales and purchasing
departments to dictate.

A committee including Engineering, Production, and Sales can do
the job. It gives the sales exccutives a chance to suggest methods
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or designs that can become sales points, the engineer a chance to
suggest methods or materials that may be strange and new, the
shop man a chance to suggest less exacting tolerances or cheaper
methods through slight redesign. No one man nor his group has
ever had a monopoly on ideas, even in a specialty. These groups
work better as a team toward a common goal. Here are ironed
out the differences in opinion, the artificial distinctions, the cfforts
to grab control. The system is being successfully used in many
companics—wherever the men who comprise the committee are big
enough and broad enough to allow anyone to offer a suggestion in
good faith.

This indicates the need for broader training in engineering, in
the practical application of ideas as well as in their evolution. The
graduate engineer must have all the theory he can master, plus the
practical training to apply, or at least understand the application
of, his ideas. He must, most of all, have an open mind, willing to
consider the ideas and theories of anyone, whether or not he wears
a white shirt or has the proper degree after his name. We must
break down the last vestiges of the wall between theoretical and
practical knowledge, merging the two for mutual benefit and with-
out suspicion or condeseension on either side.

NOMENCLATURE AND IDENTIFICATION

The production department is directly concerned with the design
and specification of materials for the product only so far as they
affect production possibilities.  However, positive nomeneclature and
identification are the very life blood of a successful control system.
Therefore, it is essential to have a positive and unique system to keep
every part, tool, material, work station, and department clearly iden-
tified through all the stages of manufacture. There are several sys-
tems of identification in use. The best for any one plant is the
simplest one which will do the entire job without chances of errors
owing to the system.

Classification and identification of the product must originate and
be carried on by the engineering department. It is rather difficult
to set up a plan showing too many things unless the product is stable.
The engineering department of a company building toasters attempted
to have the first two numbers of a series such as 37AB391 indicate
the year the part was first made. The letters AB were to designate the
model for which the part was designed in 1937. The series of num-
bers after the letters formed the part number. If this system had
been analyzed before it had been adopted, its failure would have been
revealed. Parts designed in 1935 for toaster model EP were found
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perfectly good for the 1946 toaster model PQ. Thus, the present
model toasters are made from a series of parts whose identifying
symbols have lost their meanings. It is impossible for this firm to
drop the first two numbers and the middle letters because the last
numbers are not unique, since they were repeated for every year and
model when new parts were designed. Thus the company is tied
to a parts number system which has lost its original meaning and
which has become unnecessarily cumbersome and hard to file.

In certain types of industries such as the furniture industry, where
the customer seldom or never calls for spare parts after using the
product, each part can have a number or symbol and after some
period of time, say two or five years, the series of numbers can be
repeated without difficulty. In other types of industrics, however,
such as automobiles and typewriters, numbers for spare parts as well
as for parts in active production must be kept unique. The straight
numerical system is capable of unlimited expansion and often is used.

The numerical system has several variations which can be used
for part identification. The Dewey decimal plan, widely used in
libraries, has possibilities of indefinite expansion. However, its great-
est use is in classification of such things as tools and accounts. The
straight number plan is widely used for identification of parts be-
cause it has unlimited possibilities of expansion and is universally
understood. Where products are made from many picces, some of
which are used through one or more model changes, it becomes diffi-
cult to build up a system of numbering the parts that will have
significance for long if too much information is included in the part
number. For unique parts used on only one product, it is possible
to use letters in the identification to designate the produet, such as
CO023, designating part 23 for a can opener.

When only one part is shown on each blueprint, the part number
and drawing number are usually the same. The number is then
called the part number. Some firms, particularly job shops, have
more than one part on each blueprint. In this case, the drawing has
a number which identifies it. Each part on the drawing then must
have separate identifications, usually a letter. For example, the
drawing number could be 10008 and the parts on the drawing desig-
nated by A, B, C, and so on. Thus 10008A could mean only one
part, and confusion in records, costs, and inventory could be entirely
eliminated.

The production control department, machine and assembly depart-
ments, stockrooms, inventory control, and others who work with any
kind of part lists have difficulty unless each part has a unique part
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number. Even variations, such as right- and left-handed parts or
parts that are similar except for size, should have unique part numbers.

MINNEAPOLIS-MOLINE POWER IMPLEMENT COMPANY

Revised July 9, 1946--Sheet No. 1
Replaces Sheet No. 1 dated Feb. 14, 1946

BUNDLE LIST
FOR
MODEL "S" SELF-PROPELLED HARVESTORS

12-Foot 14-Foot

No.Bdls | Graia Tank Back Plat. Grain Taak Back Plat.

Complete Shipment.......... PR 4222XT | 4222XS | 4223XT | 4223XS
Hood over Straw Spreader..... 1 1970X 1970X 1970X 1970X
Spout for Grain Elevator..... 1 2022X 2211X 2022X 2211X
Sickle....ovveiiiininnnnnnnn 1 2263X 2263X 2189X 2189X
Reel Bearing and Clutch...... 1 2190X 2190X 2190X 2190X
Reel Spider (3) & Divider

Guards (2)................. 1 2191X 2191X 2191X 2191X
Reel Shaft and Sickle Pitman. 1 2264X 2264X 2192X 2192X
Reel Blades (6).............. 1 2265X 2265X 2193X 2193X
Header Auger, R.H. (Radiator

Side) ..o 1 2266X 2266X 2194X 2194X
Header Auger, L.H. (Grain

Tank Side)................. 1 2267X 2267X 2195X 2195X
Grain Elevator............... 1 2196X 2208X 2196X 2208X
Straw Spreader............... 1 | 2197X | 2197X | 2197X | 2197

Harvestor Body, with Engine,

Tank, Center Header Section 1 2199X 2238X 2199X 2238X
Right-Hand Section of Header

(Radiator Side)............ 1 2305X 2305X 2303X 2303X
Left-Hand Section of Header
(Grain Tank Side)........... 1 2306X 2306X 2304X 2304X
Tool BOX. v vinianeeennnnnn 1 2213X 2213X 2213X 213X
Reel Support, Braces, Truss,
[ 72 1 2308X 2308X 2307X 2307X
Vertical Header Truss........ 1 2262X 2262X 2262X 2262X
Bag Chute..........coouvvnne, 1 No 385X No 385X
Platform, Hand Rail, Shields
and Support........oeieinn 1 No 2209X No 2209X
Braces, Rods, Gusset, etc.,
for Platform...........oo... 1 No 3212X No 2212X
*Pneumatic Main (front) Wheel

for 8-Ply 11 x 24" Tire.... 2 2202X | 2202X | 2202X | 2202X
*Pneumatic (rear) Wheel for

4-Ply 5.50 x 16" Tire...... 2 1871X | 1871X | 1871X 1871X

'NOfE: Wheels to be on Harvestor

Fioure 4. Example of farm implement bundle list.

A safe rule to follow is: If any part, no matter how similar to another,
cannot normally be used interchangeably in all aspects with the
similar part, the two parts in question should have individual, unique
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numbers. This concept of unique part numbers is important for good
control, and executives responsible for controlling production should
insist that design engineering furnish them. Engineering design must
be responsible for all classification and identification of the product
because they are the only ones who know the product well enough in
the beginning to do this.

Subassembly Nomenclature. In many plants whenever two or more
parts arc assembled and usually held for temporary storage the as-
sembly is designated by a unique number. This prevents the sub-
assembly from ever losing its identity for separate planning, pricing,
costing, or accumulating for later completion of another subassembly
or the final assembly.

Parts List. The enginecering department also should issue what is
variously known as a parts list, drawing list, or model list to show
the parts included in any unit to be manufactured. When the product
is large and must be shipped in separate units, it is a good plan to
have all the parts going into each unit listed together on one or more
sheets with a unique subassembly name and number. All the plan-
ning, from purchasing of material to the accumulation of the separate
parts for the subassembly and the final shipping procedures, can be
closely followed and controlled. Figure 4 shows a list of bundles
required to make a composite bundle number 4222XT for a 12-foot
grain tank. This complete shipment consists of the nincteen separate
bundles comprising the subassemblies necessary for the 12-foot grain
tank attachment for the Model S self-propelled harvestor. FEach of
the separate bundles under the number 4222XT also has a list of
the parts constituting the bundle. Figure 5 shows the parts list for
bundle number 2190-X. It is common practice in the farm implement
industry to ship the parts for various attachments in bundles wired
or boxed together so that the dealer or user can assemble them as
needed.

