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PREFACE FROM SECOND GERMAN
EDITION

Four years have passed since the appearance of the first edition.
In this short space of time welding technology has advanced with
such rapid development that the first edition can be said to have
been superseded and to be out of date. I\S;: only have new equip-
ments and machines embodying considera Té“‘i'mprovements been
put on the market in the meantime, and not only have new processes
been developed, filler materials improved and their fields of applica-
tion extended, but in addition, due to thorough scientific research,
points of view have changed in many cases. Hence it appeared
advisable to undertake a complete revision and extension of the
book, and this has now been brought before the public.

In this revision, I have also kept in view the experience which
has been gained in the Welding Research Department of the repair
works of the German State Railways at Wittenberge, which is under
my charge. In addition it was necessary, to a great extent, to analyse
the current literature which did not exist during the preparation
of the first edition.

In order to limit the extent of the book, I have in most cases
only selected the results of other publications. The reader can look
up further details in the references given.

The comprehensive survey of the first edition has been retained
in the revised edition, so that the book not only offers to the welding
engineer an excellent survey of the field of welding technique, but
may also be used for the equally important training of the welder,

foreman, and welding student. It may also be used as a basis for
v



vi PREFACE FROM SECOND GERMAN EDITION

anyone desirous of instructing himself, and as a curriculum in
technical schools.

I hope that the new edition will obtain the same favourable
reception as the first edition. In conclusion I wish to express my
thanks to Dr. Ing. Matting, my colleague in the Technical Welding
Research Department, for his critical review of the manuscript.

P. BARDTKE.
WITTENBERGE,
October, 1931.



TRANSLATOR’S PREFACE

It is no exaggeration to say that in the field of engineering
technology the greatest single development which is taking place
to-day is in ‘‘ Welding ”.

Since the war every effort has been made to eliminate the rule
of thumb methods and the haphazard technique which have charac-
terized welding in the past, and the steady output of well informed
papers and research work testify to the increasing participation of
the trained research worker in this important branch.

Due to the greater degree of centralization which exists in
American and German welding circles, the results of new work are
more readily available to the welding engineer and operative than
they are in Britain, and practice tends to follow experimental work
much more closely.

For this reason a book by the Director of the Welding Repair
Workshops and the Welding Research Department of the German
State Railways should provide that combination of practical ex-
perience and theoretical knowledge which is to-day so necessary
when new applications of the technique are being considered or
when old methods are being displaced or improved.

In presenting a translation of the second edition of Professor
P. Bardtke’s book to those interested or actively engaged in Welding
work, I should like to mention that, during the preparation of the
English edition, the author revised certain sections of the original
second edition and amplified others in the light of the most recent

results. By indicating the more important gaps in our knowledge
vii
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and the lines on which development in the future is likely to take
place, he has ensured that the book will remain of valuable assistance
to the student, engineer, draughtsman, and operative for many

years to come.
H. KENNEY.

NORTON-ON-TEES,
September, 1933.
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PART I..—.WELDING PROCESSES

CHAPTER 1

Introduction

1. Historical Development of Welding Technology.

Up to a few decades ago, welding was understood to mean the
joining, under the press, of two pieces of iron which had been
heated in the fire to a plastic state. In other words, the only process
known was that which had been practised for centuries, the so-called
forge or hammer welding. Along with this, water-gas welding, in
which the water-gas flame replaced the smith’s fire as a source of
heat, appeared at the end of the previous century. In the foundry
another process was used which was termed the cast welding process
by technicians. This consisted of adding molten iron in a mould
provided with a runner at the point where the casting had not flowed,
or where a broken place had occurred. This iron was allowed to
run in until the iron round the edge of the article was fluid, and then
the runner was blocked up and the iron cooled in the mould. We
have already met the forerunner of our present-day fusion welding.
The process, however, was expensive and unreliable and was,
therefore, only used on a small scale in large foundries, when it
was hoped to reclaim a faulty article.

In the year 1887 the Russian Benardos, in St. Petersburg, suc-
ceeded in carrying out welds on cast iron, wrought iron, and steel by
means of the electric arc. He was followed shortly afterwards in
1889 by Zerener, and in 18go by Slavianoff, who also used the heating
effect of the electric arc for new processes for welding purposes.

* Although these inventions excited considerable attention, never-
,theless these beginnings of electric arc welding halted in their
development, since numerous faults and unsatisfactory welds were

1



2 WELDING PROCESSES

experienced, on account of faultily designt;d welding machines and
unsuitable filler materials. Consequently little was heard of electric
welding. In general, it was treated by a few welders as a secret art,
which they would not disclose to anyone under any circumstances;
electric fusion welding was not the common property of technology.

In the first few years of the twentieth century a new welding
process arose which, from the beginning, gave better results and
which thrust electric welding into the background. This was the
so-called autogenous welding.*

In the year 1892 acetylene was accidentally discovered in Spray
(North America). At that time it was exclusively used for illuminating
purposes. Shortly afterwards success was achieved in putting on the
market oxygen compressed in cylinders as a commercial commodity,
and attempts were made to fuse and weld iron by an explosive mixture
of acetylene and oxygen. Only the former was achieved since the
iron burned immediately and no union of the metal edges could
take place. Only in 19oo was the first torch, which was suitable for
welding, constructed in England. In the following years this process
developed quickly, torches were continually developed and the
quality of the weld improved, so that, in the early years of this
century, satisfactory welds of all kinds could be carried out.

At the same time, electric-resistance welding appeared. Even in
the year 1907, this process was used to a wide extent, in the plate
and light steel trades.

These new welding processes only blossomed forth and developed
during the war years, when people in all countries were compelled to
make damaged equipment once more usable in the shortest time.
Welding was also found to be very economical, since scarce metals,
which were necessary for carrying on the war, were thereby saved.

In these years there was not only considerable improvement in
fusion-gas welding and the plants and equipment necessary to carry
it out, but also in the construction of suitably designed and satisfactory
machines for arc and resistance welding. :

At that time welding, using the newer processes, played its most
important role as an accessory for repair purposes. It was soon '
recognized, however, that welding was sufficiently economical for
manufacturing new parts, in place of fire welding and riveting.

* The term was not well chosen. In a certain sense electric arc welding is also
autogettous welding. Consequently the term has now been altered, and, in accor-
dance with a suggestion of the Technical Welding Committee of the V.D.I.

(Association of German Engineers), the process is to~day termed * Fusion Gas
Welding ”.
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The technique of fusion and resistance welding, however, ex-
perienced a remarkable development during the war, and in the
last few years has extended into almost all fields of technology.
Independently of these processes, the aluminium thermit welding
process was developed in the years 1894 to 1910. This is based on
the property of aluminium of burning with oxygen like carbon-
containing materials, thereby developing temperatures which are
1850° F. (1000° C.) higher than those produced in the furnace and
which, therefore, make it highly suitable for welds of a special kind.

2. Definitions of Welding and of Welding Processes.

In view of the recent welding processes, it is now more necessary
to enlarge on the definition of welding than was formerly the case.
The question ““ What is welding?” has, therefore, been answered
by a sub-committee on ““ Definitions and Symbols ”* of the Technical
Welding Committee of the Association of German Engineers, as
follows: ’

“ Welding is understood to mean the joining of two metallic
articles of the same or different materials by the addition of heat,
in such a way that the junction zone of the members joined forms
as homogeneous a whole as possible.”

DEFINITIONS AND SYMBOLS OF THE VARIOUS WELDING PROCESSES
Definitions
Welding is divided into two categories:

1. Pressure Welding

The joining of articles in the plastic state by the use of pressure.
The following processes belong to this class:
(a) Forge welding (fire, water-gas).
(b) Electric-resistance welding (for short, R).
(¢) Thermit welding, in so far as it results in the heating of the
ends to be joined, only up to the plastic state.

2. Fusion Welding

The joining of articles in the fluid condition at the junction zone'
with or without the addition of suitable material. The following
processes belong to this class: ,

(a) Runner and riser casting processes.
(8) Arc welding (Benardos, Slavianoff, Zerener; for short, A).
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(¢) Fusion gas welding, oxygen with a gas (illuminating gas,
hydrogen, acetylene, &c.), as well as with liquid fuels in
the vapour state (for short, G).

(d) Thermit welding in so far as the heating causes the ends to
be joined to become molten.

Since the designer has to indicate clearly on the drawing the
welding arrangements which he uses, so that the workshop may work
to them without further explanation, symbols must be used which
clearly show these arrangements. It is desirable that any illustrations
on drawings should be identical for all offices. In different countries,
therefore, symbols for weld seams of different types have already
been standardized. As an example, the symbols for fusion welding,
which have been agreed upon by the German Standards Committee
in D.I.N., 1912, are given in the following pages. The natural
shape of the cross section is also shown by a symbol. In addition,
a distinction should be made between welds which may be seen
and those which cannot be seen.
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On weld seams without reun(orce-
ment straight lines are drawn in-
stead of circular arcs. e.g.

Fusion Welding LG
Weld Seams Welding Sheet 1
Title Standard lllustration Symbol
L[
Flanged Seam % M (r —;-+J
e —
| f e ¢ [
Butt I
s e E @ (I> <\
A
X-Seam ()|<) H
l NN
FulFilee | VY """ N [~~~ 1
¢ Seam
ontinuous =
v, v
Fillet ‘ ¢ 2
Seam
e am = =
Seam
Continuous -
a

'%BE

Meaning of Dimension ‘a’

In addition to the thickness ‘a’ of the weld seam (e.g. ¥”) the length m
of the weld seam (e.g. 8) may also be given as follows
AT
Illustration for Hidden Weld Seams W .

Examples of Application,
See overleaf

May 1932. Technical Committee for Welding Technology of the
Association of German Engineers

. w
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Examples of Application for Fillet S8eams

Fusion Welding

2
i~

Welding Te Sheet 1
Title Standard lHlustration Symbol
Flanged Edge Joint
Fillet Seam a% ﬁ e
ne Side W
Lapped Joint, Continuous Seam.
Fillet Seam =
One Side
0%
%a .
Both Sides u
a
Lapped Joint, Discontinuous Seam
Fillet Seam
One Side 1 { = .
ag as v,
“t
Fillet Seam
Both Sides /
ag
i

Continuous both Sides

Fillet Seam ﬂ.. --
One Side
Pa
b
Fillet S8eam,

(1) Only full Fillet 8eams have been illustrated. For light Fillet Seams the corre-
sponding symbols which relate to these are to be used
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Fusion Weiding 7e

Weld Seams Welding Sheet 2

Title Standard lllustration Symbol

NN

Full Fillet
8eam Dis- {
continuous | I'€

i

V'l \

{
az L/

. Light Fillet
Fillet A

Seam Dis-

Seam continuous

Full Fillet
Seam
Staggered

Elongated
Hole

Slot Seam

Circular
Hole

]
Mustration for Hidden Weld Seam 7,”,,,,-,”””*

Meaning of Dimension ‘a’ .
Examples of Application.
See overieaf
\

May 1932. Technica! Committee for Welding Technology of the
Association of GePman Engineers
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Fusion Welding T
Examples of Application for Fillet Seams Welding Shest 2
Title Standard lilustration Symbol
T Joint, Continuous Seam
Fillet Seam E |
A =
Fillet Seam M
Both Sides a a A ) aleo A
] —_—
T Joint, Discontinuous Seam
Fillet Seam A . ad
i |- ] [
lo— @ —olo—e —|
Fillet 8eam
Both Sides a\;( d-‘- -3/'_\0 ]
lo— @ —ote—e—={ af
Fsilflet Sea‘r’n J\ |
e
aggere: l ~
q.. ¥4 - <jo—0 — L z a ,{,z
T Joint, Discontinuous and Continuous Seam
Fillet 8eam {
Both Sides a E o ag g aI ad
Corner Joint, Continuous Seam
a q o
Fillet Seam
externally s i 1 R ;
Fillet S8eam
externally

and internally

7

(1) Only full Fillst S8eams have been illustrated. For light Fillet Oeum the corre-

sponding symbols which relate to these are to be used




CHAPTER 11
Fusion Welding

1. Welding Equipment for Fusion Welding.

According as the joining of the articles is to be carried out by
pressure welding or fusion welding, there are various means available
for producing the heat for the welding process. In addition to the
smith’s fire or oven, which is well known from the forge-welding
process, heat which is produced by the burning of water-gas with
compressed air or aluminium with iron oxide is also used in pressure
welding. In addition, there is the preferable source of heat which
is available from an electric current by utilizing the external re-
sistance of a conductor or the resistance set up by bridging an air
gap. In fusion welding, the heat is produced by the combustion
of various gases, preferably acetylene with oxygen, or by means of
an electric arc. In addition, there is also the process in which the
heat is produced by burning aluminium with iron oxide.

(a) FUSION-GAS WELDING
Welding Gases

In fusion welding, acetylene is preferably used as a combustible
gas and to a lesser extent hydrogen, coal gas (illuminating gas)
mixed with compressed air or acetylene, methane mixed with
hydrogen or acetylene, as well as benzol or benzol vapour all of
which are burned with oxygen. Blaugas has not proved suitable
for welding.

Oxygen (O) is the element which is most largely distributed
on our planet. It is contained in the solid earth crust, in water, and
in air.

Oxygen is obtaxned either by the electrolysis of water, or chiefly
by separation in the liquid state, from a.tmosphenc air at low tem-
peratures. The oxygen thus obtained is compressed in steel cylinders

0
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to 150 atmospheres pressure and put on the market. 'In this con-
dition, it always contains impurities to some extent, chiefly nitrogen.
The degree of purity amounts from g6 to gg9-5 per cent.* These
impurities have no influence on the welding process so long as they
do not exceed 2 per cent, but they have a considerably harmful
effect on the efficiency of the flame for cutting with acetylene or
hydrogen. A high percentage of oxygen is the most economical
for this purpose.

It has also been noted that the oxygen supplied in cylinders
often has a high water content. Consequently, not only is the weight
of the filling affected, but during the process of combustion the
temperature is reduced. Moreover, such cylinders suffer from rusting.
Therefore it is advisable to take care that oxygen is supplied in the
driest possible state.

By means of a new process which is closely connected with the
name of Dr. Heylandt, it is also possible to obtain oxygen in the
liquid state.

Considerable savings in transport and storage are, therefore,
made possible. In order to make the liquid oxygen suitable for
welding purposes it is transformed into the gaseous state in so-
called gasifiers.

Hence the dangers which previously existed in the transport
of oxygen in steel cylinders have been considerably reduced, and in
some respects entirely eliminated.

Acetylene (C,H,).—Acetylene is the most widely used gas in
fusion welding because, compared with other gases, it possesses
two advantages which make it especially suitable. These are the
high temperature of its flame which is not equalled by any other
combustible gas and which amounts to 5600° F. (3100° C.), depend-
ing on its mixing ratio with oxygen, and secondly, the reducing
action of its flame, which prevents the formation of oxide inclusions
which impair the weld.

Acetylene gas is a chemical compound of two parts of hydrogen
and two parts of carbon. It is produced from calcium carbide and
water.

Calcium carbide (CaC,), called carbide for short, is a compound of
calcium and carbon. It is a crystalline product of dark grey colour,
frequently occurring with ferro-silicon as an impurity. Carbide
combines with water, producing gaseous acetylene, and calcmm

® Rimarski, Kantner and Streb, ““ Influence of O Purity on cuttmg with
Oxygen and Acetylene > Autogma Metallbearbeitung, (’ . 21 (1928), p, 3.
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hydroxide is left behind as the remaining product. In consequence,
it must be rendered completely dry-before it is used, and protected
against dampness of any kind, including vapour from the air. It is
commercially handled in tightly closed shaped drums of 220" Ib.’
capacity, and in various gradings. Care must be taken, in storage,
to see that the drums do not stand in a damp place, since the dampness
might penetrate into a damaged drum and cause the generation of
gas and explosions. In addition, the drums must not be opened
with a flame or soldering iron because of the danger of an explosion.
The removal of the lid with tools which might cause a spark, such
as a chisel or caulking tool, may be dangerous.

One pound of calcium carbide and 56 Ib. of water yield 1-16 Ib.
of lime and -4 1b. or 55 c. ft. of acetylene, giving out 1782 B.Th.Uss.
In practice, this theoretical gas yield is not attained, since commercial
carbide is not chemically pure, and the generation of gas in practical
acetylene installations is not complete. For practical purposes, one
may reckon on a gas yield of 5 c. ft. from 1 lb. of carbide with a
grading of 15-18 mm. at 60° F. (15° C.) and 30 in. barometric
pressure, and on 45 c. ft., where the grading of the carbide is from
4 to 15 mm., margin of error 2 per cent.