For any product made of more than two parts, a parts list is neces-
sary for good control. This parts list should be complete to the last
screw, washer, and nut. In addition it should show the parts in
groups as they are assembled to make the various sub- and final
assemblies. Figure 6 is an example of a parts list which shows all
the drawing numbers used to make the final assembly of a 1 horse-
power electric motor. Figure 7 is an example of a graphical parts list
showing how the various parts are combined to make the several
sub- and final assemblies. This sort of parts list is of great value
to the shop and production control organizations, particularly when
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4 PRODUCT DESIGN OR SPECIFICATION
DRAWING LIST &
SPECIFICATIONS FOR MODEL NO. _sscrec:
COMPILE] 2239 [INSPECTED. (Ftanca” Segph 29-59[RQ PO.
TYPE | FRAME £FORM | POLES [ H.P.] SPEED | voLTS CYCLES PHASE
MOTOR SCR | 04 4 | 1| 1760 [ 110f 220 60 Single
STANDARD Wool Packed Bearings [H'T OF IRON  2° BORE 57/8°
SAME AS M.L. EXCEPT
GR. [ UNIT| REQ.
TITLE OF DRAWING DRAWING NO. | no QUAN QQ& DATE NOTES
End Shield (C. E.) K| 02305 | 1 [ 1
4| Quadrant Cover (Solid) P 2981480 1 ¢
Quadrant Cover (Vent.) P 2981480 2 2
End Shield (P. E.) K 3902505 1 1
8
9
10
11{ Stator ( Wound) K 3938378 1 1
12 | Conduit Boxr Assem. K 2105282 1 1
13
14| Rotor Wound K 3938878 1 1
15
6
7] Brush Rigying K 3n2517 1 1
8
9
& Pullcy * (M| 2114251 PT [205] 1
21| Sliding Base (*204) *|T 4785569 | 1 1
22| Belt Tightener *
23| Connection Label) See
24 | Crate Label 1 S.I.P.- 37506
25] Name Plate )
26
27 | Outline L 60941 X
28
l_ FOR REFERENCE ONLY
30| White Print GEM - 600 NOTES
31 [ Teat Spec. 3132490 - 8
132 Inmul. Test Spec. S.ITP.-37511
33
34| Stator Conn. Diagram §-20046-2
@ [35] Br. Yuke Conn. Diagram
& | 36| Erternal Conn. Diagram
g [
38 NAME PLATE STAMPING
DI | 39| Brush (2 Pairs) V-2019474 FULL LOAD AMPERES
E7| 40| Bearing Lining (C.E.) For V- 1782031 FULL LOAD SPEED
P12| 41| Bearing Lining (P.E.)Y )  Supply V- 176201 TEMPERATURE
Mo®| 42| Thrust Washer V2935813
Mo 7{ 43
M 26| 44 | Air Gap .012*
M28| % TO BE FURNISHED ONLY WHEN CALLED FOR ON REQUISITION
~
[ o
— W
- (§

General Electric Co.

Figure 6. Drawing list for a standard motor showing parts and required
quantity of each.
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Master Parts List for Final Assembly Number 910
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assembly

Final
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303 |
396 1 -
407!
408 |

196 |
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83 --|-
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Figure 7
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the product is a new one just going into production. Figure 8 is an
amplification of the graphic parts list idea. It includes a portion of
page 30 to show the machine graphic assembly index with the part
numbers in sequence. Figure 9 is a portion of page 14 which shows
the machine graphic assembly chart. This assembly chart shows

MACHINE GRAPHIC ASSEMBLY INDEX
PRINT MASTER - PAGE NO. 30
PARTS ASSEMBLY LEGEND FOR SUBASSEMBLIES
PART NO. | INDEX DESCRIPTION MATL | 580 SiZe it
12415 | 50-1-30 | Insulator—Door 1by 23 by 72 2
12416 | 50-J-36 | Knob Catahn 2
12419 | 2+-J-44 | Hose Tracing Scparator “R” 1
12420 2-J-27 | Transformer Unit |
12422 2-J-35 | Transformer Cover, Upper CRS 060 by 930, by 133, 1
12123 2.J-10 | Tran-former Cover, Lower 00Ty 117, by 187, 1
12424 2-1-7__| Transformer Panel Strap HRS Tobv 3, by 1oty 2
12426 2-1-9 | Transformer Pancl Black Ky ', v oY 1
Bakelite
12427 14-1-34 | Gear Housing Assembly 1
12428 11-H-33| Sprocket Purch | KSA 10 1
12429 14-H-35] Drive Shaft Tracing Sep Ace_Stock SNy 005 In 3% |
12430 | 14-H-36| Spacer Beanng Trac Secp Seamless Wigod by 5200d by 2 2
St_Tubing
(121 11137 ] Bearing Torr Needle) Bra-BB 2
12431 20-1-16 | Needle Beanng A Purch 2
12432 [ 14-H-27[ Gear-Drive Shaft Trac\Sep A’y 1
12133 | 14-F-26] Spup Gear N\ ND 21B 1
12134 | 11-F-28] Std Steel Bushing NS, Tood by Lad lyiig | 1
12437 ] 19-1-25 | Spur Gear MD, T
12438 | 19-1-4 | Tank Suction A bly =L 1
12439 19-H-3 | Tank Tube 1
12441 16-1-13 | Duct Scparator St St 1
12441 19-H-2 | Duet. 2
12442 [ 19-H-1 | End Plate 2
12443 12-1-49 | Angle Support Separator Ass'y. L 1
12441 12-H-47] Angle Support Trac Rec Steel Angle Tiaby 1T, by 115hy 4% (¢ 1
12446 19-H-18] Stud Support Trac. Rec. Tray CRS 516 Din by 114 1
12146 12-H-18[ Stud Support Trac Rec Tray CRS 546 Dia by 1T 1
12447 9-1-49 | Angle Support Tracing Sep Ass'y | R 1
12448 9-1-17] Angle Support Trac. Rec. R Steel Angle Aghy 1y by 1150y 436 1
1

Ficure 8. Example of a graphic parts list index.

how the parts go together. Note the sample part number 12431-1 in
both Figures 8 and 9.

Figure 10 shows how the same idea can be used to develop the flow
of material and quantitics required for a chemical product.

Although the design or specification department almost always
specifies the grade and kind of material, the gross quantity or size of
raw material to use is often calculated by the production control
department.

Cooperation between Production Control and Engineering. Engi-
neering and production control must have close cooperation and a
high degree of mutual respect. If any necessary information on the
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drawings or specifications is incorrect, incomplete, or not clear, the
product analysis group of industrial engincering should send a change
request to the design engineers at once. Mechanics and workers in
the shop have the right to assume, after the prints have been checked
by design engincering and the process analysis group, that all mistakes

SHEET 3 OF 3 SHEETS
FOR
TR A B g A= MACHINE GRAPHIC ASSEMBLY CHART
12432-1 Gear-Dnive Bhaft Trac Sep Assy
12427-1 Bupport-Drive 8haft Trac. Sep. Assy PAGE NO.
7378-1 Chain Guide Assy )
13914 Printer End Plate Assy 14

SUBASSEMBLIES

SUB- | NO. ASSEMBLY
DESCRIPTION ASSY N0, REQ'D A -] F H | UNE K L

Spur Gear 12433-1

Gear-Drive 8haft Trac. Sep Assy |1 1

Std_Steel Bushing

Al d Cup Pt Sct Screw
t

e
aper Pin

12132-1

12134-1
16

4378
T
229
3 12428~
rive Shaft [ TAZ7-1 124251

ve 't Traciny 3 12420-1

r-] racing bep. 1

Fog o Yoo e == ity
ex “ap Screw 107
Lock Washer 11166-1
Bracket-Chain Guide Bupport 120221

achine Screw 210

Lock Washer 111651
Chain Guide Bracket 7377-1
Chaip Guide Ammemb 73781 7378-1
Chain Guide 7376-1
teel Machine Screw
| Flat Washer
| Lock Washer

Hex Nut

Proter End Plate Amy Left 13914
ex Hd Cap Screw
Lock Washer
Hex Nut

dEEEEEE EEEEEEENRIE

211
11157-1
111651

337

13014
129

11168
343
OZALID

MODEL PM ASS’Y NO. See above

WRITTEN BY GB DATE 1/5/48

CHECKED BY WOS DATE 1/12/48

il e | 03] 00 [00] 0]

BEEHEEEEEEE

Ficure 9. Parts list arranged to show how an assembly is put together.

have been found. In some cases, the design engineers or specification
writers are interested in the methods and operations chosen to produce
the product. If the degree of excellence demanded by the drawings
or specifications has not been met owing to poor methods or faulty
sequence of operations, the design or specification engincers should
send a change request to production control at once. By such a sys-
tem of checks and balances both design engineering and production
control are checked for their mistakes as quickly as possible. These
two groups work better as a team toward a common goal. They can
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iron out their differences in opinion and thus prevent efforts to control
the other’s domain. Such teamwork is being successfully used in many
companies wherever the men who comprise the team are broad-minded
enough to accept suggestions.

FLOW CHART OF DYESTUFF SYNTHESIS

[(T00 DIRECT YELLOW GG 100# ]
I

Tgi07 e " goa#) |
}428_ HYOROCHLORIC ACID 21°Be’ 4284 Izo BENZIDINE DIKYDROCHLORIDE. PASTE 20—#| 25 _SAICVLIC ACD 254]
| 136 SODIUM NITRITE SOLUTION 1364
11261 SODIUM CHLORIDE 1614
L 205 __ SODIUM CARBONATE 2054

"106_CARBON DIOXIDE _ 26541

| 45 SODIUM_HYDROXIDE 1134 )

_____ L46_HYDROCHLORIC ACID 115 #)

2553 IINC DUST —_ S10# )
|64 SODIUM_HYDROXIDE SOLN. 13# |
8511 SULPHURIC ACID 50% 17024 ! (1720 NITROBENZENE 347 4] [775_PHENOL 194 4]
171929 HYDROCHLORIC ACID 20°Be’ 3864 |
14255 SODIUM CHLORIDE B4
703 CALCIUM CARBONATE ooé#, I _
T_40__SODIUM_NITRITE 08# 1400 MIXED ACID i
|96 SODIUM MONOSULFIDE SOLN __ 19# L_ L0_SODIUM_HYDROXIDE SOLN. 0.3 %)
L __ASCRYSTAS ] [730_BenzENE 230#]

Figures to the left show the number of pounds of ingredients required
to make 100# of the intermediate product formed at the end of each step.

Figures to the nght show the number of pounds
required to make 1004# of the ultimate end product.

Qeneral Aniline and Film Corp.

Ficure 10. Graphic chart of ingredients which is useful for production control

QUESTIONS FOR DISCUSSION

Collateral reading is necessary for best results.

1. Why do some people believe that new muchines and produets should
be controlled by legislation ?

2. Name an important invention which was commercialized quickly. How
did it succeed?

3. How cun research keep the old products of a company in the profit-
producing group?

4. What important recent invention, in your opinion, will cause the great-
est shock to our social life if the invention hecomes widely used?

5. When should research work he commercialized ?

6. How does a manufacturer know when a new idea has commereial pos-
sibilities?

7. Why does the shop prefer to have the privilege of changing blueprints?
Why is this a bad procedure?
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8. Who should be responsible for classifying and identifying the product?

9. Can the Dewey system be expanded indefinitely and is it desirable for
production work ?

10. What types of industries must earry spare parts on hand?

11. How do drawing or part lists aid production control?
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CHAPTER VI
MATERIALS, THEIR CLASSIFICATION AND SELECTION

Materials for Design and Specification. It is difficult to do the best
job in production control without a good general knowledge of the
materials used for the product.

The engineering design department is primarily responsible for the
specification of materials. To be able to specify them, the design
engineer must know the tensile, torsional, shearing, and compressive
strengths of all materials used in mechanisms and structures. Often
other physical qualities such as electrical conductivity and resistance,
hardness, magnetic quality, elasticity, resistance to constant heating
and cooling, heat conductivity, expansion coefficient when heated and
cooled, ductility, ability to take various finishes such as paints,
lacquers, or plating, and many other qualifications in certain applica-
tions must be considered in sclecting materials for various products.

The list of materials continues to grow. Not only have new families
of materials been created, but old families such as steel, cast iron, and
glass have had many additions which arc available for the design
engineer’s consideration. Beryllium copper and glass, for instance,
have been used for springs, and in certain applications they are far
better than spring steel even if the magnetic qualities of spring steel
are not objectionable. The family of plastics is alrcady large but
frequent additions are being made. An outstanding example is a new
plastic which is hard and transparent enough to be used for ground
lenses. It is lighter than glass and will not break necarly so easily.
These new materials should be carefully explored periodically to be
sure nothing is overlooked which will make the present product better,
cheaper, or perhaps both.

In the chemical and process industries the choice of materials is also
about as wide as it is in the mechanical industrics. A number of
changes and substitutions are made in formulas and specifications
either because of acute shortages, economic conditions which make
certain materials too expensive for a time, or new chemical materials
which can improve the product. The chemical ficld has a number of
materials which have similar properties for certain uscs. For exam-
ple, several chemicals develop a silver image on a photographic film

80
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or paper. In some processes they may be used more or less inter-
changeably, but in others adjustments must be made in the entire
formula if a substitute is used. The synthetic dye industry is a com-
plicated and exact science, but substitution and permanent changes
are made in various formulas which may improve the final dye or
produce the same dye at lower cost.

Materials for Economic Production. The production engineer is more
generally interested in other properties in addition to those mentioned
above. Materials provide the beginning for production control. There
are literally thousands of kinds of materials used in modern factories.
They are in solid, liquid, and gaseous forms. They are toxic and non-
toxic. Some arc very checap, whereas others are very expensive in
cost per pound. The shipping, storing, care, fabrication, and reclama-
tion of waste vary greatly with the cost of raw material. Some in-
dustries usc large quantities of precious metals, jewels, and expensive
chemicals; others may use only clay or iron ore. Some materials are
very casy to transport; others arc difficult to transport. Various
materials machine easily or not at all. Some are explosive under cer-
tain conditions; others are always a fire hazard; some require no
special care. The list of properties of materials which interest the
production man could be expanded whenever we think of another in-
dustry. Yet these properties or lack of them seriously affect the pro-
duction possibilities in many factories.

The product analysis group, generally associated with industrial
engineering in the mechanical industries, should critically examine the
design engincer’s choice of materials. This is usually done when the
methods of manufacture and the equipment are specified in the orig-
inal writing of the operation sheet. The chemical and process in-
dustries have the same problem when the formula or specifications are
turned over to the plant for manufacture. Production-minded chem-
ical engineers develop equipment and processes which will make the
laboratory product in large-scale production equipment. Often this
involves changes in pressures, temperatures, and even in ingredients to
some extent. In any event, someone must decide how a product is
to be manufactured, and more and more companies are using special-
ized groups who not only study materials and methods, recommend
changes, and finally write operation sheets on new products but also
are constantly alert for changes which will improve or reduce cost of
old products.

Design engineers and research workers in general realize that pro-
duction problems often involve changes in original drawings or specifi-
cations. When wholehearted cooperation exists between the people
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presenting the original theory and those working with the hard, cold
facts of production costs, the result is a kind of teamwork which re-
duces production costs rapidly.

However, it would be difficult to have these production-minded
people working for the design and rescarch engincers at the initiation
of a project for several reasons. If the process development or product
analysis groups were working with or for the design or research en-
gineers, there might be a tendency for one group to dominate. If
the production group dominated at the time new designs or formulas
were being developed, it might seriously hamper the creation of new
and unique products by insisting on the use of existing produection
materials and facilities. On the other hand, an independent approach,
with one group responsible for ereation and the other for production,
provides an adequate check and balance procedure.

CLASSIFICATION OF MATERIALS

After the process development or product analysis group has come
to an agreement with the research or design enginecers on the mate-
rials to be used, then production control, often in cooperation with
cost accounting, must provide an inventory record as a starting point
for controlling production in the shop.

For control purposes it is necessary to classify the materials in the
plant. Materials used in the production of goods may be grouped
according to one of two major classifications. The first of these is
based on the state of completion in the plant.

1. Raw material.

2. Material in process.

3. Finished goods or materials.
4. Purchased finished materials.

Materials at any one stage of the manufacturing process should be
definitely classified into one of these groups. Any error in the classi-
fication of materials affects the validity of financial statements which
should include the inventory value of all materials.

Raw Materials. Raw material may be defined as the substance
worked upon in the first operation for a part or product, that is, be-
fore any processing or fabricating has been done. Raw material for
one plant, then, can be finished material from another plant. Wheat,
the finished product of the farmer, is raw material for the flour mill,
and the product of the flour mill is the raw material for the bakery.
The finished product from the bakery may become one of the raw
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materials for a concern putting up box lunches. In an integrated
plant, pig and serap iron, coke, and limestone are raw materials for
the foundry, whereas the finished castings from the foundry depart-
ment are materials in process when on their way to the machine shop.
On the other hand, castings from an outside foundry not owned by
the same concern are raw materials for the machine shop.

Process Materials. Material in process is the material in a partially
completed condition of manufacture. This group of materials is to
be found in the machines, on the conveyers, trucks, or other means of
transportation, or in temporary storage places waiting to be assembled.
Raw materials become process materials at the first process operation
and remain in that classification until they become finished goods
ready to ship.

Complications may arise from time to time, as when an integrated
plant including a foundry and machine shop sells castings to another
machine shop. The castings sold to the outside shop are finished goods
rather than process goods to be delivered to the machine shop of the
integrated company.

Finished Materials. Finished materials or goods are those products
in a completely finished condition which have not been delivered to
the customers. Materials usually leave the “in process” classification
and become finished materials at the point of final inspection or when
they are ready for delivery to the customer or finished stockroom.

Purchased Finished Materials. Purchased finished materials differ
from goods or materials finished in the plant in that they require no
processing before being used in the assembly of other products. Few
concerns make their own nails, bolts, or serews, and even such a
highly integrated plant as the Ford Motor Company buys carburetors,
radiators, and other completed units. Many plants are largely as-
semblers of purchased finished units with only a minimum amount
of processing opcrations actually done in the plant. Oil burners,
radios, and clectric refrigerators are assembled in this way by certain
companies to avoid big investments in production equipment.

Finished units often can be purchased more cheaply than they can
be made in one’s own plant. Highly specialized labor and machinery
can produce certain products much more cheaply than a general-pur-
pose plant. The Corning Glass Works has machines producing the
glass bulbs used for electric lights and radio tubes. These machines
produce bulbs automatically at the rate of 450 to 500 per minute.
No concern using only a small fraction of this production of bulbs
per day can afford to make its own. Periodic studies should be made
to check relative costs of materials when worked in the plant or when
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purchased finished because conditions may change enough to justify
a shift from one method to another.

Purchased finished materials reduce the work of the planning divi-
sion for it is only necessary to requisition the materials through the
purchasing department which in turn places the orders and sees that
they are delivered on a date set by the planning department.

Direct and Indirect Materials. The second major classification of
materials is based on the manner in which the material cost is charged
to the final product. Material that can be charged to specific jobs,
processes, or commodities is considered as direct material. Indirect
material is that material which is general in character but which is
difficult to assign to a given unit of product for the purpose of cost
finding.