Finely ground calcium carbide has been put on the market under
the name of “ Beagid > or *“ Karbidid . 'This is wrapped with a bind-
ing material and pressed into cylindrical vessels of about 3 in. diameter
and 4 in. long. It has the property that, when in contact with water,
it disintegrates more slowly than coarse carbide and this slows up
the generation of acetylene which does not occur so violently as
with carbide, so that when a low take of gas occurs, there is no
excess gas obtained. It is also possible to interrupt the gas take for
long periods without setting up losses of gas.

The price of the gas produced with *“ Beagid ” is almost the same
as that which has to be reckoned with in small acetylene generators.

The generation of acetylene from calcium carbide or “ Beagid ”
takes place in specially built generators which will be fully described
in succeeding pages. As a rule, acetylene is generated at the place
where it is to be used, but it is often taken from cylinders in which
it has been compressed at high pressure. '

These acetylene cylinders are subject to special regulations,
which are necessary because of the danger from acetylene standing
under high pressure. Acetylene itself, as long as it is not mixed
with oxygen or air, is not dangerous.' Mixtures of gas and air,
however, are explosive when there is ‘more than 2-8 per cent or
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less than 73 per cent of acetylene in ‘the mixture. For mixtures of
oxygen and acetylene the limits are still wider apart. At the saine
time, even if there is no mixture of air or oxygen, there is still the
danger of the decomposition of acetylene by heat or shock i.f acetylene
is brought up to a high pressure. According to Rimarski, the limit
of decomposition is about 1-6 atmospheres (23'5 Ib./in.%). Con-
sequently acetylene cannot just be compressed to a high pressure
and put into service in cylinders, but it must conform to special
regulations which eliminate the explosive decomposition of the gas
in all circumstances, even when ignited.

For this purpose the cylinders are filled with a porous filler
mass saturated with acetone. Acetone, like many other liquids, has
the property of dissolving gaseous acetylene. The solvent property
of acetone is specially high and amounts to 23 c. ft. of acetylene to
1 c. ft. of acetone at one atmosphere (147 Ib./in.?). The acetone
must be chemically pure and must contain no free acetic acid and
no water. Traces of hydrogen sulphide and hydrogen phosphide
must be avoided. For dissolving acetylene the cylinders, which
usually have a capacity of 40 litres (1-4 c. ft.), are filled to {4 of
their capacity with acetone. The filler mass has the property of
immediately damping down any explosion which is set up by heating,
shock or ignition, and preventing its development. Consequently
the filler mass must so fill the space in the bottle that there are no
cavities in which the dissolved acetylene can collect in the gaseous
state. Further, it must not settle in service owing to bumps, and it
must not leave the cylinder walls.

In order, therefore, that filler masses should afford absolute protec-
tion, they are governed by strict legal regulations. They may only
be put on the market after a series of chemical and physical tests
which are carried out in the Chemisch-Technische Reichsanstalt
(Chemico-Technical State Laboratory). Filler masses are classified
as loose, compressed, and solid, and usually consist of materials
such as wood charcoal, granular cork, asbestos, or diatomaceous earth.
Filler masses may only reduce the capacity of the cylinder by 23
per cent at the most. '

In this way it is possible to bring acetylene on to the market in
steel cylinders at a pressure of 15 atmospheres (220 Ib./in.2).

Hydrogen (H).—This is an element which, like oxygen, is present
on the earth in large quantities and appears in a multitude of com-
pounds. : S,

Hydrogen is obtained either like oxygen -by the electrolytic



FUSION WELDING 13

method from acidulated water or sodium lye, or by means of the so-
called contact process in which water vapour is led over heated iron.
Its production requires large quantities of energy.

Commercially, hydrogen is obtained like oxygen in steel cylinde:s
compressed to 150 atmospheres.

By mixing oxygen and hydrogen in a torch a point flame is
obtained at a temperature of about 4350° F. (2400° C.).

Hydrogen was the first gas used in welding in industry. Later it
was replaced by acetylene, which proved to be more economical,
on account of its higher temperature, so that to-day hydrogen is
only used for the welding of very thin steel sheets and easily melted
metals, especially aluminium, for which it has advantages in certain
cases.

Methane (CH,).—In order to utilize gas from coke ovens, attempts
have been made to weld with methane, a light hydrocarbon, which
has less tendency to explode than acetylene. The limits of decom-
position lie between 5 and 10 per cent of methane in an air mixture.
Although methane has a very high calorific value, it is unsuitable
for welding as a pure gas, as it has a combustion temperature of
only 3280° F. (1800° C.) and possesses a combustion velocity of
~one-tenth that of hydrogen. Since this velocity, along with the
quantity of the gas and the magnitude of its calorific value, con-
trols the temperature of the flame, methane is mixed with other
gases which have a high combustion velocity, and also a high
combustion temperature. Commercially two mixtures of this type
are sold under the name * Methane L~ and ‘ Methane B”.
Methane L is a mixture with hydrogen and has a combustion
temperature of 3630° F. (2000° C.). It is suitable for cutting
and lead burning and for the welding of thin aluminium.

Methane B is a mixture with acetylene and has a flame temperature
of 4890° F. (2700° C.). Compared with pure acetylene Methane
B is not very important for welding.

Bituminous Coal Gas.—Bituminous coal gas is obtained from the
distillation of coal. Its distribution as illuminating gas makes it very
cheap. It contains as combustible gases hydrogen, methane, carbon
monoxide, and heavy hydrocarbons. On account of its low com-
bustion velocity it is always mixed, either with compressed air or
acetylene. As long as illuminating gas is used for cutting thin plates
it gives a clean cut.

‘Benzine and Benzol Vapour.—Benzine and Benzol contain in
general liquid hydrocarbons which are vaporized in a special
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heating device and used for welding and cutting by combusting
them with oxygen. The vapours have almost the same flame tem-
perature as hydrogen and methane. Benzine and benzol vapours
are very unsuitable for welding thick plates, but are suitable for
welding thin plates and for cutting. As with illuminating gas, very
clean cut edges can be obtained. Because of the ease with which
the equipment may be handled and the cheapness of the fuel, they
are very well suited for general practical work. It must be borne
in mind, however, that hydrocarbons freeze at temperatures not
particularly low, so that their use in the open or in winter is difficult
and wasteful of time.

2. Welding Apparatus, Welding Equipment, and their
Accessories.

Welding plants and welding equipments are the decisive factors
in the success of welding. No one type of these is suitable for all
purposes. The standard of quality required in the weld seam, as
well as the cheapness of the work, demands an accurate choice of
the numerous good and excellent plants and equipments which
may be found on the market. Consequently a thorough knowledge
of these items is indispensable. We begin with a fairly detailed
survey of the equipment for fusion-gas welding.

| f]
lot L
Il L el 1 !

Fig. 1.—Lay-out of an acetylene welding plant

a, Acetylene generator; b, washer; ¢, gas-holder; d, purifier; e, main hyanuh'c valve;
£, steel cylinder for oxygen; g, torch.

It has already been mentioned that various gases and liquids
may be used as fuels in fusion-gas welding. For all welding processes
of this type, the production of the welding flame necessitates the
use of oxygen, which must always be available, compressed in steel
cylinders, in the plant concerned.

The source of gas and the accessories vary with the kind of gas
which is used. Fig. 1 shows an acetylene plant in which the source
of gas”is an acetylene generator a. The necessary equipment
consists of a gas-holder ¢, which is connected by means of a pipe
line to the washer 4. The acetylene gas which collects in the con-
tainer passes through the pipe line, by way of the purifier d, and
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into the main hydraulic valve e, to the stop valve, from which it is
led to the torch g, in conjunction with a further hydraulic valve.
The oxygen is led to the torch through a second flex, through a
reducing valve on the cylinder f.

The installation is much simpler when dissolved acetylene,
hydrogen or methane is used. In this case, in addition to the oxygen
cylinder & in fig. 2, only a second cylinder a, which contains one of
these gases, is necessary. Both cylinders are provided with reducing
valves through which the gases are led to the torch c.

a
c
d
a b
| L .

Fig. 2.—Lay-out of a welding plant using

gas from cylinders Fig. 3.—Lay-out of an illuminating gas

a, Steel cylinder for acetylene, hydrogen welding plant

or methane; b, steel cylinder for oxygen; a, Hluminating gas; b, hydraulic
¢, torch. valve; ¢, oxygen cylinder; d, torch.

Fig. 3 shows the illuminating gas welding plant. The gas supply
is the illuminating gas pipe a. Hydraulic- valve & is also necessary
as part of the equipment, and
this is coupled in between the
gas supply and the torch d.
The oxygen supply is, as
before, from cylinder c.

Finally fig. 4 shows a benzol
welding outfit. The cylinder a
supplies the oxygen which is
then conducted through a pipe  Fig 4—Lay-out of a benzol welding plant
to a distributing piece c, belong- ., 3;,?,%52';?;}23;":}33: iner for liquid foel;
ing to the container b,and then
through a further pipe to the torch d. The vessel b contains the liquid
fuel which is compressed into the fuel passage of the torch d, through
a spirally wound brass pipe surrounding the pipe feeding the oxygen.

Acetylene Generators.—Acetylene generators may be  divided
~ into ‘separate groups according to various classifications, viz. the
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size, the apparatus for which they are to be used, the pressure under
which they work, and the type of construction. As regards size,
generators are divided into (@) portable apparatus up to a carbide
capacity of 44 Ib., which may be used for temporary work in any
buildings (M apparatus); (b) semi-portable generators up to 22 Ib.
carbide capacity and up to 225 c. ft./hour output, which are per-
mitted in workshors under special regulations (J apparatus); (c)
large generators of more than 22 lb. carbide capacity which may
only be erected in special generator rooms and in the open air
(S apparatus). The use of the apparatus is also covered by regulations.

M apparatus is suitable for soldering work and illuminating
purposes. The question of its use for welding does not arise.

J apparatus will be used anywhere where the amount of work is
not very large or where welding is only carried out intermittently,
since the output of this apparatus is, in accordance with its size,
only small. Difficulties may easily be met if the generator has only
one small filling device, as is the case with the majority of small
J apparatus. There is then the disadvantage, when a large amount of
welding work is being carried out, that the welding has to be in-
terrupted in order to add carbide if one filling is insufficient. Through
these interruptions, not only is the welding work delayed, but the
quality of the weld is impaired. In recent years ] apparatus has,
therefore, been constructed with two filling and generating devices,
so that one can always be filled up while the other is in use.

A further disadvantage of many types of J apparatus is that it
does not supply as pure and cool a gas as a permanent large generator
and, therefore, it is less suitable for high quality welding. The chief
blame is to be put on the washer, the importance of which will be °
discussed later, as this cannot be made large enough without
destroying the portability of the equipment or reducing the pressure
considerably. : '

On the other hand, J apparatus, especially of the smaller types,
has an advantage which should not be undérestimated, namely,
that it can be built with all the fittings and oxygen cylinders on a
light wagon, and thus made capable of being transported with ease
to any spot where welding is to be carried out.

However, as cylinders of dissolved acetylene afford the same
advantage of portability and supply a very cool gas, they compete
seriously with the ] generator, and perhaps might have eliminated
it altogether, had not dissolved gas been much more expensive. -

Where the quantity of work justifies the installation so that a
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large generating plant can be economically employed, the stationary
large generator will be chosen as the most suitable, since any number
of welding stations may be coupled in to it, according to its size.
Admittedly special lines leading to the various welding stations
are of course required, and may make the installation very expensive
if the stations are wide apart. Since, however, the price per cubic
foot of acetylene from a large generator is about 3d., compared with
about 2d. for J apparatus and about 1d. to 1}d. for dissolved gas
in hired cylinders, the costs which are set up in permanent installa-
tions may easily be written off. Large permanent generators have,
in any case, the advantage, compared with ] apparatus, that they
supply a very much purer and cooler gas. As compared with dis-
solved acetylene, the considerable difference in price of acetylene
is in their favour. The general arrangement of a permanent welding
plant remains to be considered. Large permanent generators are
constructed for a carbide capacity of -2 to 1-0 tons. Various sizes
are also available, according to the work to be done. It should
be specially noted that it is inadvisable to select a plant which is
too small, quite apart from any reference to the increase of require-
ments at some later date which usually occurs owing to increase in
the welding work. For, besides this consideration of expanding
requirements, it must be remembered that reliable experiments
have shown that generators, on continuous work, do not reach the
maximum hourly output which is given on the information plate.
As a rule they only reach about 40 to 60 per cent of this, and in
many cases only 30 per cent. When choosing the size of a generator,
the maximum output should not be ignored, but it should also be
ascertained whether the generator gives the required gas quantity
on contihuous work.

It is particularly convenient to connect a permanent acetylene
welding plant of this kind with a plant for a central supply of oxygen.
In the central oxygen station there are two batteries, consisting of
a row of steel cylinders with main stop valves. The number of
cylinders depends on the load of the welding plant. One of the
two batteries is in commission, the other is provided with full
cylinders and serves as a reserve to be coupled in when the first
battery is used up. During the working of the second battery the
first is replaced by full cylinders. The coupling piece on the in-
dividual cylinders with the-main supply pipe, which supplies oxygen
thtough smaller pipes to the working points, is fitted with a flexible
screwed socket or pipe screwed at both ends and made of copper.
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In addition to providing uninterrupted working, a central oxygen
plant offers further advantages. The transport costs which are
entailed for each cylinder are saved, and at the same time working
is much safer. In addition, the content of the cylinder is more
completely used up, since the cylinders may be emptied to two or
three atmospheres, whereas, with single cylinders, considerable
quantities are often left over, though perhaps not sufficient for a
piece of welding work.

If the distributing system is not worked at the full pressure of
the cylinders, but at an intermediate pressure of 20 atmospheres
(294 1b./in.?), which is preferable, a perfectly constant working
pressure may be attained as the pressure reduction takes place in
two stages and the danger of burning the pressure reducing valves
is thereby lessened. Moreover the pipe-line system is cheaper and
it is easier to keep it tight.

We distinguish between two types of generator, Low-pressure
Generators and High-pressure Generators. In the former the gas
pressure goes up to ‘03 atmospheres (12 ins. of water) and in the
latter up to 1-5 (22-0 lb./in%) atmospheres and more.

For a long time only low-pressure generators were built, because
it was known that acetylene gas would decompose explosively even
at low pressure. After it had been established by Rimarski that the
decomposition limit lay above 1'5 atmospheres, the building of
generators for higher pressures, up to 1-5 atmospheres, as stated
above, was permitted by German regulations. Low-pressure and
high- pressure generators are in essence alike. The following point,
however, is to be noted. As will be shown later, if uninterrupted
working of the welding torch is to be obtained, a pregsure excess
of 2—4 in. of water must be present. Low-pressure generators
certainly give this pressure, but a large proportion of the -pressure
is dropped in hydraulic valves and pipe lines, especially when
these extend for large distances and, as can frequently be observed,
they are not well planned but built with sharp bends in which water
pockets can form. In these circumstances it may so happen, because
of the injector effect in the torch, that a vacuum is set up in the
pipe line. Moreover, even when there is a high pressure in the
torch the welder is often compelled to weld with excess oxygen
which, “as will be shown later, can senously unpaxr good welding
work.

In such cases the hxgh-pressure generator.is to be preferred.
With such a generator the gas may be laid over long distances without

1
i
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there being any fear that insufficient pressure will be available at the
torch. In addition, there is the advantage in using high-pressure
generators that the diameter of the lines may be made smaller than
with low pressure and consequently considerable savings in cost
may be made in the pipe-line system. If a low-pressure plant exists,
however, steps may be taken to couple acetylene compressors or
blowers into the line. Various designs for these have been put
on the market. It is therefore unnecessary to replace the existing
low-pressure plant with a high-pressure plant if it is desired to
extend the pipe-line system to a greater extent than low-pressure
plant will permit. Where new plants with extensive pipe-line systems
are considered, it would be preferable initially to select the high-
pressure generator. There is, however, no need to go right up to
the limit of 1-5 atmospheres (22 1b./in.?) as, in general, it is sufficient
to work with pressure of ‘3 to -6 atmospheres (4:5-9 lb./in.?),
according to the local conditions. It is very seldom that a higher
working pressure is necessary. Acetylene generators are divided
into three groups, according to the method of working:

3 b

(@) Generators on the “ carbide to water ” system. Carbide is
fed in and brought into contact with the water.