Examples of direct materials are the wool used to make blankets,
steel to make a wheelbarrow, olive oil to make salad dressing, and
glue to make kalsomine. All these are used in definite quantities in
the products mentioned, and the amount in each unit of product can
be measured. Indirect materials in some products may be identical
with direct materials in another. They may be used in such small
quantities or in such varying amounts per unit that accounting on
a unit-of-product basis would be difficult. Under other circumstances
the indirect material may be used only during manufacture and may
be lost entirely or gradually as production progresses. An example
of indirect materials is the special o1l used just previous to the carding
of wool in a blanket mill. The oil is atomized and allowed to mix in
a continuous stream of wool going to the carding machines. The oil
remains in the wool throughout the carding, spinning, and weaving
operations to prevent the fibers from becoming brittle. During the
washing operations on the blanket the oil is removed and is not re-
covered. Catalysts used in chemical manufacture are indirect mate-
rials which make many chemical processes possible, yet they do not
enter the product. Nails, tacks, and screws are often charged as in-
direct materials because of the variable number used per unit. Glue
used in a furniture factory is also usually charged to indirect material.

Supplies are those materials which aid production without actually
entering into it. In some plants they are classified separately and in
others they are considered as indirect materials. Such things as pencils
and paper for office and shop use, brooms, rags, lubricating and cutting
oils, and oils used for fuel and quenching in heat-treating plants are
considered as either indirect materials or supplies.

From this discussion on direct and indirect materials, it may be
seen that it is not always possible to classify a material into one or
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the other group at the time of purchase. The general practice is to
charge such purchased goods to the stores account and then charge
each material to the proper direct or indirect material account when
it is known how it is to be used on the job. Indirect materials and
supplies are charged to the department overhead account.

EFFECT OF MATERIALS ON PRODUCTION

As stated before, materials provide the starting point for much of
the thinking and all the work done in production. Often a part may
be made from one of several materials. A gearwheel in a kitchen
mixing machine can be made from a brass rod or casting with the
teeth cut after machining the blank, or from a zinc die casting with
the teeth cast. The camshaft in an automobile engine can be made
of drop-forged steel or a special grade of cast iron with the cam
sections cast in a chilled mold. The outside cover of a camera can
be a plastic casting, a die casting, or a stamping. The frame for a
large clectric generator can be a casting or a welded section. These
various materials are about equally acceptable to do the job the design
calls for.

Since labor and material are the factors which comprise the prime
cost of manufacture, the total cost of these factors determines to a
large degree the material sclected.  Sometimes the more expensive
material in cost per pound is actually cheaper in the finished product
beeause of lower labor or overhead costs. At other times, the cheaper
material may require expensive machines or processes involving large
capital expenditures and high overhead charges. In either situation
where fixed overhead costs are important factors, the volume of pro-
duction may be the deeciding factor in the sclection of the material.
On the other hand, when two materials involve practically the same
labor and overhead costs per hour, the selection of material depends
on the relative rates of production per hour rather than on the total
volume of production.

Some processes, like die casting, are highly productive with little
labor cost per unit; others such as welding may use more labor per
unit produced while the saving lies in a lower material cost per pound.
Rolled steel sections, used for welded fabrication, usually cost less than
cast iron per pound. Moreover, because steel is stronger per unit area,
less weight is needed in the finished product for the same strength.
One can easily see that many variables must be considered in choosing
the material to be used in any product. Formulas or economic balance
calculations aid in the selection of the most economical material for
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any current conditions. These calculations are explained on pages
87, 95, and 96.

The substitution of aluminum or brass for steel in bar stock screw
machine work is a good example of different materials involving about
the same labor and overhead cost. To a lesser degree the substitution
of sheet nonferrous metals for sheet steel in certain punch press opera-
tions will show variations in cost which should be investigated. In-
ventory quantities or control methods are not changed to any great
degree in these two examples. A projected change of die castings for
sand castings, stampings for forgings, or any change involving the
method of production is more complicated because more factors are
involved. Return on additional investment, relative labor costs, setup
costs, inventory costs, overhead costs, and different materials costs
must all be considered to arrive at the proper answer.

Economics of Brass versus Steel in Screw Machine Work. In an
article ! by Sydney Fisher, formerly with the Bridgeport Brass Com-
pany, consideration is given to the problem where few changes in
capital charges are involved. Some of the nonferrous metals such as
copper, brass, and aluminum have certain physical properties which
are desirable if their strength characteristies are satisfactory. Often
they will take a higher natural finish, will require less work to produce
a good nickel- or chromium-plated finish, and will resist corrosion
under more severe conditions than will steel. When strength or mag-
netic qualities are not determining factors, the nonferrous metals
should be carefully checked against steel to find which of the several
materials is the cheapest to use.

The relatively higher cost per pound of the nonferrous materials
is offset by the superior machining properties of most of them. The
higher value of the serap turnings per pound over steel scrap, and,
for aluminum and other lighter metals and their alloys, the difference
in density affect the calculations considerably. In practice these fac-
tors are balanced against the extra cost of machining steel and the
added value of the nonferrous scrap over the steel scrap.

An important factor to consider is the higher value of the scrap
metal produced in the machining process. Brass or aluminum scrap
is worth a much higher percentage of the original cost than is steel
scrap. Moreover, if the process is economical as far as the metal cost
is concerned, there is the additional savings of floor space and over-
head which comes from the greater production per hour. Owing to
the increased output and the extra work of supplying more rod stock

1 American Machinist, Vol. 62, p. 225.
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and taking better care of the more valuable chips, the labor cost might
be slightly higher per machine. This higher cost of labor is balanced
by the longer life of tools, less tool sharpening, and consequently, less
time lost in setting tools.

Cost Balance Sheet. It is easy to set up a balance sheet, similar to
the one shown in Figure 1, showing the costs involved in using each
material. Many problems of this type can be approached analytically

BALANCE SHEET FOR SELECTING ONE OF SEVERAL MATERIALS WHICH
CaN BE Usep ForR A GIVEN ParT

(when processed on similar machines)

Material A Material B
1. Cost per pound of raw material $0.04 $0.15
2. Gross weight per piece (Do not neglect den-
sity differences.) 0.25 0.27
3. Gross material cost per piece 0.01 0.0405
4. Weight of scrap produced per piece (Ib.) 0.10 0.108
5. Value of scrap per pound 0 005 0.09
6. Recoverable scrap value per piece 0.0005 0.00972
7. Net material cost per piece (Item 3 —Item 6) 0.0095 0.03078
8. Extra cost of more expensive metal per piece 0.02128
9. Labor cost per machine hour 0.30
10. Overhead cost per machine hour 1.10
11. Output in pieces per hour per machine 41 X
L item 9 + item 10 1.40
12. Machining cost ( ttom 11 ) 0.03415 ltem 11B
13. To break even item 8 must equal item 12A — item 12B
or 0.02128 = 0.03415 — l___;()

X = 109 pieces
per hour per machine must be made to break even if material B is used.

FiGure 1

by this method. Equations also can casily be developed to do the
same thing, but unless they are carefully used and fully understood
the method of balanced costs produces fewer mistakes and a better
understanding of the problem.

As an example to be worked out in Figure 1, a designer finds it
possible to substitute brass for steel as a material for a certain serew
if the difference in cost is not too great. The present screw is made
in an automatic screw machine from steel bar stock costing 4 cents
per pound. Suitable brass bar stock would cost 15 cents per pound.
Scrap value of the turnings are respectively % cent and 9 cents per
pound. Labor is paid 90 cents per hour and each man runs three
machines. The overhead charge per machine hour has been $1.10.
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The screw made from steel requires 14 pound of material, although
the brass requires slightly more owing to greater density (1.08).
Forty per cent of the gross weight is reduced to chips. The output
in steel is 41 pieces per hour. How many pieces must be machined
from brass per hour to break even with the steel cost?

For any production over 109 pieces per hour in the example worked
out in Figure 1, there will be a saving in final prime cost even if the
proposed material B does cost almost four times as much per pound.

In solving any current problem, it is important to obtain current
prices for the several metals in bar form and the market prices for
the corresponding scrap metals. Industrial centers usually have metal
warehouses and serap dealers who will quote local prices of various
materials. Current prices for materials also may be obtained direct
from the purchasing department.

General Consideration of Fact Relationships. A few gencralizations,
based on the expressions in Figure 1, may help to show the effect of
the variables on the final result.

1. The higher the percentage of scrap turnings to the gross weight
of any piece, the less difference in the extra cost of the more expen-
sive material, provided, of course, that the serap value of the more
expensive material is also high.

2. As the gross weight goes down the extra metal cost per picce
becomes lower.

3. When either or both of the labor and overhead rates per hour
are high, the extra machining cost for the cheaper material A is
greater. This has the effect of reducing the number of pieces per hour
necessary to have the higher cost material B break even with the
cheaper material.

4. When the nature of the machining is such as to require a longer
time, the extra machining cost for the cheaper material A becomes
larger in proportion.

5. Thus, to have the savings in cost of machining greater than the
extra cost of metal, the following conditions are favorable: (a) when
labor and overhead rates are high, (b) when machining processes are
difficult and time-consuming, (¢) when gross weight per piece is small,
(d) when serap turnings or waste are a high percentage of gross weight.

When ferrous metals are machined, the free-cutting materials are
generally those with low strength and low Brinell readings. The high
strength, high Brinell steels and irons are usually not free-cutting.
In brass this same relationship does not always hold. The most im-
portant factor in determining free-cutting properties of brass is the
lead content. The optimum percentage of lead for free-cutting is
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about 3 per cent. If brass rods are hard drawn they still will be free-
cutting if the lead content is high enough.

Recently, lead has also been added to certain steels to be used for
bar screw machine work. The addition of lead to steel * has tended
to make it machine more easily and this metal should be investigated
along with others when cost comparisons of this nature are made.