(b) Generators on the “ water to carbide ”’ system. The carbide
is stationary and the water flows on to it.

() Generators on the displacement (recession) or immersion
system.

In group (c), the carbide and the water are
alternately brought into contact with one
another and separated.

For each of these groups there is a definite
simple basic form, from which a large number
of constructed types have been built and are
commercially available. Along with these
may be found a series of 1ntermed}ate tYPES L . Basic form of the
which cannot definitely be placed in any of  *carbide to water ” system
these groups. a, Water chamber; b, slide

. . . . valve; ¢, carbide container;

Fig. 5 shows the basic form of the carbide 4, cover; e, pipe going to gas-

R . . holder. To produce acetylene

to water system. 'The carbide container ¢ is the carbideis putinto the water.
placed above the water chamber a, separated

from it by means of a slide.valve b, and closed above by means of a

tight fitting cover 4. If the slide valve b is withdrawn the carbide

falls into the water and acetylene is generated and flows through
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the pipe e into the gas holder and thence to the points where it is
used. The slide valve b is then shut and the container filled once
more. In the lower portion of the water space a grid is built in
through which the sludge which is formed falls to the ground,
from which it may be removed from time to time. In addition
care must be taken to renew the water in the generator regularly.
The basic form of the water to carbide system is shown in fig. 6.
The water for the generator is brought down from a special vessel a,
separated from the generator space b. The carbide is brought in a
suitably shallow container d, through the opening ¢, which may
be shut and made gas-tight. When the cock e is open a certain

Fig. 7.—Basic form of the * displacement

Fig. 6.—Basic form of the ‘‘ water to
carbide ”’ system

a, Water chamber; b, generator space;
¢, outlet which may be closed ; d, carbide
container; e, stop cock; f, pipe going to gas-
holder. To produce acetylene, the water
flows on the carbide.

or immersion *’ system

a, Gas-holder bell; b, carbide container;
¢, perforated bottom on b; d, sealing water;
e, pipe line to point of consumption; f, stop
cock. To produce acetylene carbide and
water are alternately brought into contact and
separated from one another.

quantity of water runs on to the carbide and acetylene is generated
and may be led away through the pipe f. If the cock is shut the
generation of the gas ceases as soon as the quantity of water which
has got into the generating space has been used up. The process is
repeated by opening the cock again until all the carbide has been
decomposed.

Finally fig. 7 shows the basic form of the displacement or im-
mersion system. The gas-holder bell a forms the generating space,
to the cover of which there is attached a carbide container b, provided
with a perforated bottom ¢. The gas container a may be connected
directly to the main gas holder, or arranged to float inside it. As
soon as’the container is filled with carbide and dipped into the
water, acetylene is generated and, when the cock f is opened, flows
through the pipe line e to the place where it is used. If the gas
consumption is interrupted, however, the gas which has been
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generated collects in the gas bell @ and raises the bell, provided it
is arranged to float, in the way shown in the figure, so that the
container rises above the water (immersion system), or displaces
the water in the main gas holder if it is connected directly to it
(displacement system). In both cases the gas which is generated
breaks the contact of the water with the carbide so that the geheration
of gas is interrupted. As soon as the gas has been used up and the
gas holder is empty, the bell falls or the water rises again in it, until
the water and the carbide are again in contact and the generation
process is repeated. The displacement system is the commoner.

In a generator working on the displacement system, the carbide
remains stationary, as in group & (p. 19), and the water flows to it;
and in a generator working on the immersion system the carbide is
fed into the water as in group a. Hence the displacement and im-
mersion systems have been absorbed in these groups b and 4, and
only two groups are distinguished from one another. As a matter
of fact displacement and immersion equipment are similar in their
method of working, whereas they are entirely different from those
in groups a and 4. For this reason the division into three groups
has been retained in this book. .

Each of the types mentioned has certain advantages and also
definite disadvantages which may usually be overcome by taking
suitable precautions. The points involved will now be briefly
explained.

Generators working on the carbide to water system have a very
important advantage compared with the others, in that the carbide
comes into contact with a large quantity of water by which perfect
gasification and a high yield of gas is obtained; moreover, the gas
generated is well washed and cool. Its disadvantage is that it can
give rise to explosions, unless special precautions are taken. From
the gas which is generated, and the air which is present in the
generator, a mixture of gas and air is formed in every generator
when it is first put into service. Such mixtures are highly explosive
if, as has been previously mentioned, there is more than 2-8 per cent
and less than 73 per cent of acetylene. This explosive mixture is
allowed to escape before the apparatus is put into service as it is
relatively unsuitable for welding, but gas mixtures of this kind
stay behind in small pockets, connecting pipes and damaged places.
If there is any possibility that these mixtures may be ignited then
there is'a risk of explosion. Experience has shown that there is a
certain danger in such carbide to water systems, as the generator

(B O74) 2
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must be opened during charging and sludging, and the entry of fresh
quantities of air is therefore possible. Ignition of the explosive
mixture may occur through pieces of carbide introducing impurities
such as ferro-silicon, which are often present in carbide but may
quite easily be removed by means of magnets. If these particles
of metal strike iron on the generator or the charging hopper during
filling, sparks may occur. Attempts have therefore been made to
cover the charging hopper with zinc sheet, but without success, as
this covering is very soon damaged. Explosions have also been
traced to carbide dust becoming incandescent. Carbide dust when
mixed with water clings together so as to form lumps, and gradually
heats up to red heat, as may be confirmed by carrying out a test in
a tumbler. The danger of explosion may, however, be averted by
removing the pieces of ferro-silicon from the carbide which is
being put in, and by leaving the dust behind. It usually happens,
however, whether to save trouble or in ignorance of the danger,
that the drums of carbide are tipped into the chargmg hopper as
they come from the store along with the accompanying ferro-silicon
and dust.

This danger may be met, at all events with large plants of this
type, by adopting special precautions. One method is to provide
a primary charging hopper at the inlet, which prevents the ingress of
air during the charging of-the generator. Careful tests have shown
that by this means explosive mixtures in the generator can definitely
be avoided, even though small and harmless quantities of air may
be present in the primary charging hopper in certain circumstances
and may get into the generator. The primary charging hopper,
therefore, fulfils its purpose, at least during uninterrypted running.
Mixtures of gas and air which remain in the generator when it is
put into commission, or which may be formed by the entry of air
during sludging, must be prevented in another way. For this
purpose both the charging inlet and the sludging outlet are connected
to the gas-holder, so that the gas which is under pressure in the’
holder immediately flows into the generator as soon as the pipe
is opened either for filling or sludging. In this way the ingress of
air under atmospheric pressure is prevented. The same device may
also be used to blow out the generator with acetylene gas when it is put
into ¢ommission, and thereby drive out the mixture of gas and air
which is present at the start. To prevent this mixture from remain-
mg in odd corners, new: generators are so built that all dead space
is avoided. Old generators may be suitably lined for this purpose.
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- With apparatus so equipped there is no danger whatsoever. As
a rule it is not possible to use safety precautions with J equipment.
It has been observed, however, that sparks from falling carbide
only occur if the height of drop is over one metre (3 ft. 3 in.). This
drop is not reached with J equipment. Consequently the Acetylene
Association has sanctioned the continued use of such equipment
with few exceptions. All the same, the carbide to water plants have
lost some ground to the other types of construction because they
cannot be built as high-pressure systems, in which it is not per-
missible for the purpose of filling or sludging, to open up the
generator vessel, which is under pressure.

Generators built on the water to carbide system are less dangerous.
Only by gross disregard of regulations governing their operation,
can an ignition occur in the generator space. At the same time,
compared with generators working on the carbide to water system
they have the disadvantage that the quantity of water which is
available for generating gas is considerably less and consequently
the gas is not sufficiently cooled. This disadvantage may be avoided
by spraying the gas retort with water and sending the gas through
a specially large washer, which may be dispensed with in the
carbide to water plant. The gas is not only purified in this but also
cooled. There is, however, the danger that the carbide in the con-
tainer may not get sufficient water if the container is filled too full,
The carbide sludge which is formed during generation fills the
container, so that only a small quantity of water can come in contact
with the particles of carbide. These then heat up and decompose
with the generation of large quantities of heat, causing some danger
or, at the very least, considerable diminution in quality of the gas.
This decomposition, which is termed polymerization, causes the
gas to heat up considerably and consequently there is a tendency
for it to take over considerable quantities of water vapour. On this
account the acetylene code prescribes that the container shali only
be half full. In addition copious quantities of water are necessary.
With such precautions these plants work quite satisfactorily in every
way.

In displacement equipment, as in carbide to water generators,
there is an adequate quantity of water. There is, however, the
danger of after-make. The generating process is not interrupted
immediately after breaking contact between the water and the
carbide. The moist carbide continues to gasify for some time.
Because of the small quantity of water which is available, a hot gas
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is generated. With long interruptions, the after-make is so excessiye
that the generator space is insufficient for the quantity of gas

produced. It must, therefore, be made possible for the gas to escape
to the open air. In this way we have on the one hand loss of gas,
on the other the danger that the gas may ignite in the workshop
and cause a fire. '

In order to give a better
idea of the mode of operation
of the three types of construc-
tion than can be obtained from
studying the general basic forms,
a typical and suitable practical
example of each kind will be
discussed in the following pages. -
These are chosen from a large
number of serviceable and ex-
cellent generators which are on
\/ ’ \ the market, but there is no

= intention of conveying the im-
pression that those that have
- - = 2 been selected take precedence
B over other makes.
=EEEEEE M e Figs. 8 and 9 show a low-
E“— pressure generator of a rather

’ old type working on the carbide
A oe to water system. It is fully
— Mo equipped with the safety devices
_— - which have prewously been
. . described.
T e the = carbide o water »system. " "* The method of  working
_a, Gas off-take point in generator vessel; b, gas may be easﬂy understood. The
pipe; ¢, outlet to gas holder; d and e, cocks; . . . .
f, sealing water. carbide is filled into the primary
charging hopper which is not
shown in fig. 8 on the closed generator, but may be seen in
fig. 9, where it is shown in position on the open container turned
through go°. From this it falls on the distributing drum which
is controlled by the gas-holder. = This controls the consumption
automatically and allows the particles to fall into water in the
generator. Here it builds up on a perforated grid until it is
completely gasified. The sludge collects in the lower portion
of the generator below the grid. The gas is taken out from a and

4]
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passes through the pipe b through the catchpot f and through e to
the gas-holder.

Safety precautions are taken in the following way. The figures
show the primary charging hopper which prevents the ingress of air
during the charging of the generator, and also the lining which
avoids dangerous cavities. The cocks d and e, which are automatically

from Generator

to gos holder

Fig. 10.—Double water-sealing vessel

connected with the pipe line
when the generator is opened,
provide additional safeguards
against air getting into the
generator during filling and
sludging. Acetylene gas passes
from the gas-holder into the
generator, as the latter is now at
a lOWCl' pressure and, n this Fig. 11.—High-pressure ggngrator——“ water to
way, ingress of air is prevented. " ’ys,‘em.(“"d:“:’"“"“y system)
Newer generators of this type «, Setort d, cooling. waters o, lever ff:rm;:ﬁ;ﬁ
are initially so constructed that Mawer or the siding waye: J, uptake pipe; g, non-
dangerous cavities are avoided,
and a primary charging hopper is provided. The supply of gas
from the gas-holder to the generator during charging and sludging
is achieved in a simple way by fitting two catchpots which work in
opposition to one another in such a way that the second allows the
gas to come back by means of a reverse arrangement of the outlet pipe,
as may be seen from fig. 10. .This occurs as soon as the pressure
in the generator starts to fall due to the opening of the valves.
‘Fig. 11 shows an example of a high-pressure generator working
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on the water to carbide system. This is a so-called sliding.q,,
apparatus. [t consists of the main container a, the back pressure
container b, and the retort ¢, which 1§ surr ounded by Co?hﬂg water d.
- ter is fed into the first container chamber
By working the lever e water trough the uptake pi
and the generation starts. The gas flows throug the uptake p lpef
through the non-return valve g to the main vegse]. The gas which
collects here forces back the water in the main vessel a into the
back pressure container & so that if the working pressure is exceeded,
the water level sinks to such an extent that the flow of water to the
retort, which passes through the pipe near the lever e, is interrupted
' and generation ceases. The generation
process is therefore accurately controlled
in accordance with the consumption of
gas. A manometer & shows the pressure.
The container in the retort is divided
into separate compartments over which
water flows, one after the other.

Finally, fig. 12 shows a high-pressure
generator working on the displacement
system. The method of working may
be seen from the figure. The carbide
container, which is fitted with sludge
prongs, is placed in the generator, so that
the gas collector is automatically closed
when the cover plate is opened. Genera-

) ] tion starts immediately. The gas, which
B et sesiem ™™ i collected in the gas container, displaces
the water in the main container so that
when the working pressure is reached, contact with the carbide
ceases and the generation is interrupted. When gas is used, the
water rises once more in the generator space and generation starts
once again. A safety valve permits the gas to escape into the open
air, if the pressure rises too high on account of after-make.

Generators are frequently constructed in pairs so that two gas
chambers feed one collecting chamber and thereby uninterrupted
working is made possible. One chamber can generate gas while
the other is being filled with carbide. For temporary high gas:
takes, both generators may be used simultaneously and the output
of the apparatus thereby doubled.

Recently some firms have made quite new departures which may
have an influence on the construction of apparatus. They will,
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therefore, be briefly mentioned here. Fig. 13 shows the inside

fittings, fig. 14 the outside appearance, of a new generator working

on the carbide to water | . ‘

system. The carbide is F
?.

put into containers which
are kept in a vertical posi-
tion by means of catches
and prevent the access of
the water to the carbide.
A chain drive, which is
operated by the bell, re-
leases one catch after the
other, according to the
gas requirement. In this
way the containers are
tipped into the horizontal
position. The water now
has access to the carbide and the generation of gas starts. The
stream of gas in the generator results in a violent spraying effect
and in complete gasification of the carbide. A pure and cool gas
is obtained, without the
danger of ignition through
a spark or incandescent
carbide.

Fig. 15 shows a gener-
ator in which pure carbide
dust or a mixture of dust
and fine granulated car-
bide can be gasified.
With this apparatus it
becomes for the first time
possible to make use of
the waste material formed
in the production of car-
bide, which was- previ-
ously valueless. The L. " —_ ‘ P
carbide dust is stored in  Fig. 14.—Vertical chamb tor—outside view -

a ' container ¢ and is . : :
forced into the hopper by means of a conveyor screw b, At the
_same time, a fine spray of water passes through the ring-shaped
spray ¢ into the chute, thus preventing the solidification -of the

Lmiitad

Fig. 13.—Vertical chamber generator—inside view
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dust. By means of a stirrer the water and the carbide are carried
downwards and kept continually in motion so that the water and the
carbide are in intimate contact and complete gasification results. -
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Fig. 15.—Carbide-dust generator
a, Container for fine-grade carbide; b, conveyor feed screw; ¢, ring-shaped spray

Fig. 16 shows another large generator of modern construction
using circulating water, known as a “ Spray "’ generator. The generator
consists of (1) a main generator partly filled with water on which is
placed a cylindrical carbide container, the lower portion of which is
made into a perforated basket; (2) a carbide sluice for filling new
carbide into the carbide container; and (3) a removable primary
hopper which also serves the purpose of a filler hopper. At the side
of the main vessel there is a centrifugal pump which is driven by a
motor, and which takes water from the lower portion of the main
vessel and delivers it to a spray nozzle on the inside of the container
so that the water impinges with high velocity on the carbide in the
perforated vessel.  On account of the excess water stream which is
supplied, the carbide in the basket is gasified at a high rate, and,
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at the same time, the lime sludge, which is fémié&, is washed away.
Hence with the “ Spray ”’ generator, the after-m}du;_whl i i

other generators by the lime sludge is virtually elimipated. Aftese
the spraying, the water runs back from the basket into the art

of the main vessel where it is once more drawn up by the pump
and delivered to the spray nozzle. This circulation of the spray water
takes place as long as the lime contained in the water does not
exceed some permissible value.

c c

Fig. 16.—The * spray ”’ generator

A, to sludge channel. B, from mains. C, C, through roof

Regulation of the acetylene production is obtained by means of
a pressure control switch. This interrupts the current to the centri-
fugal pump motor at a definite maximum pressure of 1 atmosphere
and switches in the current at a lower pressure. If production
exceeds consumption the pressure rises in the generator and the
centrifugal pump motor is switched off. If the pressure in the
apparatus falls, due to the take, a pressure control switch switches
on the current to the centrifugal pump motor. The spraying process
starts once more and generation begins again. The pressure in
the generator, therefore, varies continuously between the upper
switching off and the lower switching on of the pressure control
switch. , , ’

Fig. 177 shows a ** Beagid "’ generator for small outputs. The water
chamber a is filled with water up to the mark 4, and the cartridges
of * Beagid *’ d are placed in the frame c. The gas bell b is then put
over this and both parts are forced into the water chamber. After
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releasing the air for a short time, the purifier and hydraulic valve,

which are permanently connected to one another, are screwed on
and the gas take may begin.