Examples of Cost Comparisons. Part one in Figure 2 shows a 9 per
cent increase in cost when the same part is made from steel. In addi-

Pieces Cost Each Mach
Sk | 5 o T s | v | * | P
fe———2%"~
I Brass | 115 |0.0087]0.0022|0.0434/0.0543|100( 4.3
% | [AUUOUMRRAD
Y steel | 27 |0.0374|0.0078[0.0141/0.0593|109] 1
*1
.N
! 2%~ | Brass | 160 |0.0063]0.0016]0.0078]00157|100| 22
;ﬂ - —&F | [115_|ocos7|oc0z2
" Steel |~ 5505 Tooozs|00025[00209| 133( 1
L 3*' ]
| Brass | 200 |0005 |0.0013[0074 |0.0803|153| 45
steel | 45 |0.0225/0.0056|00243]0.0524]100| 1
#3

Ficure 2. Total cost comparison between brass and steel.

tion the machine can make more than four times as many pieces per
hour, or, in other words, only about one-fourth as much machinery is
necessary to turn out the same number of parts.

Part two in the same figure shows considerable saving because the
piece is machined complete in one operation when it is made of brass.
This is done by rolling the thread and skiving the back end. Neither
the skiving nor rolling of the thread would be practical if the piece
were made from steel because the pressure exerted by the tools would
be sufficient to bend the piece. Two operations would be necessary
to complete the work if stecl were used. When this is taken into
consideration stecl costs 33 per cent more than brass.

In part three, even though four and onc-half times as many pieces
are made in brass, the excess metal cost is too great to be overcome
by savings in machine cost. This, however, is a case where the plumb
bob would be made of brass, regardless of cost, because of its re-

2 Manual on Cutting of Metals, American Society of Mechanical Engineers,
1939.
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sistance to corrosion. Thus, it is pleasant to know that the added
cost of the brass for this part is nowhere near the amount the differ-
ence that the raw material would indicate.

Cost Balance Where Several Variables Are Present. Not all material
changes are so easy to calculate as those in which the different ma-
terials can be handled by the same type of machines. Quite often it is

Lincn Eleetric Co.

Ficure 3. Welded machine housing, weighing 200 pounds. Note thick and thin
sections and round corners.

necessary to change the design to accommodate the new materials.
The use of high-strength, long-lasting rayon cords in modern tires
resulted in changed specifieations for the tread rubber to enable it to
wear longer. This change in turn called for a change in the tread
design. New tools, new molds, new machines, and new equipment
often are necessary when materials are changed.

A change from die castings to plastics or vice versa requires a com-
plete change of machines. When welded fabrication is substituted for
foundry castings of iron or steel, a complete change is required not
only of machines but of work places and working conditions. Molders
and patternmakers are not needed for welded scetions.  Steel rolling
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mills furnish the raw material instead of foundries. Changes can be
made in material which seem simple enough on first thought, but
sometimes the economic ramifications are far from simple. The steel
in steel castings and drop forgings may have almost identical specifica-
tions, but the methods of producing them are widely different.
Welding versus Casting. The carly welded fabrications were severely
criticized for their angular, ungainly appearance. Customers did not

Lincoln Electric Co.

Ficure 4. Welded broaching machine table,

take kindly to the straight lines, square corners, and sharp angles
which were so common in the early designs.

Today, products are manufactured from steel plates and other rolled
steel seetions which are as pleasing in line and form as those produced
by other methods. In fact, when a modern machine of welded con-
struction has several coats of paint, it is difficult to tell whether the
parts have been welded or made by more conventional methods. Thus
one of the economic difficulties, that of sales resistance due to appear-
ance, has been removed.

Figure 3 shows a housing weighing 200 pounds, which was produced
by the shiclded-are process. It has smooth lines and it has the ap-
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pearance which only castings had a few years ago. The housing was
made of ¥4-inch plate with the bosses varying from 14 to 24 inches
in thickness. Naturally it is quite a problem to cast such a housing
with thin sections on the side in which are also incorporated extremely
heavy bosses.

The table for a broaching machine shown in Figure 4 is an example
of a welded product which would be difficult and expensive to produce

Ficure 5. View of bottom row of forming rolls, the upper roll housings having
been removed at the time this photograph was taken.

in small lots by conventional methods. Note the diffcrence in the
thickness of the various sections. This was always a problem until
welded construction made it casy. The advantages in fabricating this
table from plate lie in the different types of worktable required, for
almost every table is different in some respect from previous ones built.

Because of its advantage in manufacturing processes, steel plate
cut by the oxyacetylene torch and welded together electrically is re-
ceiving more and more attention from engineers and designers.

The mathematical analysis for situations where machinery, proc-
esses, material, and factory procedures are changed, involves more
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entries on the balance sheet, but the method is essentially the same
as the one used in Figure 1.

The demand for certain materials often forces a change in the
method of production in order to lower the cost and improve the
quality.

Ficurs 6. Note contour of top rolls.

Welded steel tubing?® has been in use for many years, but the
methods by which it is made today differ considerably from the early
processes. The use of welded steel tubing was greatly stimulated by
the large-scale manufacturc of bicycles, and the bicycle industry is

8 “Steel Tubing Made by Resistance Welding,” Charles O. Herb, Machinery,
Vol. 44, No. 1, p. 3.
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still an important consumer. When the automobile and airplane in-
dustries became large users of welded steel tubing, their rigid demands
for quality led to the improved manufacturing methods now in usc.

In the tube-forming process, the flat stock is first fed through rolls
which gradually shape it to the form of a circle. Then the butted
edges are welded together to make a continuous tube. Tubes up to
16 inches in diameter, with a wall thickness of 14 inch, are made by
the same method. The strip stock is received in
coils from the steel mill and trimmed accurately
to the width necessary for shaping to the re-
quired diameter. The stock first passes through
a pair of driving rolls and then through a series
of forming rolls that produce the tubular cross

section. As each coil of stock is used up, the end
. is welded to a new coil so that the feed is con-

tinuous.

At the beginning of the operation, the bottom
rolls are shaped as illustrated in Figure 5 and
the top rolls are just the opposite, as shown in
Figure 6. However, the final forming rolls are
of the same contour, top and bottom. In passing
through this series of rolls, the stock is curved

. gradually in the manner illustrated diagram-
Figus 7. Diagrams 0 tically in Figure 7 until a concentric tubular
illustrating the suc- . . .
cossive steps taken in shape is obtained. When the tubing leaves these
transforming flat stock  rolls, there is space of about 144 inch between the
into tubing. butting edges.

The butted tubing is now drawn through the
welding section of the machine illustrated in Figure 8. As the formed
tubing approaches the welding unit, it is guided in line with the clec-
trodes by a steel blade which enters into the space between the un-
welded edges. When the tubing passes under the electrodes, current is
automatically applied, traveling from one electrode to the other across
the tubing, creating heat through the resistance offered to the flow of
the current. At the moment that the current is applied, the side rolls
B, Figure 8, exert sufficient pressure to bring the heated edges together
and form a welded joint. A second pair of rolls, similar to rolls B, sup-
ports the welded tubing at the sides after it leaves the clectrodes.
Directly below the electrodes, the tubing is also supported by a pres-
sure roll 4.

Various tests are performed to make certain that the tubing has
the required physical properties. For instance, the specimen in the
middle of Figure 9 has been expanded outwardly at one end by means
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of rolls and flanged back, without tearing or cracking the tube at any
point. The example at the left has been crushed endwise without
fracture, and the specimen at the right has been flattened sideways.
Drop Forging versus Steel Casting Analysis. The change from the use
of a steel casting to a drop forging usually involves some engineering
changes. These two methods of producing parts in steel differ so

Electrodes
HE
— 10—
.__.E }—
—— 1+—
— 11—
=lw
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B Pressure Rolls
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A

Freure 8. Diagrams illustrating the application of rolls on both sides and be-

neath the electrodes that force the heated tube edges together to form a weld.

The view at the right shows the method of applying planishing rolls for smooth-
ing down the weld flash.

widely that slight changes may be necessary in the original design of
the picce. Since draft allowances arc in different places, and since
drop forging requires seven degrees instead of the one or two degrees
needed in foundry castings, the holding fixtures, jigs, and other ma-
chining equipment may need certain changes.

Morcover, the adoption of drop forgings would involve the design
and manufacture of the nccessary forging and trimming dies. At
times, owing to low production, the expenditures for new tooling and
necessary changes in old tools and jigs cannot be justified, even though
forgings cost considerably less than steel castings on a pound basis.
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When the product has been developed sufficiently to have a stable
demand, or when it is no longer necessary to change design frequently,
the use of drop forgings may be more economical than steel castings.

When forgings are used, they gencrally are made in rather large
lots, because of high setup costs and the large number of pieces forged
per hour. Whenever parts are made faster on one operation than on
another, it becomes necessary to store temporarily the output of the

PRI

Fiaure 9. Physical tests for weld quality.

first operation. This storage function involves an additional expense
. for interest, taxes, and storage charges which usually are higher for
forgings than for castings.

The difference in cost between steel castings and steel drop forg-
ings is a question of balancing the various costs incurred with each
material. Due consideration must be given to the effect that quantity
has on these costs.