The apparatus works on the displace-

ment system and will produce only as

¢ much acetylene as is actually used. When

the cock e is closed, the water is forced

away from the ““ Beagid ”’ and the produc-

tion of gas ceases. When the take starts

again the ‘process controls itself auto-

matically.

High output ““ Beagid ”” generators for
an output up to 250 c. ft. per hour are -
constructed in a modified form.

Auxiliary Equipment for  Acetylene
Plants—The acetylene which flows out
of the generator is usually not fit for use
without further treatment. There are still
various chemical and mechanical impurities
from which it must be freed, in addition
to water vapour which is present in quan-
tities which increase with increasing gas

Fig. 17.—" Beagid ” apparatus  temperature.  Moreover, it is frequently
a, Water chamber; b, gas bell; necessary to provide a special gas holder,
¢, frame for d; d, * Beagid  car- . .
tridges; e, water cock. in order to obtain unbroken, regular work.
At other times it is necessary to fit a
pressure regulator. In any case, the generator must be protected
against oxygen getting back from the torch or against a back fire
and this is assured by hydraulic valves which are prescribed by
regulations. In large installations, pressure gauges and gas meters
are fitted.

For generating gas, a range of auxiliary equipment is neces-
sary, in addition to the acetylene generator, and this will be discussed
in the following pages, from the point of view of construction,
‘method of working and requirements of operating technique.

The Washer is responsible for separating small particles of lime
which come over and also other mechanical impurities, in addition
to freeing the acetylene from ammonia and hydrogen sulphide,
which are always present and which .can seriously impair the quality
of the weld. In addition, it may be used with advantage for cooling
the gas. This is seldom taken into account when fitting the washer.
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In general the water seal, which is prescribed in paragraph 17 of the
Technical Principles of the Acetylene Association for separating the
generating space from the gas holder, should assume the duty of
the washer. A water seal of this type is indicated as f in fig. 8. It
consists of a gas-tight, closed container into which dip two pipes of
different lengths. It will be realized that a container of this kind can
only ensure adequate cooling and purifying of the gas when it is
designed to dimensions which correspond to the quantity of gas used.
This is usually not the case. With portable J apparatus it is never
so. Consequently a cool and pure gas cannot be obtained from these
generators. 'Too small a quantity of water which is quickly heated
is consequently less capable of purifying the gas, since the ability
of the water to dissolve the gas diminishes considerably with in-
creasing temperature. Half the quantity of hydrogen sulphide is
dissolved when the water is heated up from 50° F. to 105° F. (10° C.
to 40° C.). The least that can be done is to take care frequently to
renew the water in the seal pot. Wherever possible, however, a
suitable washer of adequate size should be provided. It is only with
a carbide to water plant, in which there is an adequate quantity of
water, which takes over the work of the washer, that this precaution
may be omitted. Even then it is advisable to renew the water fre-
quently. It has been shown to be uneconomical to use again and
again water which is saturated with gas in the hope of realizing
savings in gas. When the gas is imperfectly purified, the saving in
acetylene bears no relation to the expense of recovering the water.

The Purifier—In addition to the impurities mentioned, acetylene
contains hydrogen phosphide which it was previously thought
necessary to remove, so that the maximum content did not exceed
002 per cent. Accordingly acetylene installations were supplied
with a chemical purifier. As a rule, it consisted of a cylindrical vessel
filled with a purifying mass such as “ Katalysol ”, * Karburylen ”,
“ Puratylen ", &c., through which the gas had to flow. If the mass is
a powder, it is carried on cotton wool or pieces of felt which are
laid longitudinally on perforated plates. If the material is in larger
lumps it may be put on a perforated base plate without any inter-
mediate layer and alternated with cellulose material, one layer above
the other. The gas should not experience too great a resistance when
flowing through the container, but should also be unable to channel.
Containers which have a large surface area are the most suitable.

It has been shown, however, that little advantage is afforded by
a chemical mass under present day conditions, since the size of the
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purifier must be approximately that of the generator because of the
velocities of flow which are used to-day. This is obviously un-
practical.

In addition, the tests at the T'echnical Welding Research Depart-
ment of the State Railways and the Chemico-Technical State Labora-
tories have established that the quantities of hydrogen phosphide
in present day acetylene generated from carbide which is com-
mercially obtainable, only amount from -0025 to 003 per cent, and
have no appreciable harmful effect on the quality of the weld. This
only begins to occur with quantities of hydrogen phosphide of about
‘I per cent. .

In these circumstances, a chemical purifier can be dispensed
with, in workshop equipment, and a source of danger is thereby
eliminated, which would otherwise be set up by many purifying
media, especially those containing chlorine. However, since me-
chanical purification is necessary in any circumstances, the purifier
must be retained, but instead of filling it with a purifying medium
it is recommended that it should be filled with broken brick or dust-
free coke in order to dry the gas and hold up mechanical impurities.
In this way a special Drier may be saved.

The Gas Holder which serves to store and distribute the gas under
uniform pressure is usually built on to the generator of portable
low pressure equipment and invariably on to the generator of a high
pressure equipment, whereas in permanent low-pressure plants it
is frequently erected separately. In this case, a floating bell is in-
variably fitted which is guided by side rails in order to ensure that
the movement is regular and frictionless. Every gas holder must be
provided with a safety pipe which leads into the open air. Pipes
which pass through the base of the water vessel above the level of
the sealing water serve to conduct the gas from the generator to the
ancillary equipment, and the points where it is used. In order to
obtain the necessary acetylene pressure, the cover of the bell is
loaded, otherwise the bell is made as light as possible so that no
important pressure variations occur due to its rising out of the
sealing water and altering the pressure conditions.

Since the acetylene pressure in a container with a floating bell
is limited to a relatively small amount, gas-holders with stationary
bells are used in apparatus which is built for higher pressures and
these function by displacing water or compressed air.  This method

-is also adopted for equipment when it is desired to save space.

The size of the useful gas-holder space is proportioned according
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to the quantity of carbide which may be consumed in the equipment.
Up to a carbide charge of 1 cwt., *32 c. ft. of gas holder space should
be provided for each pound of carbide. For charges up to 2 cwt.,
-24 c. ft. for each further pound of carbide should be provided, and
for quantities greater than these 16 c. ft. of gas holder space for
each pound of carbide. This only applies to apparatus in which the

carbide which is put in is not immediately gasified but comes in
contact with the water in small quantities, depending on the control
of the charging device worked from the gas-holder. For equipment
in which the carbide is gasified at once, much greater gas holder
space should be provided, and for every c. ft. per hour consumption,
a minimum of 3 c. ft. of effective gas holder space should be available.

Where there is a high-pressure pipe line system of large output
with numerous points, it will always be found that with continuous
variations in consumption, constant pressure cannot be maintained.
The welder is then compelled to regulate the torch frequently.
In order to remove this undesirable state of affairs, a specially suit-
able Pressure Regulator is frequently installed, of which numerous
types are on the market. In these circumstances the pressure re-
ducing valve, which is described later, may be dispensed with. The
welder then obtains a constant, regular gas pressure for the torch.
In this way the work is considerably simplified.

The Hydraulic Safety Valve.*—The main purpose of the hydraulic
valve is to prevent oxygen getting back into the acetylene main and
to prevent its passage into the generator and hence prevent the
formation of a highly explosive mixture in the latter. If an explosive
mixture of this kind, consisting of acetylene with oxygen or air,
has already formed in the line, the hydraulic valve must damp down
and choke any ignition which may occur at the tip of the torch.
It may proceed as an explosive wave along the pipe line, so that
in no case can it get back to the generator. In addition, the modern
hydraulic valve is required to maintain the vacuum, which exists
in the torch, and keep it constant by sucking in air. Hence the
hydraulic valve is one of the most important accessories in an acety-
lene plant, and on its satisfactory working the safety of the plant
depends. It is, therefore (in Germany), not only prescribed by
regulation, but the design must be subjected to approval by the
German Acetylene Association.

® Friedrich, “ Hydraulic safety valves for gas welding plants ”, Die Schmelz-
schweissung, Vol. 8 (1929), pp. 129, 166 and 203. * Directions for the Constmct:on
of suitable Hydraulic Valves for h Pressure Acetylene Equipment *’, Autogene
Metallbearbeitung, Vol. 24 (1931), Nos. 8 and 9, pp. 111 and 121,
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The danger of oxygen getting back is very prevalent with low-
pressure installations should the tip of the torch Pecome choked.
The oxygen which is under high pressure then tries to enter the
acetylene line which is under low pressure.

Even when working with high-pressure acetylene, the danger
of oxygen getting back into the line and of a blow back of the flame
occurring is not impossible, although the danger of the oxygen getting

back into the acetylene line at high pressure is not so great as with
low-pressure acetylene.
In order to guarantee the satisfactory working of the valve,
an experiment is carried out when the design is tested to see whether
it fulfils the following requirements:

1. Oxygen must be unable to get back to the generator.

2. Oxygen which gets back into the valve must escape to waste
through the safety pipe and during this time only a small
quantity of the water which is forced up should be lost.

3. The valve should prevent the possibility of air being sucked
through the safety valve during normal working. On the
other hand, air must be sucked through the safety valve
if the requisite quantity of acetylene cannot be supplied
from the apparatus. At the same time the drawing of air
through the apparatus itself and the formation of a dan-
gerous acetylene air mixture inside the gas bell must be
avoided.

4. The carrying over of water by the gas stream through the
valve must be avoided.

In its original form the hydraulic valve consists of a container
which is partly filled with water and possesses a safety pipe in addi-
tion to the gas inlet and outlet pipes. The basic form of a hydraulic
valve of this type is shown in figs. 18 and 19. Its mode of operation
may be seen from the figures. The safety pipe does not dip so
deeply into the sealing water as the inlet gas pipe from the generator.
The gas outlet pipe is fitted above the level of the sealing water.
If oxygen gets back from the torch, the sealing water is forced up
so far until the lower opening of the safety pipe is clear of the water
and the oxygen is provided with a path into the open air, whilst the
inlet gaspipe is kept closed by the sealing water. -

‘In general, hydraulic, valves which have been in service up to
the present time on low-pressure acetylene plants have been built
according to this basic form. As long as too great calls were not made
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on the output of the generator, they have fulfilled their purpose,
provided they have been carefully looked after and maintained.
The development of fusion gas-welding, however, has resulted in
continually increasing quantities of gas
being required in unit time as was not
previously the case. Whereas hydraulic
valves were usually tested for an hourly
output of 15 c. ft., to-day quantities
from 150 c. ft. per hour up to 300 c. ft.
per hour are nothing out of the or-
dinary.

With these high velocities of flow,
the gas coming from the generator may
rise in large bubbles through the water
and form a gas path through which a
back fire from the torch may easily find
a way to the generator without the hy-
draulic valves functioning.

It will, therefore, be recognized that ,
old designs of hydraulic valves do not Figs. lshﬂy':i‘:ﬁ}c_fﬁ;om of
afford that degree of safety, on large con-  Fig. 19 (right) shows the way in

. . . which the valve works when oxygen

sumptions, which is necessary and con- gets back from the torch.
sequently new developments have had to
take place. The first step in this direction arose with the provision.of
the high-pressure generator. At the outset hydraulic valves were
- required which afforded a higher degree of safety. The solution, in .
this instance, was simpler than for low-pressure hydraulic valves,
since methods could be adopted which resulted in a higher pressure
drop in the hydraulic valve. This pressure drop may be neglected
for high gas pressures, but if introduced for low gas pressures it
would result in the low available pressure in the line being completely
dropped through the hydraulic valve.
" The method used consists essentially in obtaining a fine atomiza-
tion of the gas stream when it passes through the sealing water in
the hydraulic valve by providing a large number of narrow inlet
holes, so that the formation of a continuous gas stream is prevented.
Conversely oxygen which gets back into the valve is prevented from
passing through the pipe into the generator. As a rule a non-return
valve is fixed in the valve, or the pipe leading to it, which is shut
by the pressure of any explosion wave which may be set up, and this
seals the path to the generator. : /
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A very well known type of high-pressure hydraulic valve of this
kind is shown in figs. 20 and 21.

The gas stream enters through the passage a and lifts the non-
return valve b. It enters the valve in the atomized state through the
narrow openings in the baseplates ¢ and d which are staggered in
respect to one another. It flows through
the sealing water and is once more led
round in a pipe fixed in the valve, before
it leaves the valve e and reaches the
torch. In the upper pipe of the valve a
tin disc is fixed at f. Oxygen which gets
back from the
torch will force
down the non-
return valve by
the pressure on
the water column
and hence seal
the path to the
generator. An
explosion wave
coming from the

a, Gas inlet passage; b, non-return valve; ¢ and d, base plates with torch will act in

staggered openings; e, outlet for the gas; f, tin disc. the same way,

and, in view of

the high pressure which is set up, the tin disc will be burst and a
direct path into the open air will thereby be provided. '

Fig. 22 shows another high-pressure valve. The non-return valve
is fixed in the main which comes from the generator to the hydraulic
valve. The atomization of the acetylene, which enters the hydraulic
valve, is obtained by providing a large number of small holes in the
ring-shaped inlet pipe. The high-water column also serves the
purpose of stopping oxygen which may get back or of sealing the
path of an explosion wave. If this occurs, it exerts a pressure on a
membrane which is attached to the base and presses it downwards.
When stationary it is forced upwards by means of a spring. In this
way a blow-off valve, which is fixed on the cover of the hydraulic
valve and attached to the membrane by means of a link, is opened
and the oxygen or éxplosion wave may escape into the open air. The
valve also avoids the use of the tin disc described in the previous .
type. Since the changing of the tin disc, which may be damaged =

Figs. 20 and 21.—High-pressure hydraulic valve
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by a back fire, always entails an interruption in the work of the
welder, and, as the tin disc is easily broken and may be damaged
mechanically, and has, therefore, to be specially protected, it was
thought that, by providing a blow-off valve for this hydraulic valve,
an improvement would be made as compared with the hydraulic
valve with the tin disc. Practice, however, has shown that, partly
due to the inertia of the spring required for the membrane, and
partly due to the inaccessibility of the rubber plug forming the blow-
off valve, which frequently stuck, especially when it got old, the

i

—r

Fig. 22.—~High-pressure hydraulic valve Fig. 23.—New type low-pressure
hydraulic valve

valve did not open or only opened slowly. This resulted in the burst-
ing of the hydraulic valve because of the explosion wave. Conse-
quently valves of this type cannot be recommended.

On account of the large pressure drop which is set up, these
valves cannot be used for low pressure installations. Where longer
mains for large generators exist, steps may be taken to increase the
acetylene pressure by using compressors, as has been mentioned.
The welding booths may then be provided with high-pressure
valves. By means of a Prize Competition, the Technical Committee
for Welding Technology is engaged in developing a suitable low-
pressure hydraulic valve which will afford adequate safety in. all
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cases, especially for small generators, where it is not possible to pro-
vide a compressor, as well as for the high gas consumptions which
are required at the present time. The testing of the suggestions
which have been received has now been completed, so that it may
be assumed that in a short time a number of low-pressure hydraulic
- valves will be put on the market which accord with the requirements
specified.

One low-pressure hydraulic valve of this type which may be used
is already available commercially; this is shown in fig. 23. In con-
trast to previous low-pressure valves, the vessel of the valve is so
divided that the acetylene entering from the generator is conducted
through a pipe having a throttling device at one end, and finally
reaches the inner vessel. From here it must flow out through a colil,
which has a further throttling device at the other end, before it
reaches the outer chamber of the hydraulic valve. It then passes
through the main to the point of consumption. The inner chamber
is directly connected at the bottom with the sealing water so that the
water stands at the same height in both chambers.

If a back-fire occurs, the water in the valve is forced into the
inlet pipe through the throttling device so that a further flow of
gas into the valve is prevented before the explosion wave can find
another path through the coil and from there into the inner chamber
of the valve to the generator. The excess pressure is relieved in the
usual way through the safety pipe which leads into the open air.