The cost of engineering changes should be spread over the number
of pieces which are to be made with the new changes. This will some-
times require an estimate. For conservative action the costs of tools
should not be spread over more than a one- or two-year period. For
products of a novelty nature, the engineering costs should be charged
off as quickly as possible. Careful judgment is necessary in estimating
how many units of the product should be used to absorb the engineer-
ing charges. If serious mistakes are made in the distribution of costs
to each unit, the final results also contain mistakes and the economic
action taken may be wrong.
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Machining operations are about the same whether forgings or cast-
ings are used. In somec material substitutions machining operations
and costs are quite different, which, of course, should be taken into
consideration in the final sclection of the material.

Formulas ¢ have been developed to calculate the production rate
which is necessary for a new material to compete economically with
an older material. Generally, however, formulas must be constructed
to deal with a specific problem. For a more gencral application,
which allows the inclusion of different costs as they are encountered
in a speeific case, the “balancing of cost” method illustrated in Figure
10 is recommended.

In the cconomic balance sheet shown in Figure 10, all pertinent
costs for each material are listed and added together algebraically to
show where the break-even point lies. Some of the costs cannot be
expressed directly in dollars; they must be expressed as a function of
N, which is the number of pieces which must be made per year in
order to have the cost of the suggested new material break even with
the cost of the old material.

For instance, interest, insurance, and taxes are based on the length
of time it takes to use up an ordered quantity of parts made from
any of the several materials. If N pieces are to be made during the
year, then the annual cost of interest, insurance, and taxes as derived
above can be divided by N to get the cost per piece.

N thus represents the unknown number of pieces needed to break
ceven. N appears in Figure 10 whenever the unit cost is desired and
the total or annual cost is known.

Any extra costs such as additional machinery required for a new
material can be placed as a charge per piece based on the ordinary
capital and operating costs for the machine and the number of pieces
to be run during the considered time. Each extra cost should be cal-
culated on a per picce basis and included for the final analysis in the
additional items 17 and 18 in Figure 10.

Problem Worked as an Example in Figure 10. The statement of
the problem analyzed in Figure 10 is as follows:

The gross weight of a steel casting is 7 pounds. The gross weight
of a drop forging to replace it is 8 pounds. The finished net weight
of the part is 6 pounds after all machining is completed. Steel cast-
ings of this type cost 15 cents per pound though drop forgings to re-
place them cost only 6 cents per pound. The steel scrap turnings are

1 Economic Control of Engincering and Manufacturing, F. L. Eidmann, Mc-
Graw-Hill Book Co., 1931, pp. 88-89.



BALANCE SHEET FOR SELECTING ONE OF SEVERAL MATERIALS WHICH
CaN BE Usep FOR A GIVEN PART

(when processed by different machines and methods which involve

different combinations of cost)

Part Number 3041 Part Name Gear

Mat. A. Drop Forging Mat. B. Steel Casting Mat. A. Mat. B.
1. Cost per pound for piece ready to machine $0.06 $0.15
(Does not include item 9)
2. Gross weight per piece (Ib.) 8 7
3. Gross material cost per piece 0.48 1.05
4. Weight of scrap produced per piece when machined (lb.) 2 1
5. Value of scrap turnings per pound 0.005 0.005
6. Recoverable value of scrap from each piece 0.01 0.005
7. Net cost of material per piece (item 3 — item 6) 0.47 1.045
8. Number of pieces produced per year N
9. Cost of engineering changes to use new or sug-
gested material 615.00
10. Engineering charges to be amortized in 2 years
11. Cost of engineering charges per picce
item 9 615.00
T o 0
item 10 X item 8 2N
12. Number of pieces ordered per purchase or manu-
facturing order 600 25
13. Annual storage charge based on maz. or av.
demand for space to store (item 12) @ $0.0!
per piece per year 6.00 0.25
14. Annual storage charge per piece produced per
item 13 6.00 0.25
r Dutid bdiad
Year fem 8 N N
15. Annual interest, insurance and taxes @ 7 % on
item 12
averagestock carried (0.07 X item 7 X rem ) 9.87 0.91
16. Annual interest, insurance, and taxes per piece 9.87 0.91
produced per year —N— N
17.] Any other pertinent unit costs (such as extra
18.§ machining costs)
19. Total costs per piece 393 37 1.16
(sum of items 7, 11, 14, 16, 17, 18) 0.47 + N 1.045 + ——
20. Break-even point occurs where total costs forboth
materials are equal (item 19A = item 19B)
323.37 1.16
047 + ——— =1. —_
or + N 1.045 + N
N = minimum number of pieces to be produced
per year to make material A break even with
material B. If more pieces are produced, the
use of material A will show a profit. 560 Pieces
21. Number of pieces to amortize engineering costs
spread over 2 years = 1,120 Pieces

Figure 10
98
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worth $10 per ton. The adoption of drop forgings will mean an out-
lay of $615 for tools, dics, and other enginecring charges. This
expense must be recovered in two years. Drop forgings must be
ordered in lots of 600 picces in order to get the 6-cent price. Castings
can be ordered in lots of 25 picces. Interest, insurance, and taxes
combined are 7 per cent of the average stock on hand. Storage charge
is 1 cent per year per piece. How many forgings must be made dur-
ing the estimated cconomice life of the proposed tools and equipment
to break even with the cost of the same number of castings?

Basis for Storage Charges. Frequently, storage charges can be based
on the space required by the average number of pieces on hand, but
sometimes the space required for the maximum number of pieces on
hand must be used as a basis of cost because the space relinquished
by the stock being gradually removed is not always available for
other material. When a new order is received, the stock again be-
comes a maximum, and, if the space is not available to store it, some-
thing must be moved to make room for new incoming stock.  Sinee
it usually costs more in labor and damage to move this stock from one
place to another, it may be cheaper to set axide space for the maximum
quantity to be stored rather than the average.

Storage space and the charge per year per part stored is caleulated
to find the charge per square foot of net storage space. That is, all
space used for aisles, desks, stairways, elevator loading, and unloading
in the storeroom is not classed as storage space. The total cost of
maintaining space, including all the items of heat, light, rent, and
janitor serviee, is divided by the number of square feet used for actual
storage in bins, boxes, and piles.  This charge per square foot includes
all space from floor to practical storage height.  If a part is stored in
one of four bins, each 2 feet high over all, then the space chargeable
to that part is only onc-quarter of the floor area of the bin. The
practical height for storing fifty-two gallon barrels of oil is only the
height of one barrcl. However, if tiering trucks arc used, this prac-
tical height is restricted only by the ceiling or the floor-loading limit,
whichever one comes first.

Materials arc an important part of the prime cost in most indus-
tries. Their importances justifies further discussion and analysis in
Chapters VIT and XIX and in parts of Chapters IX and XII.

QUESTIONS FOR DISCUSSION AND PROBLEMS

Sufficient data is given for each problem, but the student must exercise
his ingenuity to use this data for solving the problem.
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1. In a large commercial bakery, what are the most important properties
the baker must consider when he selects materials to develop a new type of
bread?

2. Assume that this large bakery, in Problem 1, has an industrial engi-
neer. What problems do the materials used in a bread bakery present from
a materials handling, processing, storing, aging, and sanitary standpoint?

3. Name, discuss, and classify all the materials used in a furniture factory
which makes only school classroom chairs. Assume that a physical inventory
is being made and all material must be classified.

4. A firm would like to use a brass, hexagonal, standard, national fine
series thread ®e-inch brass nut if the added cost over a steel nut is not more
than 5 per cent. These nuts are to be made on an automatic screw machine
which costs $0.30 for labor and $1.00 for overhead per hour. Production is
150 pieces per hour for steel. Use current local metal and serap prices. Is it
feasible to use the brass nut?

5. The gross weight of a part made from steel is 0.3 pound. The %-inch
bar is turned in an automatic screw machine with a loss in weight of 35 per
cent. The steel parts have been produced at the rate of 45 pieces per hour.
In a campaign to lighten the product which contains ten of the above unitx,
the designing engineers have decided that aluminum or Dow metal ean be
used for this piece if the prime cost for the ten pieces is not inereased over
10 per cent. Labor cost per machine hour is 80.35. Overhead cost per ma-
chine hour is $1.25. Use current local district metal and serap prices. T
the weight reduction program within the economic limits set?

6. The gross weight of a steel casting is 10 pounds. The gross weight of
a drop forging to replace this steel casting is 11.5 pounds. The net weight
of the finished part before it becomes a part of any subassembly is 7.5 pounds.
Local steel foundries have been furnishing the steel casting for $0.145 per
pound delivered but with the right to buy all the steel serap and turnings at
$6.00 per ton. Drop forgings have been offered as a substitute for the steel
casting at a conditional price of $0.05 per pound f.o.b. Forgingtown, with a
$0.35 per 100 pounds freight added to get the forging to the machine shop.
In addition, the scrap and turnings are now subject to market price. The
local steel foundry will use them if it can buy for $6.00 per ton. The market
price at the nearest steel mills is $10 per ton delivered, and the freight rate
is $2.50 per ton to the mills. To use forgings in the plant, it is necessary to
make changes in jigs, fixtures, and drawings which will cost $325. Since the
forgings are a part of a product which has annual model changes, these
charges must be absorbed in one year to be conservative. Forgings must be
ordered in lots of 600 to get the $0.05 per pound price. If 200 pieces are
ordered per lot, the price becomes $0.055 per pound. Castings can be ordered
from the foundry as needed with twenty-four hours’ notice. Annual rate of
interest, insurance, and taxes is 8 per cent. Annual storage charge per forg-
ing is $0.0125. Can forgings be justified if 1,000 units are to be made during
the next year?
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7. What type of materials can tend to have their storage charges based
on the average amount of stock on hand? What type of materials arc stored
in such a manner as to make it expensive, if not impossible, to reduce the
storage space as the product is gradually used?
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CHAPTER VII
ORDERING, RECEIVING, STORING, AND ISSUING MATERIALS

An absolute necessity in production control is to have all materials
on hand when they are needed. The lack of %-inch nuts on an auto-
mobile assembly line will hold up production just as much as will the
lack of engines or bodies. It would be desirable, although it is seldom
possible, to have everything arrive in just the right quantity and
quality on the day it is needed for fabrication. Since such ideal
conditions occur only in a theoretical paradise, it is necessary to carry
stores of various materials to provide a bank for emergencies.

Purchasing and Production Control. Most progressive manufactur-
ing companies have a central buying department with full and com-
plete authority for acquiring all supplies and materials used by the
company. The purchasing department must necessarily be in close
contact with the manufacturing division, but it is seldom subordinate
to it. In some small plants, the buying is often done by the treasurer
or some other regular officer of the company, but it is not considered
good practice to make morc than one man responsible for the actual
purchasing.

Production control usually determines the quantity of production
material needed and fixes the sehedule for its delivery. The informa-
tion concerning the need for materials may come from several sources;
however, the usual and most reliable source is the inventory control
record (sce Chapter XIX). This record attempts to control the
quantity of any part or material within certain limits to reduce ex-
cessive inventory charges on one hand and shortages on the other.
There are several methods of inventory control in current use depend-
ing on manufacturing conditions, but, regardless of the method, a
purchase requisition (Figure 19 in Chapter XVIII, and Figure 1 of
this chapter illustrate two types) is prepared by production control
for the purchasing department when additional materials for produc-
tion are to be brought into the plant. This requisition must be released
to allow the full purchasing lead time nccessary for orderly purchases.

When production control causes too many emergency purchases, the
102



INFORMATION FOR PURCHASING 103

exeess cost of such purchases is a legitimate charge against the pro-
duction control department account.

Information for Purchasing. It has been said “No man’s judgement
is better than his information.” Buyers need as complete information
as possible on all factors affecting the production, quality, and cost
of any materials to be used. This information often is detcrmined
by design engineering or by the specification writer. If the drawings
and other engineering data sheets do not give complete information,

— UNITED STATES AIR CONDITIONING CORPORATION

REQUISITION ON PURCHASING DEPARTMENT

O -

DATE OF REQUIBITION — DATE rEEDED

PLEASE PURCHASE THE FOLLOWING ITEM

PROOUCTION 1TEMS Oy (GIVE COMMETE 8rRCIFICATIONS)
QUANTITY  PART NO MATERIAL NO OESCRIPTION

PO Ru— v o

FOR ACCOUNT wO

Fieure 1. Purchase requisition for a single item.

it should be supplied as soon as possible. The following information
should be complete and clearly stated on all requisitions:

1. Accurate specifications and descriptions of what is wanted.
2. Actual quantities needed during a stated period and a schedule of de-
liveries if partial shipments are desirable.

2.1 Factory schedules are usually based on these delivery dates, so they
should be truthfully stated by production control and carefully fol-
lowed by purchasing.

3. Name of department or stockroom where material is to be used or stored.

3.1 This is for the benefit of the receiving group so that they will know
where to deliver the goods when it arrives.

4. A list, if possible, of acceptable and reliable vendors, especially if the
requisition is for an unusual purchase.

The purchasing department should have permanent records to show
the following facts regarding the items regularly purchased:
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1. A record showing the past history of all former purchases for each regular
item to provide a guide for future action.

1.1 If possible, the vendor’s production cost of each item should be on
record so that the buyer will know values.

1.2 The normal spread between production cost and price of the class of
goods should be on record to aid the buyer in making intelligent
purchases.

1.3 The record of each vendor should be kept on his delivery promises
for past orders.

131 This is important when inventories are carefully controlled to
avoid disappointments in deliverics.

Since conditions are constantly changing, care is necessary to keep
the purchasing information up to date. The purchasing record should
be posted for each purchase. Trade publications, trade associations,
statistical services, government agencies, and vendor’s agents are all
useful sources of live information for the files. Statistical and cata-
logued information, however, is useful only as an additional tool for
the use of skilled, experienced buyers.

Growth of Centralized Purchasing. Modern purchasing is the out-
growth of a system under which clever trading and often sharp prac-
tices were considered desirable. The purchasing agent was a man for
the vendor’s agent to circumvent by means fair or foul. Elbert Hub-
bard once satirized the system by saying, “The typical buyer is a man
past middle life, spare, wrinkled, intelligent, cold, passive, noncom-
mittal, with eyes like a codfish, polite in contact, but, at the same
time, unresponsive, cool, calm, and damnably composed as a concrete
post or a plaster of Paris cat; a human petrification with a heart of
feldspar and without charm; or the friendly germ, minus bowels, pas-
sions, or a sense of humor. Happily they never reproduce, and all
of them finally go to Hell.”

Fortunately for business and the pleasure there is in it, industry
today has developed- purchasing organizations, which, instead of in-
juring business by unfair and sharp practices, are making a conscien-
tious effort to build good will and good business by mutual considera-
tion and fair practices.

Purchasing by Specification. Modern purchasing is concerned with
merchandise that has heen carefully specified. To be of any value,
specifications must be complete, unambiguous, and accompanied by
drawings or other pictorial matter when necessary. If the require-
ments are technical, they are prescribed and drawn up by the en-
gineers or other scientific men responsible for the product’s perform-
ance. Sometimes national societies such as the American Society of
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Mechanical Engineers, American Chemical Society, American Stand-
ards Association, or others, may have standard specifications for ma-
terials such as boiler steel or a chemical’s purity. There are also
design standards. If special equipment or tools are nceded, complete
drawings may accompany the purchase requisition, and usually a
standard performance in service tests is required before the goods are
accepted and paid for.

Some materials are difficult to buy by specifications alone. If the
purchaser assumes that his specifications are complete and the mate-
rials or goods perform unsatisfactorily in service, the vendor is not
responsible if the original specifications have been met. Such ma-
terials as lubricating oil, cutting compounds, heat-treating compounds,
soaps, paints, tool steel, boiler compounds, sweeping compounds, coal,
leather, and many others are difficult to describe by words or pictures.
Sometimes even the best-known specifications for some materials fail
to insure satisfactory performance of the material. Since satisfactory
performance is the ultimate requirement of any industrial material,
it is sometimes unwise to rely on written physical specifications only.
Often the requirement of performance tests and records in addition
to written specifications would provide better materials for particular
uses.

Low Price Is Only One Factor in Good Purchasing. It is not enough
to consider only the purchase of raw material for delivery to the
stockroom. Whenever any manufacturing operations are to be per-
formed on a material, the final cost must include all additional ex-
pense incurred by needless work expended to make a cheap material
usable. Castings with hard spots and blow holes in them often can
be purchased for less than sound, soft castings from a good reliable
foundry, but extra machining costs, lost time, and scrap expense will
more than offset any apparent saving in the purchasing department.
A foundry superintendent ordered some asbestos board plates of a
particular kind made especially for core oven plates. The purchasing
department made an apparent saving over the estimated price by
ordering an ordinary asbestos board which warped badly after several
batches of cores were baked on them. The apparent saving became a
loss because the material originally called for was finally purchased
to provide a satisfactory core plate. The cost of material, supplies,
tools, or equipment must be calculated by considering all costs in-
volved in their use for producing a satisfactory final product.

Purchase Followup. The purchasing department is not only re-
sponsible for placing orders at the lowest possible price consistent with
decent consideration of their vendors and final cast of product, but
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the material must arrive not too long before and certainly not after
a fixed date. Since this phase of the purchasing problem is intimately
connected with the inventory control, it can seriously upset a planned
system if not properly conducted. Consequently, a followup system
is often used where purchasing is controlled by high turnover methaqds
The followup system varies from a simple tickler file where vendor
promises and deliveries are checked shortly before they are duc to
arrive, to an elaborate checkup on all phases of the vendor’s activities
in getting ready to deliver the order. In the most elaborate systems,
the vendor is asked to notify the followup section: (1) when the
order is received; (2) when (if it has to be manufactured) the order
enters the shop, and, in some cases, when it has completed certain
phases of its manufacturing cycle; and (3) when it is shipped. In
addition, shipping data should include the quantity, the car number,
and train, or it should indicate whether the goods were shipped by
other means of transportation. If everything goes closely according
to a prearranged schedule, the followup system has little to do except
watch incoming reports from vendors, but, if trouble develops in ful-
filling this schedule at any point, immediate action is necessary to
prevent shutting down some portion of the plant. This highly coordi-
nated attempt to keep inventories down to a bare minimum some-
times looks foolish to the old-style plant management with many
months’ supply of all materials safely on hand for any emergency.
When a car of materials which is due the next morning to supply
operations for that day develops a serious hot box during its trip to
the plant, it may be dropped off at a convenient siding; the followup
section is notified and a man may be dispatched with a company truck
to the location of the delayed car to get sufficient material to carry
the operation until the supply becomes regular again.

Naturally, the law of diminishing returns can set in quite severely
here unless the economic results (in less inventory) are critically
checked with the costs over a period of time with this technique.