The valve also functions if the vacuum at the point of consump-
tion varies. The atmospheric pressure overcomes the { in. water
column in the safety pipe and allows air to blow into the valve to
equalize the pressure. -

3. The Installation, Working and Maintenance of Acetylene
Plants.*

There are Home Office regulations governing the manufacture,
supervision and use of acetylene, as well as for the storage of calcium
carbide. All managers of works in which acetylene gas is used,
and the personnel which is responsible for examining and main-
"taining of plants, should be acquainted with every detail of these.

In the:following. reference is made to some important points.

Anyone desirous of manufacturing acetylene or storing -calcium -
carbide must report the matter to the local police officials. It is
also necessary to report the undertaking of important modifications

* The regulations referred to are those in force in Germany, !

4
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to the plant, whether it is to be permanently out of commission or
not, and important modifications to the generator station. In addition,
important modifications to any standard type of generator require
the permission of the German Acetylene Association. For example,
unless permission has been obtained, it is not allowed, as is often
done, to load the bell of the acetylene container in order to increase
the gas pressure above that value corresponding to the type of con-
struction, in the event of there being an insufficient pressure at the
torch.

Acetylene generators having a maximum filling of 22 1Ib. of carbide
and up to a maximum hourly output of 225 c. ft. of acetylene, which
may be used in workshops (portable generators), are only permitted
after a special test of the type by the German Acetylene Association.
This applies to all acetylene generators independently of their size,
in which there is not a variable capacity holder. All other generators
may be subjected to an optional test on request. The test also applies
to the hydraulic valve.

Workshops, in which portable generators are used, must be
provided with air purification equipment and for each generator
they must have a minimum of 2000 c. ft. air space and 210 sq. ft.
floor space. The generators must be placed at least 10 ft. from an
open light or fire and 20 ft. from other generators.

Permanent acetylene generators having a charge of more than
22 lb. of carbide may be erected only in special generator rooms.
Portable generators of this type may be used only in the open air.
The general use of acetylene generators in the open air is only
permitted when there is no danger of freezing. These special build-
ings must have fireproof walls and a light roof. They must be pro-
vided with good ventilators on the roof and protected against frost
unless the generator has been made frost-proof. Media for pro-
tecting generators against frost must not attack the generator shell.

Buildings must have adequate daylight in order to enable any
work to be carried out without artificial light. It is forbidden to enter
the building with a light or glowing object (smoking).

Pits for lime sludge must be so arranged that acetylene which
may be given off cannot enter into closed buildings. Open pits are
to be railed in; those with tight roofs are to be provided with efficient
ventilating equipment.

Carbide may be stored only in dry, water-tight sealed drums.
The opening of the drums with soldering equipment or tools which-
may cause sparks is forbidden. In general, only one carbide drum
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may be open in each store. Drums which have been opened are
to be kept covered with a water-tight cover which may be closed or
clamped on. There are special precautions relating to the storage
of large quantities of carbide.

Only general advice can be tendered for the running of an acety-
lene plant. The special working instructions which are provided
by the suppliers with each apparatus are to be observed.

Before putting the plant into commission, each piece of indi-
vidual apparatus, such as the generator, gas holder, water seals,
hydraulic valves, should be filled with water according to
instructions. If it is suspected that there are leaks, the places
concerned should be brushed with soapy water and in no case tested
with a flame.

When the carbide is put in, care should be taken with carbide
to water equipment to remove pieces of ferro-silicon and leave
carbide dust behind. With water to carbide equipments the
sliding drawers should be filled only full enough to provide adequate
room for the carbide sludge which is formed and which requires
a greater volume. With ‘ displacement ”’ equipment care should
be taken to ensure that the grading of the carbide corresponds with
the type of basket used.

The gas which is first generated is sent into the open air, sihce
it is always mixed with air and forms an explosive mixture. The
generator should not be overloaded, as it is very easy to set up an
undesirable temperature rise. The escape of gas into the building
should not amount to more than 1 c. ft. per hour. The sludging of
the generator should be carried out regularly and, at the same time,
fresh water should be put in.

The hydraulic valve should be examined several times a day
to see that the water level is as prescribed. It may be put into com-
mission when the water flows out of the test cock with the gas inlet
cock shut and the gas outlet cock open.

In the Maintenance of a plant it should be carefully noted that
repairs, in which fire or hot or glowing tools are used, may be under-
taken only when the vessel, in which some acetylene may remain
behind, has previously been filled with water and carefully cleaned
out. Blowing out the generator is insufficient. After the apparatus
has been cleaned, it is preferable to leave it standing for some time
filled with water so that every trace of acetylcne may be removed.
‘The repair work should only be carried out in the daylight and with
portable equipment only in the open air. Frozen equipment should -
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be thawed only with hot water or steam and not with fire or any
hot objects.

Great care should always be taken when working on an old
generator and also on one which has been out of commission for a
long time. Thére have been generators which, after being out of
use for many years, have exploded, as soon as work was undertaken
on them, with a view to putting them in commission. Consequently
repair work should be carried. out only by experienced workmen.

The generator should be’"palnted from time to time and normal
oil paint should be used externally and pure asphalt tar internally.

4. Steel Cylinders for Compressed Gases and their Aux-
iliaries.

Oxygen, hydrogen and dissolved acetylene for welding purposes
are supplied in steel cylinders. As a rule these are 8} in. in diameter
and about 6 ft. high, and have a capacity of 1-4 c. ft. of water and
200 c. ft. of gas.

Steel cylinders should be made from the best steel having a
maximum yield point of 28:5 tons/in.2 and 35-40 tons/in.% tensile
strength and 12 per cent elongation. They are
made either from seamless tubing or from pilgered
billets by the hollow forging process. As a rule the
filling pressure is 150 atmospheres for oxygen and
hydrogen and 15 atmospheres for dissolved acety-
lene. Fig. 24 shows the appearance of a cylinder.
Cylinders must have a base ring in order to prevent
. them from rolling about.

A Home Office regulation of 1st October, 1921, !

concerning the transport of liquefied and compressed
gases governs all matters relating to these cylin-
ders. Not only is the manufacture governed by
official specifications, but it is also laid down that, _ Fig. 24.— Section
with certain exceptions, the cylinders must be sub- der " " %! ¥in-
jected to an official test every five years at the most.
The German State Railways not only test cylinders by illuminating
the interior, but also by means of X-Rays. By this test, not only
have a large number of dangerous corroded spots been found on
the cylxnder walls but, in addition, serious fractures have been
discovered in the base. A new decree for high-pressure gases
is in course of preparation and this will be valid for the whole State.
~The steel cylinders are closed by means of a screw-down valve
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which must not be taken off by the consumer. In addition to sealing
the cylinder, their main purpose is for coupling on, as simply and
safely as possible, an adjustable pressure-reducing valve for con-
trolling the gas take and providing the necessary pressure for weld-
ing. In order to avoid getting these cylinders mixed, it is prescribed
by regulations that the connexion on the cylinder valve for the pres-
sure-reducing valve has a right-hand thread for oxygen and for
combustible gases, with the exception of acetylene, which has a
left-hand thread. A clamped coupling is prescribed for acetylene.
In addition, it is recommended that the gas cylinders should be
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clearly indicated by means of a coat of paint on the outside. In this
case, cylinders should be painted blue for oxygen, red for hydrogen,
green for nitrogen, white for acetylene, and grey for all other gases.
A coat of paint should cover the whole surface of the cylinder.

Fig. 25 shows the cylinder valve which is used for oxygen
cylinders. Sealing is provided by a hard rubber plug a, which is
fixed on the lower portion of a double spindles If the upper spindle
is turned by means of the handwheel, the lower is withdrawn by
means of a removable brass sleeve and the sealing packing is, there-
fore, raisect or lowered. The inside of the valve is kept tight by means
of a packing disc ¢, which is kept permanently pressed against a
guide nut d, by means of a spring. Since this packing has occa-
sionally to be replaced on a full cylinder, on account of damage and
use, the upper portion of the spindle may be taken out by unscrew-
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ing the guide nut d. After having pressed the sealing packing a
hard on its seat the damaged packing may be removed and replaced.
In addition to cylinder valves of this type other simpler valves
having continuous spindles and gland valves areused. These are
suitable for acetylene cylinders when provided with a clamped
connecting piece, since the latter are at a lower pressure than, for
example, oxygen cylinders. Figs. 26 and 27 show a simple valve
of this kind, along with the clamp connecting-piece belonging to it.
The spindle carrying the sealing plug is removed by means of a
spanner.

Since there is a possibility of rusting, valves for oxygen must
have no internal steel parts. Iron oxide, combined with oxygen
under pressure, may cause ignition. The parts are, therefore, made
of brass or bronze. Conversely, sealing valves for acetylene cylinders
must not be made of copper, which forms explosive compounds with
acetylene, but must be made only of steel.

The following points regarding the handling of cylinders and
~ cylinder valves are specially to be noted.

Oil and grease in contact with oxygen under pressure tend to
ignite and cause explosions. These materials, as well as talc, paraffin
and leather packings, should be avoided at all costs. Even oily rags
or greasy hands may be sources of danger.

If large quantities of oxygen are taken from the cylinder, for

example, when a large welding torch is connected to it, or during
cutting, freezing of the cylinder valve may easily be caused on
account of decreased temperature set up by expansion, and this
may cause the water which is always contained in oxygen, to freeze.
This freezing may easily be observed by the formation of hoar frost
and the backward movement of the pressure gauge needle. Conse-
quently, cylinders should not be emptied in less than half an hour.
This corresponds to a maximum take of 7 c. ft. per minute. If the
valve is frozen it should not be thawed by means of a flame or in-
candescent tool.
-} Similarly not more than 4 c. ft. of gas per minute should be
taken from an acetylene cylinder. The reason for this is different,
and is due to the fact that, with large gas takes, acetone is drawn
over from the cylinder. If the censumption of oxygen or acetylene
is greater than the figures given, several cylinders must be cod-
nected together.

The cylinders should be treated carefully and, above all, they
should not be thrown about. This precaution should be observed
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especially in winter because of the brittleness of the cylinder material.
They may be protected against accident by suitable cylinder con-
tainers or stands.

For transport purposes, it is preferable to lay the cylinders flat,
and during working it is most convenient, especially with oxygen,
to place them in the horizontal position. On the other hand, cylinders
of acetylene should never be laid flat during working, otherwise
the acetone will flow out. In conclusion, the cylinders should be
protected against artificial or natural heating as the gas is already
subject to a sufficiently high pressure and any increase of pressure
due to heating may lead to damage.

Pressure Reducing Valves—For welding purposes the pressure
under which the gas stands in the cylinder must be reduced. For
this purpose a pressure-reducing valve is provided for each cylinder.

It consists essentially of the following parts: A high-pressure
connecting-piece, with connecting screw and high-pressure mano-
meter and a low-pressure part with a control screw, working pressure
gauge, safety valve and stop valve. It also carries the hose connecting-
piece. :

Different valves for greater or less pressure reductions are neces-
sary for cutting and welding purposes. The valves are clearly dis-
tinguished by means of a coat of blue paint for oxygen, red for
hydrogen, and white for acetylene.

Figs. 28 and 29 show a very common design of a pressure-reducing
valve for oxygen. It works in the following way. The pressure-
reducing valve is connected to the cylinder valve by means of the nut 1.
When the valve is opened, the gas flows through the passage in
the connecting branch as far as the narrow pressure-reducing channel
2, and, at the same time, indicates the pressure in the cylinder as it
is connecting with the high-pressure manometer. By turning the
handwheel 3, the spring 4 is compressed, and this in turn acts on
the metal disc 5, the rubber membrane 6 and the links 7 and 8
causing the exit nozzle g to open. The gas now flows into the low-
pressure housing until the pressure in the housing is higher than
that corresponding to the setting of the spring 4, whereby the
locking spring 12 starts to function and forces the link carrying the
hard rubher plate hard against its seat. At the same time, since a
pressure drop is set up, due to the oxygen flowing through the valve,
the membrane 6, which is loaded with the pressure of the control
spring 4, is only compressed, until spring 4 again overcomes the
back pressure of spring 12 and, therefore, gas may escape from the =
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cylinder. The working pressure gauge indicates the pressure in the
low-pressure chamber.

In order to prevent the pressure from rising above a definite
amount, on account of lack of tightness or damage to the valve seat
at 9, a permanent safety valve 10 is fitted which should not, how-
ever, be fitted to the flange itself as is shown in the figure. This
requirement is fulfilled
in newer designs of
valves.

In addition, the
sleeve 11 is fitted in
the connecting piece
before the expansion
passage, in order to
protect the pressure 9
reducing valve against
the danger of being
burnt out. It works
by conducting away
the heat of compres-
sion which is generated
in the nozzle when the
cylinder valve is opened
and in this way the
ignition temperature of R
the hard rubber is not N
attained. There are
other equally suitable

safety devices for pre- Figs. 28 and 29.—Section through a pressure-reducing valve

venting burning out, 1Nt x czouien pruage: o band wheels . sorio;
fOl’ example, turbu- nozzle; 10, safety valve; 11, fire-protecting sleeve; 12, spring.
lent flow nozzles, but '

felt packings have not proved suitable.

In addition, the propagation of an explosion from the torch
side may be prevented by coupling in a safety cartridge. This is
screwed on to the controlling cock, i.e. on the low-pressure side of
the reducing valve. The hose is connected from this to the torch.
The non-return valve which is fixed in the safety cartridge allows
the gas to flow only in the direction of the torch and prevents a return
flow, and while the gas may flow through the fireproof porous filler
material with its numerous small channels it holds up an explosion
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wave which is travelling from the torch through the hose and brings
it to rest. It should be tested against striking back, and there is also
the danger of breakage during transport.

Pressure reducing valves of the type described are unable, how-
ever, to maintain a uniform pressure over a long period of time.
On account of the gradual reduction of the cylinder pressure, the
sealing spring 12 opposing spring 4 is subjected to a greater load,
and this can only be neutralized by adjusting the handwheel 3
which actuates the back pressure spring 4. In order to prevent a
reduction in the working pressure, various methods have been pro-
pounded.

In modern constant pressure- reducmg valves, the method is to
replace the lever link, which
is inside the valve previously
described, by a helical spring
which, at the same time, fulfils
the function of the sealing
spring and is so controlled by
the pressure existing in the
cylinder at the time, that it
presses more or less strongly -
against the packing seat so
that it is unnecessary to carry
out any subsequent adjust-
ment. .

Recently, single- or double-
. stage piston valves have made

Fig. 30.—~Constant-pressure reducing valve great headway Fi lg 30 shows

a valve of the former type, the
mode of operation of which may be clearly seen from the drgwing.
An adjustable membrane, which is gulded by a sprmg, has also been
provided in this type. When the valve is adjusted it presses through
a sphere on to a piston, which is fixed in the middle of the valve
and, by means of a thrust link, which bears on a centre which is
made of metal to increase its life, this in its turn pushes the hard
rubber seal plate and so opens the valve. When the pressure in the
valve has risen to such an extent as to overcome the resistance. of
the membrane spring, the closing spring presses the sealing plug
on its seat again and closes the valve so that the piston returns to its
initial pesition. When the pressure in the valve tends to sink, the
process starts once more. : . .
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If the pressure in the valve rises due to diminution in the take
below a certain amount, the membrane is forced out of its normal
position. The piston does not move along with it, and consequently
the sphere is raised off its seat on the membrane and the gas may
escape through the opening into the outer chamber and hence into
the air. This arrangement describes the safety valve.

A vertical type of piston valve is also made. Double stage valves
consist of two single-stage valves which are similar in their operation
and are built in series. The former stage usually reduces the pressure
automatically to 15 atmospheres and cannot be regulated externally
except by special adjustment. This arrangement has the advantage
of providing a perfectly straight line pressure distribution even at
low temperatures. In addition, it provides the best protection
against burning out the valve. In the first stage, which is provided
with a rather larger outlet for the oxygen which passes through it,
there is no possibility of heating up the hard rubber sealing plug to
the dangerous ignition temperature of 510° F. (265° C.), since the
piston is always raised off its seat, depending on the pressure reduc-
tion, and the heat can be conducted away to the body of the valve.
In spite of the narrower inlet hole in the second stage, no com-
pression can take place which is sufficiently large to raise the gas
to the ignition temperature.