Expense of Delayed Materials. Delayed material may cause con-
siderable extra expense for fast transportation of heavy goods; for
overtime work on parts when they finally do arrive in the shop; and
for process inventory costs on those parts already in the shop and
waiting for the delayed material. Promised delivery dates are broken
and, even if the customer can be persuaded not to cancel the order,
the finished part may have to be shipped by the fastest method, the
extra cost of which is borne by the producer. Good production con-
trol will prevent most of this difficulty and also at the same time will
eliminate an unnccessarily large investment in inventory.
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Minimum Cost—Purchase Quantity. It is beyond the scope of this
book to discuss the details necessary for routine operation of a pur-
chasing department. We are more interested here in techniques and
economic considerations to determine the proper quality and quantity
of material to give the lowest over-all cost of the finished goods.

Before placing an order, a purchasing agent must consider not only
price but quality, delivery date, and quantity to be delivered. If the
order is delivered too late or if the quantity is too large so that stor-
age, interest, depreciation, and obsolescence charges increase the unit
cost, the purchasing department is not doing a good job. On the
other hand, if too small a quantity is purchased, the procurement
charge will increase the unit cost. The purchasing department must
steer a course between extremes where judgment and experience can
often be aided by a mathematical treatment of the quantity to be
bought. This problem is difficult to handle by the balance sheet
method. It is far easier to develop the formulas by calculus and use
the simple equations thus developed. Where the style element is of
little importance, the material often is more or less standard. The
work of the purchasing department consists largely of replenishing
stores by means of reorders. Here, one of the main problems is how
much to order. If the quantity is set by haphazard methods, there is
no guarantee that the minimum cost per unit has been achieved.

INVENTORY RELATIONSHIPS FOR PURCHASED MATERIALS

Figure 2 shows the relationship between the order point O, the point
C where serious expediting must be done if the order has not been
received, and the average use line AB. These relationships are shown
theoretically for a logical approach to the problem, with the minimum
of variables.

The stock O is theoretically used during the lead time. However,
since the procurement period of the lead time may not always be con-
sistent with all materials, it is necessary to carry a reserve stock R
which is a function of the quantity O, (or see below).

Minimum and Order Point Stock Levels. When the actual physical
stock on hand or the stock available for future orders? falls to a pre-
determined level O, a purchase requisition is originated in production
control. The amount of stock on hand at point O depends on the lead
time and the rate of consumption. Expressed mathematically it is
O=TU, where T is in years.

1 Depending on the method of inventory control used (see Chapter XIX).



108 RECEIVING, STORING, AND ISSUING MATERIALS

The reserve stock R can be expressed as a function of the stock
quantity O which is used during the lead time; in some plants, R may
be expressed as one or several normal weeks’ supply. Thus R may
vary from 10 per cent to 200 per cent or more of the stock O, depend-
ing on how consistent the procurement time is for the particular ma-
terial. The most practical method of determining the reserve stock
quantity is to have the stockroom report the amount of stock on hand

Normal maximum B
H
@ Order quantity
£ 0
£ ororderpoint ¥ N\
S
equisition
Order stock O, and order -] ¢ Critical
Normal minimum time point A
T ——I —Procurement time _-l
R tock R
Zese rves <—'t'§:g—>-<—-Average time to consume order
ero
fe T' = % >
Time —

Fiaure 2. Theoretical relationships between the variables that affect purchasing.

when the purchased quantities arc received. If the reserve is gone or
dangerously low, it should be increased. On the other hand, if the
reserve is considerable when the new shipment arrives, it can be re-
duced. Care must be exercised to keep the reserve as low as possible
to prevent having inventories higher than neccessary at all times (see
Chapter XIX).

Economic Purchasing Quantity. The economic quantity to pur-
chase, Q in Figure 2, can be determined theoretically as an aid to the
judgment of the buyer. The problem of economic purchasing and
manufacturing lots or quantities are quite similar (sce Chapter XX).
These problems can be approached by the tabular, the formula, or
the chart method. The tabular method is time-consuming because
the answer is not known until a number of possibilities are explored.
The formula method is developed from the maximum and minimum
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concept of the calculus which provides an answer in one calculation.
However, any answers should be carefully scrutinized to be sure that
all pertinent factors have been considered. A common example,
shown in this chapter, will illustrate this point.

None of these methods ean be used blindly for several reasons. If
the economic quantity will spoil, become obsolete, or require addi-
tional space built to store it, then these or other factors may be more
important. Whether the tabular, formula, or chart method is used,
certain facts must be known about the material to be purchased.

1. Estimated amount used per year.

1.1 Estimated maximum used per day.

1.2 Estimated minimum used per day.

2. Inventory carrying charge, based on the average rate other capital has
carned in the business as a whole, plus any interest, taxes, insurance, and
unusual depreciation or obsolescence losses.  (See page 440.)

2.1 Does this carrying charge vary with the product?

3. Estimated procurement cost for each purchase order.

3.1 This includes such items as the expense of originating the purchase
requisitions, and the time spent by major executives in consummating
the purchaxe and by buyers and clerks in investigating markets,
securing bids, and placing purchase orders. In addition, the time
and money spent in following up the order, the expense of receiving
and inspecting the goods, and the final expense in closing up the
vendor's invoice accounts should be included in the procurement cost
because all these costs are incurred when a purchase order has been
released. The determination of this cost involves a fact-finding
analysis which finds all the costs involved and divides the amount
by the purchase orders written during the period. When the aver-
age procurement cost is thus determined, it will be more or less con-
stant until conditions change materially.

One division of the General Aniline and Film Corporation arrived at
an average purchase order cost of $4.34. During the period studied,
850 orders were placed. The orders ranged from $60,000.00 to
several dollars. These costs included only the purchasing department
expenses. The additional cost of receiving and inspecting the pur-
chased goods and paying for their invoices involved an additional
$10.32 per purchase order. Thus each purchase order involved a pro-
curement cost of $14.66.
4. Estimated storage per unit per year.

4.1 Storage charges often are important enough to be included in the
calculation of the economic purchase quantity. If space is at a
premium and if released space can be and is used for other purposes,
then space requirement differentials become economically valuable
and should be considered. However, if released space is not used for



110 RECEIVING, STORING, AND ISSUING MATERIALS

other purposes or if the total released space is not sufficient to, say,
close off a room or floor and thus save on heat, light, and other
services, then nothing is saved by such release. Some formulas base
the storage charge on the average number of pieces in storage. If a
bin or floor space has been assigned for the storage of a unit, often
it is not feasible to constrict the storage space as the inventory de-
creases. Thus the charge for storage space should include the space
needed for the maximum inventory. TIf the space released, as the
stock inventory is reduced, can be profitably used for other purposes,
then the average stock inventory can be used for calculating the
storeroom charge.
5. Estimated unit price.
5.1 This price often varies with the quantity purchased.

Tabular Approach for Economic Purchasing Quantity. The tabular
approach requires additional calculations such as procurement expense
per unit, average inventory carried when different quantities are pur-
chased, the value of the average inventory, and the purchase cost of
a year’s supply at the different unit prices.

Table 1 illustrates one method ? of tabular approach for the solution
of an economic purchasing quantity. It is self-explanatory and the
totals at the bottom indicate that purchasing orders for 500 units at
a time would provide the lowest over-all cost for the year’s require-
ments under the stated conditions.

Use of a Formula for Economic Purchasing Quantity. The common
variables used in many economic procurement studies involve the
average investment in the controlled inventory, the various charges
against inventories which are usually measured in percentage, and the
charge for storage space which is often determined by the maximum
inventory carried (see page 439). The items can casily be set up i
an equation which states the relationships. The following simplificd
derivation is used as an example of how this may be done.

Q = economic purchase quantity.

C = purchase price per unit (includes vendor’s price plus freight to
plant).

A = procurement cost per purchase order (includes all purchasing,
receiving, inspection, and invoice payment expenses divided
by the number of purchase orders written for the period, say,
of 6 months). See page 109.

I = sum of annual rates (in decimal form) for simple interest, insur-
ance, taxes on inventory (if any), plus average return earned
by other capital in the business. See page 440.

2See Chapter XX, p. 448, for another approach to the tabular method.
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reserve stock, which is the number of pieces or quantity in stock

R

when the new purchased quantity enters the plant’s inventory.

It is purely a safety factor and is often set in terms of one or

several normal weeks’ supply (see page 108), or as a percentage

of the order point quantity.
storage charge per unit per year, usually based on the maximum

S =

quantity stored. See pages 109 and 439.

number of units used per year.
Y = total cost of one year’s supply.

U=
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Then

Average stock on hand = R + %

Maximum stock to be stored = R + @ (see page 110)

A
Total delivered cost per unit = C + a

Thus
. A Q
Average investment in inventory = (C + —Q- R 4+ B

A
Inventory charges per year included in I = [ (C + 6)<R + %)

Storage charge per year = S(R + Q)
The total cost of a year’s supply

Y = U(C+%)+I[<C+%)(R+%>]+S(R+Q) (1)

or
UA ICQ TAR IA
Y=UC+—+ICR+—+—+—+SR+8Q (2
Q 2 Q 2
dy UA IC 1IAR
dq Q? 2 Q?

Y is a minimum when dy/dq = 0

+8

or
UA + IAR _IC+2S
Q@ 2
@ = 2UA +2UAR
I1C 4+ 28

0- RUA + 214R .
B IC + 28 '

Limitations of the Economic Purchase Quantity. Neither of these
two methods of determining economic purchase quantities should be
taken too literally; they are intended as a supplement to executive
judgment rather than as a substitute for it. The final decision of the
quantity to buy ma