The Welding Torch.—The welding torch, termed * Torch ” for
short, is the welder’s tool for fusion gas welding. Good work may
only be expected when the welder is provided with a sound torch
and when it is always kept in good condition. As there are a large
number of torches on the market which do not fulfil all the con-
ditions required of them, care must be taken when selecting one. In
the following pages are detailed the main points to which attention
should be given.

The torch is responsible for mixing intimately the oxygen and
' whatever combustible gas may be used, and enabling the correct
setting of the most suitable flame for welding to be obtained. It
should be easily manipulated and not too heavy so that the welder
is not hindered or fatigued during his work.

In all torches the main chamber is designed as the handle and
to this are fitted the pipes for oxygen and the combustible gas. The
mixing pipe with the torch tip is connected to the handle pipe, and
in- this pipe the mixing of the gases takes place. Pfessed brass is
usually used as the material for the handle and the mixing pipe
and recently various light metals’ have been used. Copper is used
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for the torch tip. Care should be taken that the design of screwed

parts and the tips is robust and clean. The inner parts should be

~easily accessible and, most of all, the weight should be evenly dis-
tributed fore and aft the handle.

Both gas pipes are provided with a suitable closing device in the
shape of a cock or preferably a valve. The acetylene valve, at least,
should be situated near the hand which guides the torch, so that it
may be comfortably operated during welding, should it be found
necessary to regulate the supply of gas. In old types of torches the
closing device is often found behind the hand. For the reasons
which have been given this is unsatisfactory.

If the gases are fed into the torch at different pressures, the
oxygen, which is at a higher pressure, is responsible for drawing in
the acetylene in quantities which should be at least equal to the
quantity of oxygen for any setting. This is achieved by means of an
injector with a mixing nozzle, similar to the steam or water injector.
If acetylene at a higher pressure is available it may be supplied at
the same pressure as the oxygen and, in this case, a simple mixing
nozzle is sufficient and the injector principle may be dispensed with.

As a rule, a distinction is made between (a) Injector torches,
(b) Mixing nozzle torches, because of their different methods of
working.

From what we have previously said, it will be realized that these
terms do not correctly indicate the way in which the torch works.
The injector is also coupled with a kind of mixing nozzle so that
the gases may be intimately mixed with one another. Equally un-
satisfactory is the distinction between low-pressure and high-pressure
acetylene torches, since the injector torch is frequently used for
high-pressure acetylene and, in this case, the acetylene pressure is
set at a slightly less.value than the oxygen pressure. It is preferable,
therefore, to distinguish between them as follows: (a) Injector
torches, (b) Injectorless torches.

Fig. 31 shows the layout of an injector torch. The main part is
the injector, through the central opening of which the oxygen flows
at high velocity under a pressure of between 15 and 45 lb./in.2
In this way, the acetylene, which is at a lower pressure, is drawn by
the injectot through the surrounding annular space. Both gases
then mix in divergent conical portions of the pipe and, since the exit '
opening diameter of the torch tip is less, the velocity decreases and
the pressure in the mixing pipe rises. This pressure is converted
into exit velocity at the exit from the tip of the torch.
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This opportumty will be taken to pomt out a disadvantage in the
construction of the torch as is shown in the layout. The acetylene
is led in through the handle pipe itself, and this is situated before the
injector. 'The oxygen pipe is enclosed in the handle pipe and is
surrounded along its whole length by the acetylene pipe. With this
arrangement, there is the danger that the oxygen may get into the
acetylene line, which is at a lower pressure, if the pipe, which has

Mixing Acelylene
Chamber
/ /———‘-- [ —— b

‘ / Injector Annular Space ﬁ!r/lccty/ene

Fig. 31.—Lay-out of an injector torch

been provided for it, proves for any reason not to be tight. Hence,
attention should be paid to the provision of a special line for the
combustible gas as well, which should be placed alongside the
handle pipe as far as the injector nozzle and only then should it feed
into the annular space. Holes which are drilled in the handle pipe
will allow gas to escape into the open air, should leaks occur.
Various drawbacks which are associated with the injector, and
which will be discussed in detail in the following pages, have resulted
in a return to the injectorless torch for use with acetylene, of the

Mixing Chamber M’}"W Nozzle Oxygen
DUA=—=d

e N M=}
Acetylene

Fig. 32.—Lay-out of an injectorless torch

type which is used with hydrogen. This only occurred when suc-
cess had been achieved in supplying acetylene at a higher pressure.
- The layout of an injectorless torch (mixing nozzle torch) is shown
in fig. 32. Oxygen and acetylene enter the mixing nozzle through
separate pipes. In order to ensure a neutral flame, the gases are led
to the torch at approximately the same pressure. The processes
which take place in the mixing nozzle and at the outlet through the
tip are similar to those which occur in the injector torch.
‘In order to be able to use a suitable flame, both for injector
torches and injectorless torches, corresponding to the various thick-
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nesses of material, and the heat conductivity of different metals,
it must be possible to change the mixing pipe, and, in any case, the
torch tip. Admittedly there are torches which are not provided
with devices of this kind, and these are known as Non-variable
Torches. They are only used in places where a definite type of
weld is frequently repeated, for example, on mass production work
or on use with plates of limited thicknesses. In other cases, if non-
" variable torches are being used, one torch must always be exchanged
for another if a new piece of welding work is necessary or if a stronger
or weaker flame is required. In general, therefore, non-variable
torches are not satisfactory.

Figs. 33 and 34.—Combined welding and cutting torch

The usual arrangement is to supply a torch with interchangeable
tips. These torches are termed Variable Welding Torches in con-
trast to the non-variable torches. Consequently, there is a con-
siderable difference between injector torches and injectorless_torches.
In the latter case only the screwed tip is changed. As a rule a set
of 4 to 8 interchangeable tips are supplied for various flame strengths.

For injector torches, however, it is insufficient to change the.
tip alone, since the dimensions of the injector and the size of the
passages in it must bear a definite relation to those of the mixing
pipe. Consequently, in injector torches, the mixing pipe is made
in one piece with the tip and the injector is made in one piece with
the mixing nozzle, and these are made interchangeable. Figs. 33
and 34 show an injector torch"which can be converted into a cutting
torch by means of a suitable fitting, and this will be discussed in
greater detail in the third part of the book. The oxygen nozzle
forms a tight joint with a conical face which provides a seating for
it in the handle pipe. Since it is quite easy to get a leak at this place
which will allow the oxygen to get back into the acetylene line and
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result in the formation of an explosive mixture, special care should
be taken to ensure that the welding tip sits tightly on its seat. So-
called safety variable head welding torches, which are supposed to
overcome the danger by conducting the oxygen into the open air,
should a leak occur at the seat, have proved unsatisfactory.

The danger of the oxygen getting back into the acetylene line
exists with all torches and this may also be caused by blocking up
the tip through impurities or by unskilled lighting or shutting off
of the welding flame.

There is also the further danger, which is especially existent in
low-pressure installations, in which the acetylene gas is at a lower
pressure than the oxygen, that a highly explosive mixture of acetylene
and oxygen may form in the acetylene line and may result in an
explosion wave, if a blow-back occurs in the torch.

It is very easy for a flame to strike back inside the torch, when
the torch is heated and this cannot always be avoided. It is neces-
sary that blow-backs should not pass farther along than the mixing
pipe and they should be damped down there and further combustion
of the flame inside the torch should be prevented. This may be
achieved by suitable design, by making the inlet and outlet diameters
for the gases in the nozzle and tip of a definite ratio, which has been
determined by experience. In general, all torches to-day are virtually
safe against back firing. One can convince oneself of the degree of
safety of a torch against back firing by holding it in a narrow angle
formed by two plates, or at one end of a closed pipe, so that the heat
of the flame is thrown back on to the torch. It is better still to test
the safety against back-firing by closing the torch tip suddenly, by
extinguishing: the torch through holding the tip against .a plate.
This method is also useful to test the loss of suction with increasing
temperature.

With injector torches, the heating of the torch has another
effect, viz. to alter the mixing ratio between oxygen and acetylene,
so that excess oxygen is obtained. The welder has then to regulate
the torch to give a neutral flame. In many torches, this phenomenon
increases with increasing temperature to such an extent that finally
it is absolutely impossible to obtain a ratio of oxygen to acetylene
of 1 to 1. Such torches then continue to work with excess oxygen
and the weld can very easily be spoiled. This phenomenon has been
given the name of “ Dilution ”, and it has been explained by stating
that with increasing temperature the density of acetylene is reduced
to a greater extent than that of oxygen and consequently the latter
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is unable to suck through the same quantity of acetylene. Investi-
gations of the Technical High School in Aachen as well as at the
Chemico-Technical State Laboratory, Berlin, and the Technical
Research Laboratory of the State Railways, Wittenberge, have
shown that the reason for this is to be found in the variations in
pressure which are set up in the torch.* Pressure in the mixing pipe
is the factor controlling the
reduction in injector capacity
of the torch. As soon as
l the pressure rises on account
of the heating of the mixing
pipe and the consequent ex-
pansion of the gas, which
acts uniformly in all direc-
tions, experiments have shown
Pressure that the vacuum before the
Distribution injector nozzle, and conse-
quently the suction, decrease
i 1 in the same ratio since this
increase in pressure primarily

Oxygen 0 Mixture GV

Fressure e A

Direction ——e s

e wwwe affects the acetylene which is

Figs. 35 and 36.—Lay-out and pressure distribution ente'r mg at a lower pressure.
in an injector torch . .

From the curves in Figs. 35

G, Gas; O, oxygen; GM, mixture .
: and 36 the processes which

occur will be quite clear, if it is borne in mind that the zero line is
displaced downwards when the torch is heated. In consequence,
the pressure in the mixing pipe is increased and this results in
a diminution of the vacuum before the 1nJector nozzle which
decreases almost to zero and causes the loss of suction capacity.

Up to the time of writing there are few torches in which the
injector effect remains sufficiently constant with large increases in
temperature, that a neutral ratio of oxygen to acetylene can be main-
tained. Success can only be achieved in this direction by suitable
design based on experience and, as yet, the matter has not been com-
pletely cleared up.

When low-pressure acetylene is being used, good torches with
a high suction capacity are definitely to be preferred. It must, how-
ever, be pointed out that, with most torches the suction capacity

* Wallichs and Mues, * The Behaviour of the Welding Torch duhng a change
of Pressure conditions between oxygen and acetylene ” Autogene Metallbearbezmng,
Vol. 22 (1929), p.~146.
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cannot be completely maintained if, at the same time, the necessary
safety against striking back is provided. One of the two is always
gained at the expense of the other. Consequently, with injector
torches, which are to be used with acetylene at high pressure, more
stress is laid on their safety against striking back than on their
suction capacity, as this is not so important because high-pressure
acetylene will always continue td flow even if the vacuum before
the mixing nozzle is reduced. It will, of course, always be necessary
to regulate the torch when it heats up. In some cases this unfortunate
state of affairs has led to the adoption of the injectorless torch which
is used in oxy-hydrogen welding, since it was thought that it would
not be necessary to exercise the same degree of control, as both
gases are available at the same pressure. It should not be forgotten,
however, that this torch has also to be regulated because of changes
in pressure in the acetylene or oxygen line. In consequence, opinions
vary, to-day, as to whether the injectorless torch, with high-pressure
acetylene, is definitely preferable, providing special precautions are
taken to ensure equality of pressure and quantity. This quality has
been sought in a special design known as the ““ Frama ” torch.

This consists of a mixing nozzle torch, provided with a throttling
device where the gases enter and this may be adjusted to give a de-
finite flame size and to ensure that equal quantities of both gases
flow in, so that the theoretical mixing ratio is available. -

Another special design is the two-flame torch which has recently
been introduced into various countries. The object of this is to in-
crease the welding speed. A most excellent design is that which
has at the end an asbestos covering which is common to both tips.
In order to protect the covering against damage it is surrounded
by a light copper sheath. If this end piece is dipped in water before
welding, the insulating material becomes saturated with the water
so that, due to the vaporization of the water during welding, a cool-
ing effect of the tip is obtained by the absorption of heat.

Torches with three or more flames have also been constructed.
Since it is difficult to observe carefully a large number of flames and
since the advantage which is obtained with the two-flame torch is
not essentially improved upon, torches of this type are less to be
recommended. ,

Handling of the Torch.—From what has been previously stated,
it is obvious that the welding torch is a very sensitive tool, and must
accordingly be handled with care, if it is hoped to carry out satis- -
factory work with it. Care should be taken to see that it is protected

(3674) . 3
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against injury, when it is being used. If long interruptions in the
work occur, it is better to put it in a special tool-box which is used
to hold the welding tips and other fragile welding accessories. In
order to relight the flame the welding bench is provided with a small
light.

If welding work is carried out at various places, it is better to
use matches for lighting the flame, and the welder can carry these
with him. 4

When hydrogen, illuminating gas, benzine and benzol vapour
are being used, the combustible gas is first lit and then the oxygen
is turned on. Conversely, when the work is finished, the oxygen is
first turned off and then the combustible gas. With the acetylene
torch, the position is reversed. The valve in the oxygen pipe is first
opened, and then that in the acetylene pipe, and it is only lit when
the gases have mixed. If the same procedure were adopted as with
the previously mentioned gases a dirty, sooty flame would be ob-
tained from the acetylene. When the torch is put down, the acetylene
is first turned off and then the oxygen. If a back-fire occurs the gas
line is first shut and then the oxygen line and a short wait should be
made before lighting the torch again. With a design which is safe
agamst back- ﬁrmg, the torch tip may be rubbed, without risk, on a
piece of wood in order to clean the tip.

If the torch has got choked up during working, the copper tip
must only be cleaned with a copper needle or a piece of sharpened
wood, otherwise the nozzle diameters will be increased and the tip
will soon be rendered unfit for service. Spots of soot which are
caused by back-fires may best be removed by washing down with
soapy water, benzine or potash lye. A warning is here given against
the use of reamers.

Finally a sufficiently large vessel of water should be kept on the
welding bench so that the torch may be cooled from time to time.
It is frequently necessary to cool down thetorch when work is being
carried out which causes the nozzle to heat up quickly, as is _the
case when large objects are being welded or when welding is being
carried out in corners and hollow places, which cause the heat to be
thrown back. When the torch is dipped in the cooling vessel the'
gas should be shut off as, if a back-fire occurs, the flame may con-
tinue to burn in the torch, and the gas which flows out in the water
may give rise to explosions, if it is ignited for any reason.

All modifications and -repairs to torches should only be carried
out by experienced workmen. As a rule, welders cannot-be regarded
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as falling in this category. If a special fitter is not available, it is
preferable to have the necessary work carried out by the manu-
facturers.

Welding Accessories.—The hoses, which provide the connexion
between the welding torches and the gas supply or pipes connected
to it, are made of rubber and reinforced by linings or coverings of
linen. Wire wrapping cannot be recommended since, if this is used,
the hoses lose their flexibility. In general, all the dimensions of the
hoses for oxygen and combustible gases are standardized, and should
be ordered in accordance with German Industrial Standard 1go1.
The same Standard applies to sockets for hoses which have been
standardized under Standards 190z and 1903. The ends of the
hose are drawn over the sockets and fixed with clamps. When
leaks at connexions are being looked for, this should be done by
brushing them over with soapy water. The hoses should be
tested every month by a pressure test with compressed air or
water. As a rule leaking hoses are the cause of setting the hose .
on fire.

During working, care should be taken not to let the hoses lie on
the ground where they may be damaged by people stepping on
them or riding over them. They should also be laid where they
cannot be set on fire by 1ncandescent pieces of metal which may
flow or drop on them.

Fixed Gas Mains are used in permanent plants to feed the gas,
and also in some cases to feed oxygen from a central station to the
working benches. Instructions are given in the Supplement to the
“ Technical Principles of the Acetylene Association for the Con-
struction and Erection of Acetylene Plants ”’* dealing with the
arrangement of pipe lines for acetylene, their protectlon against
accumulation of water and frost, the design of pipe lines and any
work on gas equipment which is already in service, and this should
be closely followed. Badly laid out pipe lines always result in con-
siderable drops in pressure.

It should also be borne in mind that copper must not be used for
acetylene mains since this forms an- explosive compound with acety-
lene. Copper pipe or drawn steel pipe may be used for oxygen lines.
The latter may | be made with a smaller wall thickness and are cheaper
in initial cost, aithough they have not the same length of life as copper
tubes.

The mains are dxstmgulshed by painting them, and acetylene is
* Similar regulations may be obtained from the British Acetylene Association.

)
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painted yellow, with white, and oxygen blue with ycIIow rings. For
other gases see Standard 2403.

Goggles are the most important protective equipment for the
welder. For fusion-gas welding they should protect him against heat
and dazzling light rays.* There are goggles in which the glass is
blue or red or green or yellow or grey, but the yellow-green variety
has proved the most satisfactory. The most important thing, how-
ever, is the chemical composition of the glass. Goggles of the spec-
tacle variety are frequently preferred because they need not be taken
off during interruptions in welding. Just as frequently, however,
they are objected to. In any case, goggles should not be made of
heat-conducting material, where they touch the skin on the face.

When large quantities of heat are to be dealt with, it is necessary
to have asbestos gloves, asbestos masks with sight glasses and asbestos
aprons in order to protect the welder and these should also protect
him against flying sparks.

Respirators which cover the nose and mouth provide protection
against the breathing of poisonous gases and vapours which are set
up in the welding of zinc, lead, bronze and brass. In such cases,
however, it is also necessary to provide a suitable suction fan, on
the welding bench.

If it is always possible to bring articles which have to be welded
in large quantities to one place, it is advisable to equip a specially
closed-in building as a welding workshop. The building should be |
as tall as possible, airy and light, but kept free from sun in order to
protect the eyes. The welding benches should be so arranged that
the welder can sit on a stool and have his welding work comfortably
before him. It is preferable to provide equipment above thie welding
benches to take away gases and vapours. A fitting on which the
torch may be hung and a water container for cooling the torch
should be provided on the bench. All pipes should be brought to
the welding bench from above. The welding workshop should have
sufficient room to allow large articles which cannot be put on the
welding bench to be set up, and these should be set up on blocks
so that the welder need not bend over or kneel down in order to
carry out his work. )

b Kanther ‘ Goggles for welding work ”, Autogene Metallbearbeitung, Vol. 22
(1929), p. 153 B .
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(b)) ARC WELDING

The Arc

Whilst the flame which is produced by the combustion of a gas
with oxygen serves as a source of heat in fusion-gas welding to melt
the parts of the article and the welding rod, in arc welding this source
of heat is the electric arc. The term ‘ arc ”’ has been taken from
illuminating technology, where the purpose of the arc was to
provide illumination, whilst the generation of heat was regarded as
an unavoidable complement. In welding with the arc the position
is reversed. Here the heat is employed and the illuminating effect
is a source of trouble which cannot, however, be avoided.

For welding purposes the arc may be drawn between carbon and
carbon, carbon and metal, or metal and metal. As will be dis-
cussed at greater length later, various welding processes may be
evolved from these arrangements. The arc,’which is drawn between
metal and metal, is_the one which has attained considerable impor-
tance in welding technology. In some cases, however, the arc is
struck between carbon and metal or between two tungsten electrodes.
In the first two cases, the article, which is to be welded, forms one
of the electrodes, whilst the other is formed with a carbon rod or
metal wire which is melted down.

A flow of current is set up by striking the material with a welding -

rod or carbon electrode, and this results in the heating of the cathode
and the ionization of the air space which, according to the electron
theory, is necessary to maintain the arc. It is also possible to strike
an arc without contact between the welding rod and the article, but

a high voltage is necessary for this, and it can only be achieved in -

practice with high-frequency currents.

The Temperature Conditions in the arc have only been meagrely
investigated. Measurements which may be made with the aid of
a pyrometer offer great difficulties. Measurements, which are known
at the present time, differ considerably from one another, and the
temperatures which are set up during welding with metal electrodes

have not definitely been determined. The values which have been ‘

obtained vary between 5400° F. and 6800° F. (3000° C. and 3800° C)."
With direct current the temperature drop from positive to negatxve
amounts to about 750° F. (400° C.).

The most brightly illuminated portion of an arc occurs at the

/
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end of the electrode. Three zones in the air space should be dis-

tinguished from one another. In the middle there is a violet
illuminated cone surrounded by a darker fringe, and both these are
surrounded by a bright yellow illuminated misty mass of gas, the
aureole, in which the small particles of the electrode, which are
thrown out, burn in the air. The arc also contains in large quanti-
ties, invisible rays, the so-called ultra-violet and infra-red rays,
which are extraordinarily dangerous for organic tissue and the eyes,
so that special protective devices have to be adopted for the parts
which may be subjected to danger.

In early days, direct current was exclusively used for arc welding,
but recently alternating current has been used and this is cheaper,
although it is more difficult for the welder to maintain the arc.

A direct current arc develops its maximum heat at the positive
electrode, since the current has to overcome a greater resistance on
exit. As a rule, this is employed in welding by attaching the positive
electrode to the article since it can conduct more heat than the light
welding rod (negative pole welding). The opposite procedure is
adopted with thin plates since the position is reversed. In special
cases, satisfactory welding is only possible when the positive pole
is connected to the welding rod (positive pole welding).

In the alternating current arc on an average equal quantities
of heat are produced at both electrodes, since these change their
polarity many times per second, and the production of heat is dis-
tributed equally between cathode and anode. Alternating current
is, therefore, at a disadvantage in this respect as compared with
direct current, and this point will be shown more clearly later.

It has been proved that a higher voltage is necessary to strike
. the arc than to maintain it during welding, the so-called striking
voltage, whereas conversely the current strength increases. There
is a definite voltage corresponding to every value of current strength
in the arc. If the associated relationship between current strength
and voltage is plotted on a system of co-ordinates with the hori-
zontal axis (abscissa) as.the current strength and the vertical axis
(ordinate) as the voltage, a curve is obtained which shows the elec-
trical character of the arc, and is hence termed The Arc Characteristic.
Previously it was only possible to determine satisfactorily the
characteristic of a pure carbon arc. From experience gained during
welding, however, it may be safely assumed that characteristics for
arcs between carbon and metal and for pure metallic arcs are similar,

.When a flow of current first takes place there is a maximum
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value of the voltage, the peak value; afterwards there is a gradual
decrease in the voltage with increasing current. During this period
there is a regular burning away of the electrode. If the voltage has
reached a definite critical point, however, it falls rapidly. With a
slight rise in current, the arc becomes unstable and begins to jump
about until finally, in a third period, in which the voltage does not
alter appreciably, it begins to hiss and sizzle, which is an indication
to the welder that he must reduce his current, since the current
strength is too high and the arc is overloaded.

Therefore, welding may only be carried out in the stable zone.
In welding with a metallic arc, however, the welding voltage auto-
matically adjusts itself. Depending on the size of the welding wire
which is used, and the most suitable current strength for it, which
is adjusted according to how the arc is struck, a voltage of about
15 to 25 volts is necessary, and in special cases from 45 to 65, whereas
in welding with an arc from carbon to metal abqut 45 to 65 volts
are required.

As will be clear from what has been previously stated, it is impor-
tant in welding technology for the arc to have a so-called drooping
characteristic, and the supply of current must be adjusted to these
conditions as will be discussed later.

It has been further shown in welding with the metallic arc that
definite currents and voltage strengths invariably give the best
results in the quality of a welded joint. It has been correctly assumed
that these are due to the conditions existing in the arc during the
transfer of the metal. It was, therefore, of considerable scientific
importance to clear up the way in which this transfer of metal takes
place. It had first to be established whether the transfer of iron took
place in large or small drops or as a kind of mist or in the gaseous
state. For a long time opinions were very vague about this matter.
One view was always held more generally than any other, namely
that the transfer took place in drops, and this has been confirmed-
by recent investigations.

The first proof was afforded by pictures of the welding process
provided by the oscillograph which made it possible to register on
a film the variations in voltage and current during welding, as a func-
tion of the time. Figs. 37-39 show oscillograph records of this kind.
The upper cutve shows the variations in voltage and the lower curve
the variations in current. It may be clearly seen that at first an
oscillating voltage, which is practically constant, exists in the arc,
and that over a period the arc voltage gradually sinks and then
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suddenly falls almost to zero, resulting in a sort of short circuit which
is shown by the simultaneous increase in the current. Just as quickly
the voltage rises again to the welding voltage. The process is re-
peated in more or less regular periods of time. It could, therefore,
be assumed that at first a molten, bubbling drop is formed at the

Figs. 37-39.—Oscillograms for electrodes

end of the electrode which gradually approaches the article, so that
the distance between them is decreased and the welding voltage
is diminished. Further, it could be concluded that the drop is then
transferred to the work, and thereby a short circuit is set up ‘which
was indicated in the oscillogram. Then the drop suddenly breaks,
causing the formation of an air space and the arc is formed once more
and the process is repeated.

In this respect, it is interesting to note that the process is delayed
when covered electrodes are used, as is shown in figs. 38 and 39.

At the same time, it was not satisfactorily established by means
of the oscillograph, whether this hypothesis definitely applies.
The reduction in voltage and the short circuits could equally be due
to, and could be explained by, other causes, such as the bubbling
over of the molten bath and the unintentional contact between the
electrode and the article due to the unsteadiness of the welder’s -
hand.

A perfectly clear picture of the processes in the arc was first
obtained when; after great difficulties, success was achieved in
photographing the arc during the electric processes and registering
these processes on a cinema film.

It was due to the success of the investigations of Thun and
Hilpert that a photographic reproduction of the welding process
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was obtained, which satisfied all requirements and gave a perfectly
clear picture of the process. In addition, it provided a series of
new discoveries, which have become highly important for the further

development of welding technology.*

Intense illumination of the arc, which previously
made it impossible to recognize what processes were
going on within it, was countered by the use of a
subsidiary source of light, which illuminated the
welding arc and nullified the aureole and rendered
the iron vapour invisible. The metal which was
being transferred was thrown on a bright background
as a silhouette and stood up clearly on the strips
of film. By the success in obtaining exposure
periods of 1/150,000 of a second up to 1200 pictures
per second, which could be shown at an increased
exposure speed of 120 times, so that an observation
period of 2 minutes was given for processes which
took place within 1 second, it was possible to follow
these processes with considerable accuracy. It was
shown that the transfer of iron actually took place in
large or small drops which frequently required a
period of transfer of anly 1/2000 of a second.

Fig. 40 shows, in 28 separate pictures, a portion
of film strip which indicates clearly the transfer of
two drops. The portion which lies between two
pictures is the raised portion of the article shown as
a silhouette. In addition the electrode which is
sloping from left to right is visible as a silhouette.
The dark surface which may be seen to the left of
this is caused by the guide clips on the film and
should not be allowed to mislead the reader.

In pictures 1 to 7, the arc, which is being blown
to the right, may be seen. In pictures 8 to 11 it
may be seen that a drop has formed on the electrode,
which bridges the gap between itself and the article.
In pictures 12 and 13, the drop has parted and in pic-
ture 14 the arc has once more begun to form, Pictures

Electrode
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Fig. 40.—Transfer of
drops in the arc

15 to 19 show the arc once more, pictures 20 to 24 the second transfer
of a drop, and pictures 25 to 28 the new arc which is formed.

* The Free Communications of the Technical Committee for Welding Tech-

nology of the Association of German Engineers (1928), No. 9.
(B 674)

3e
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In addition, it was established that two types of drops are formed

which differ fundamentally from one another, namely, the thread-
shaped form of material transfer and the mushroom-shaped form.
In the former case, the end of the welding rod shows no thickening.
Molten material .is drawn towards the article being welded and, in
this instance, capillary forces would appear to play some part. In
the second case, the end of the welding rod experiences a thickening
effect. It would appear that this possesses a very high temperature.
In contrast to the thread form of material transfer, capillary forces
between the article and the electrode would appear to be of negligible
iraportance in this case compared with the surface voltage. The
thickened portion is transferred in the shape of a mushroom. When
the article is agitated vigorously the mushroom may approach very
close to it, without, however, being transferred to it. Only after a
relatively long period does the transfer take place. Hence two cases
are to be distinguished. In one case a series of threads is formed,
and the mushroom is transferred as a wide stream and the material
transferred, therefore, assumes a threadlike form; in the second
the mushroom separates from the electrode as a whole, passes to
the article and remains on it as a spherical-shaped drop, without
resulting in any junction between the article and the electrode.
" These differing types of transfer are doubtless due to the current
conditions and the kinds of wire. Photographs which wese taken
under various conditions indicated how the most favourable are
to be arrived at. )

By means of simultaneous investigation with the slow-motion
camera and by comparing oscillograph records with the film, a method
is, therefore, available, for determining the time ratio between the
duration of the arc and the duration of the drops, and also for deter-
mining the number of drops, both depending on the current strength
and the voltage. By this means it was established that the most
favourable time ratio and the maximum number of drops was
attained with a current strength of 180 amperes and a voltage of
18 volts.

Up to quite recently there- had been no explanation of the
phenomenon why, with normal mild and bare steel wire, molten
drops of filler metal always took the path from the negative to the
positive pole, whereas with hlgh carbon, hard wires and also with
many alloyed or covered wires, they preferred the path from the
positive to the negative pole, i.e. in the reverse direction. Since it
was usual to connect the welding wire to the negative pole and to

-~
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connect the article, which was more difficult to melt, to the hotter
positive pole, it was usually assumed that the molten metal was
always attracted to the article because it was drawn towards it by the
preponderating surface voltage of the latter. Even more inexplicable
was the behaviour of high carbon wire.

With reference to this matter, an explanation has recently been
put forward from the work done by a German investigator.* The
electron theory teaches us that both poles emit electrons which
arrive at the opposite poles at high velocity where they convert their
kinetic energy into heat. The fact that the temperature at the positive
pole is considerably higher proves that the energy of negative elec-
trons is considerably higher than the positive; consequently the
stream of electrons moves in one direction from the negative to the
positive pole. Hence it may be concluded that the stream of electrons
bears the drops along with it and leads them to the positive pole. In
this way also the phenomenon that satisfactory overhead welding
can only be obtained when the electrode is connected to the negative
pole, is explained. The stream of electrons conveys the molten
material upwards, even against gravity. Strelow therefore assumes
that when welding with alternating current this driving force always
occurs when the electrode is negative.

It has been shown, moreover, that certain material compounds
in or upon the electrode strengthen the electron stream and,
conversely, other compounds weaken its effect. Iron oxide belongs
to the former and carbon to the latter. It is well known from the
arc lamp that carbon always passes from the positive to the negative
pole. The positive carbon burns almost twice as quickly as the
negative. The property of carbon monoxide to facilitate the exit
of electrons from the negative pole has, therefore, led unintentionally
to the covering of wires so as to add this material, a matter which
will be discussed later. Up to the present, the advantage that the
arc was easier to maintain with covered electrodes than with bare
electrodes was based on the fact that the gas shield from the
vapourized covering protected the arc. From what has been said,
a new explanation is forthcoming, namely, that the arc is easier to
strike and more stably maintained by the presence of iron oxides
and various other materials.

On the other hand it has been shown by photographs of the arc-
that the drops roll off the ‘electrode and are only ejected with diffi-

. * Dr. Strelow, “ Processes in the Electric Arc and their Irifluence on Welding
w;th bare and covered electrodes ”’, Die Elektroschweissung (1932), Vol. 5, p. 81.
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culty when the electrode has a high carbon content and is connected
to the negative pole. Hence the difficulties of welding with high
carbon electrodes at the negative pole and their behaviour, as con-
trasted with electrodes of mild steel, may be thus explained.

Welding Machines and their Accessories

The electric current for lighting and power purposes is produced
from a dynamo and usually conducted to the points of consumption
by means of a system of mains. Since these mains are usually at a
voltage of 220, 380 and 440, and since in welding with the arc
voltages higher than 15 to 25 volts can seldom be used, the current
for welding purposes cannot be directly taken from the power mains.
The high mains voltage must, therefore, be reduced to the lower
welding voltage.

The simplest means for achieving this end, practised during the
early days of arc welding, was to couple resistances in the welding
circuit in order to drop the excess voltage by converting it into heat.
This method, however, possesses important technical and economic
disadvantages which will be discussed in detail. In order to reduce
the mains voltage to the welding voltage, direct current converters
or single-phase alternating current transformers are employed
nowadays, depending on whether welding is being done with direct
current or alternating current. At the same time these converters
and transformers must be made different from those which are
used for lighting and power purposes, if they are to be used for weld-
ing, since the two sets of conditions under which the electric current
is used differ essentially from one another.

In ordinary work one is concerned with maintaining a current
at constant voltage. Fluctuations in current not only affect working
very considerably, but have a harmful effect on the machine which
is producing the current and lead to its rapid deterioration. Short
circuits are especially dangerous, since they may result in an extra-
ordinarily high increase in the current strength, where a current is
supplied at a constant voltage. In order to guard against this dan-
gerous result fuses are put in to poweér and lighting mains which
break the current if this rises to a dangerous limit.

In welding, however, short circuits cannot be avoided, and tl}ey
are an essential part of the welding process. Even when the arc is
struck a short circuit is set up on account of the contact between
the electrode and the article. Further short circuits occur every time'

-
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a drop is transferred from the electrode to the article. Therefore,
current supplies at constant voltage cannot be used. The first con-
dition which has therefore to be fulfilled by a supply of current
which is to be suitable for welding purposes is that it must be able
to withstand any short circuit current which may occur. Modern
welding generators have usually to carry high short-circuit currents.
At the same time it is necessary to confine the short-circuit current
within definite limits in order to avoid damaging the machine. In
other words, in order to prevent the electrode and the article from
fusing together and solidifying on contact, it is necessary that
the short circuit current shall be limited to a suitable amount when
contact occurs between the electrode and the article, as well as when a
drop is transferred.

This is only possible when the voltage which is set up at the

- moment when the total arc resistance consists only of the low con-
tact resistance between the electrode material and the article, falls
well below the welding voltage.

On the other hand, a higher voltage is necessary both for striking
the arc, when the resistance of the air space has to be broken down,
and also for maintaining the arc. Since it is formed by the ionization
of the air space, the striking voltage must be higher than the
welding voltage.

In most welding generators the striking voltage is equal to the
open circuit voltage, which is made slightly greater in order to over-
come the voltage drop in the mains and any resistance in the acces-
sories. Only in the most modern machines is the striking voltage
independent of the open circuit voltage.

It is not advisable to select too high an open circuit voltage It
is better to limit it so that too long an arc cannot be drawn, as with
an increase in arc length the absorption of atmospheric oxygen and
nitrogen into the weld increases and the weld is thereby spoiled.
In no case must the open circuit voltage of the current supply be
so high that it constitutes a danger to the welder. Since the work
is connected to earth, the welder may be subjected to the full voltage -
if, by any chance, he touches the electrode. Therefore with direct
current, the open circuit voltage should not exceed 100 volts, and .
with alternating current it should not exceed 75 volts. Unneces-
sarily high open circuit voltages necessitate having large machines
and make these uneconomical.

A second condition for a current supply which is to be suitable
for welding may therefore be written down: * The striking voltage -
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of the current supply must be such that the arc may be easily struck
but the welding voltage must not exceed practical permissible limits.”

From what has been said it is necessary that the arc as well as
the current supply should have drooping static characteristics, since
when the arc is struck the voltage should be higher than the welding
voltage, and on the other hand when contact is made between the
electrode and the article, the voltage should be lower than the
welding voltage.

This requirement does not exhaust all those which have to be laid

1
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Fig. 41.—Current supply characteristic Fig. 42.—Carbon arc characteristics
. for various arc lengths
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down for a current supply which is to be suitable for weldmg
purposes.

If the welding process is to proceed with regularity, as is neces-
sary if a clean weld seam is to be obtained, the arc should not be ex-
tinguished if the distance of the electrode from the article, and hence
the length of the arc, varies within definite limits. It is impossible
even for the most skilled welder to guide his electrode so uniformly
that this state of affairs can always be avoided. The current supply
must therefore accommodate itself to the. variations in arc length
and at the same time to the variations in"voltage and current strength.
We say that the arc must be elastic.

The third requirement, therefore, for a current supply which
is to be suitable for welding is as follows: * The arc should be so
elastic that it is not extinguished when its length is varied within
definite limits.”

The following remarks w1ll indicate how this condition can be
fulfilled. . : -

Fig. 41 shows the charactenstxc of a current supply in its most
simple form as a straight line which satisfies the requirements that
the arc energy is constant, and this, from a law of electric-currents,
is equal to E X I. It is equal to the product of the voltage and the
current. The value P, is the so—celled openmmtormxhng voL.
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tage. The value I, is the short-circuit current. During welding one
works at the point a. From what has previously been said, the
striking voltage should be greater than the arc voltage during welding.
The short-circuit voltage on the other hand should be limited. We
get a high voltage peak, the striking peak, after which the voltage
falls more or less rapidly, while the current strength increases to
a definite value as soon as the voltage has reached zero.

By combining the current characteristic with that of the arc it
can now be determined whether the current supply guarantees an
elastic arc. This characteristic varies according to the arc length.
Fig. 42 shows a series of such characteristics for varying arc lengths.
The characteristic of the current supply, as shown in fig. 41, has been

(29
N L\2
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Amp. Amp.
Fig. 43.—Characteristics for a carbon Fig. 44.—Carbon arc characteristics
arc along with a superposed flat current along with a superposed steep current
characteristic. characteristic.

drawn on these characteristics in figs. 43 and 44. In the first case,
providing welding is done at point a on this curve, the current
characteristic cuts the 6 mm. (024 in.) curve of the arc characteristic.
If, when the electrode is moved, the arc length increases to 8 mm.
(0'32 in.), the arc curves do not intersect, since the arc can only follow
the 8 mm. (0-32 in.) characteristic, whereas the welding point must
always follow the current characteristic. The result is that the arc is
extinguished. It is inelastic.

If the current characteristic, however, is steeper, as is shown in
fig. 44, it is possible when the arc is lengthened or shortened to get
the welding point of the current characteristic to fall on the 8 mm.
(0'32 in.) or 4 mm. (016 in.) arc characteristics respectively, since the
current characteristic cuts these curves. Further, in spite of the
variation in arc length the arc is not extinguished and it is elastic.
Therefore the arc is more elastic the steeper the current charac-
teristic. o . . -

- In practice, the logical step of choosing the current characteristic
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so steep that it cuts as many arc characteristics as possible cannot
be taken because experience has shown that the depth of penetration
is better the flatter the characteristic. If this condition has also to
be fulfilled, the current characteristic must not be too steep. This
is also desirable because losses due to spluttering can be kept within
moderate limits when the characteristic of the current supply is not
too steep, and on the other hand not too flat.

If the machine is to give adequate current for various work, the
choice of the characteristic must be such that a definite compromise
is made between a steep and flat characteristic. For special work,
however, the characteristic may be so selected as to suit the purpose
for which it is required.

The previous discussion has neglected the fact of whether the
current supply is direct or alternating. We will therefore add the
remark that, for both kinds of current, fundamentally similar forms
for the characteristics of current supplies are obtained.

Current Supplies—In arc welding, it has been shown that energy
requirements with currents of 80-1000 amperes and welding voltages
of 18-65 volts are necessary, the current supply having an open
circuit voltage of approximately 45-100 volts. Modern cross field
dynamos, in which the open circuit voltage is only 10 to 30, provide
an exception. As will be shown later, welding voltages of 18-22 are
the most common (welding with metallic arc and steel electrodes).
In special cases, welding is carried out with current strengths of
500-1000 amperes and more, at a voltage of about 65 volts (welding
with a metallic arc and cast iron electrodes) and with current strengths
of 150-300 amperes at a voltage of 40-60 volts (welding with carbon
electrodes).

Welding from the Mains.—Originally current was taken from the
direct current mains of power stations and this current supply is one
which is also used to-day with certain provisions. Since the voltage
of a main of this kind is considerably higher than the voltage neces-
sary for welding, resistances have to be coupled in, in order to
reduce the mains voltage to the welding voltage. In addition, these
external resistances must be adjustable since welding will be done
with various electrode diameters at various current strengths Either
wire-wound resistances made of ordmary steel or alloy wire or fluid
resistances are used. Regulation is achieved in the former case by
switching in or cumng out individual resistance coils, and in the
latter case by varying the depth of immersion of the plates. If we
examine the characteristic of the current supply in fig. 45, we see
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that the external resistances, besides reducing the ‘mains voltage,
act so as to give the current source a falling characteristic and provide
protection against too great an v
increase in the current strength 7
during the short circuit.

The characteristics which
take the form of a straight line
are shown on the figure for a
mains voltage of 110 volts and
have been determined for two
control settings. Curve a shows
the characteristic with an ex- 0T % & 720 760 200 240Amp.
ternal resistance designed to Welding Current
give a welding voltage of 20  Fig.4s—A eharacteristic when welding from
VOItS and a Weldmg Cllﬂ'f?nt Of a, Characteristic for 20-volt welding voltage and
180 amperes. Curve b 1S for 180-amp. we.lding current; b, characteristic _for

20-volt welding voltage and 100-amp. welding
20 volts and 100 amperes Cur- current.
rent. In both cases the short
circuit current has been limited satisfactorily. In the first case, when
the voltage is equal to o the short circuit current amounts to 220
amperes, and in the second case 120 amperes.

The conditions which have to be imposed in order to attain a
regular welding process are therefore fulfilled if welding is carried
out by means of external resistances which are called Smoothing
Resistances.

On the other hand, external resistances of steel wire have a dis-
advantage in that, during heating up, their internal resistance varies
and they have frequently to be adjusted. In this respect wire-wound
resistances made of alloys are better. Water resistances heat up the
water to a considerable extent and decompose it with the formation
of an explosive gas. Moreover, external resistances adversely affect
the economics of welding to a very high degree.

To summarize: Welding from the mains with external resistances
ensures a2 regular welding process,” but it has the following dis-
advantages:

Y
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1. The external resistances have nearly always to be regulated.
2. The efficiency is very low because a large proportion of the
electrical energy is dissipated.

The same applies when wélding is carried out with ordinary constant-
voltage dynamos and transformers.
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For these reasons welding from the mains has been almost
entirely dropped, and with few exceptions welding is carried out
with special machines consisting of direct current converters or
alternating current transformers. Among the former we find motor
generators, which have an adequate constant voltage for striking
the arc, and in which a drooping characteristic can only be attained
by the provision of external resistances, and converters with gene-
rators which themselves give a drooping characteristic.

Welding transformers are also constructed so as to give drooping
characteristics.

Generators with Special External Resistances.—The welding
generator in this case is a compounded machine the voltage of which
remains sensibly constant at all loads. The open circuit voltage
usually amounts to 6o or 70 volts, so that there is a sufficiently high
striking voltage and the arc may easily be struck. External resistances
in the welding current circuit ensure a suitable drooping charac-
teristic, keep the welding process uniform and ensure that the short
circuit current is kept within suitable limits and that the machine
voltage is simultaneously reduced below the welding voltage. The
characteristic is similar to that obtained when welding from the
mains but the efficiency of the machine is very much better as less
voltage has to be dropped. Several welding points may be coupled
to a generator of this type if the generator output is selected high
enough to take care of the energy requirements and the number of
points. In general, it is sufficient to reckon on a maximum output of
75 per cent of the total energy requirement for all the welding points,
as seldom or never will all welding points be working at theitmix:mum
output. Experience has shown that the actual welding time at one
point would amount to from 30-50 per cent of the total working time.

Generators with Drooping Characteristics—The efficiency of a
generator is most satisfactory if it supplies welding current with a
drooping characteristic, since loss of time caused by adjusting the
external resistances is avoided.

With generators of this kind it is naturally impossible to connect
several welding points, since on short circuit the voltage falls to zero,
and therefore as soon as one occurs, either intentionally or unin-
tent;onally, it is impossible to weld at the other welding points. It
is therefore necessary to provide a special welding machine for
each welding bench. In most cases this is not a disadvantage but
an advantage. Firstly, separate welding plants can be better suited

.to requirements, and secondly, they may be built so as.to be portable.
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Wherever weldmg is carrled out at various places “the single plant
is the only one possible.

Therefore, a single welding generator with a drooping charac-
teristic—that is a machine in which anyundesirable increase in current
is accompanied by a corresponding reduction in voltage, and hence
one in which these quantities are automatically maintained within
the limits necessary for welding—is the one which has developed
most rapidly, especially in Germany.

In order to achieve this end various methods are possible. A
very common one is to fit opposing windings on the magnets of the
generator; another is to utilize armature reaction; a third, which
had made great headway in recent years, is to take the welding current
from a strengthened cross field set up by armature reaction and
obtained by special methods.

The way the above methods, which are used for obtaining
a drooping characteristic, work is as follows:

Generators with opposing Compound Windings—These are shunt
wound machines. If a second winding (a compound winding) is
put on the poles in the opposite direction to the shunt winding, the
former weakens the magnetic field and in certain circumstances
completely neutralizes it. Moreover, if the second winding is con-
nected to the external current circuit of the machine to form a series
winding, the desired effect is obtained. The magnetic field is
weakened and the voltage thereby reduced, every time the current
increases.

A shunt winding, which is excited by the machine itself, loses
its magnetism almost entirely when the armature current is short
circuited, since the voltage then falls to zero and consequently self
excitation is virtually reduced to zero. After a short circuit, there-
fore, the voltage only rises slowly, and a certain amount of time-
elapses before the necessary striking voltage is available for striking
the arc again. For this reason, with welding generators of this type,
a separately excited magnetic wmdmg is generally used in place of
a self-excited shunt wmdmg, since the former retains its magnetism
during a short circuit and when this is finished supplies the arma-
ture again with voltage.

Generators with Armature Reaction—The effect of armature
reaction depends on the fact that when an armature consisting of
an iron core with a wir€ winding is rotated so as to produce a current
in the wmdmg of the armature, a second.magnetic field is formed
in the main field of the electro ‘maghets, which weakens and distorts
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the main field to a greater or less extent. The main field is weakened

by one which opposes it, and distortion is set up by a field perpen-

. dicular to the main field. The combination of both of these fields

forms the armature field. By suitably proportioning the opposing

and cross windings and the magnetic properties of the arma-

ture itself, the armature reaction on the main field can be designed,

so that when a definite current is exceeded the armature field acts

as a throttle, and the voltage finally falls to zero. Because of the

reduction in voltage, the current cannot rise to any appreciable
extent. In this way a drooping characteristic is obtained.

Cross Field Generators.*—These are self-exciting, self-regulating

direct current dynamos in which the armature field, which is per-

pendicular to the main field, as has

& been mentioned in all the generators

which have previously been described,

itself provides the necessary current

for welding without any auxiliary

means. The main field itself is short

g_@ circuited. This cross field produces a

second armature field, displaced at

9o° to the direction of rotation,

> and this directly opposes the original

7_’ exciting main field and weakens it.

= According to the external load con-

= ditions, an internal state of equili-

brium between the current strength

- and the corresponding voltage is

™ immediately and automatically set

A
~

-
N

up, in such a way that the resultant
field, that is the main field minus the
N N i i
oo Tz e A armature reaction of the work}ng
current, produces a corresponding

Figs. 46 and 47.—Wiring diagram and
characteristic of & welding generator with assxstmg current, the cross field of

Opposing compound windings and separste  (hioh in its turn, induces the cor-
. rect workmg voltage.

In order to control the primary exciting field thhm the agreed
limits, so that the generator may be regulated to give the’
desired current, there are various possible methods which will bc
discussed in greater detail later. :

B’bﬂ. l;osgnberg, The Direct Current ' Cross Field Machine (J_. Springer, 1928,
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The following figures show the Wiring Diagrams and Charac-
teristics of some well-known welding generators. According to
whether the generator is constructed as a self-excited, automatically-
excited, or separately-excited machine, there are a large number
of different designs which depend for their working on opposing com-
pound windings or armature reaction. On the other hand, cross field
generators are always self-excited machines. It must not be assumed
that the selection which has been made of the various types indi-
cates that other ma-

chines which have not
been mentioned here

are inferior in quality. R3 i
Figs. 46 and 47 @ g’

show the wiring dia-

gram, and below, the

characteristic of a gen- 2

erator having an oppos-

ing compound winding

and separate excitation, -

and without further
comment the generator
will be clearly under-
stood from what has 49 1
been previously men-
tioned. The open cir-
cuit voltage is fixed by »
means of a control in ¢ W 80 720 %60 200 240 280Amp
the shunt circuit, and Figs. 48 and 49.—Wiring diagram and characteristic of a
the desire d wel dmg :v:‘lldzgaf;r:eer:tc?; :;;h an opposing compound winding, self
current by a controller
in parallel with the series winding. A choke coil is coupled in to the
welding current circuit. The characteristics of the machine which
are shown under the wiring diagram for two regulator settings has a
fairly flat form. In spite of this, welding may be carried out quite
satisfactorily with this machine, as the characteristic is otherwise
quite satisfactory, though not to the same extent as other welding
generators. - .
Figs. 48 and 49 show the wiring of a generator with opposing
compound windings, which is both self excited and separately ex-
cited, and below it is shown the characteristic of the machine. This
wiring is known as the “ Krdmer ” wiring. In addition to the

4«
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opposing compound winding and the independent excitation winding,
there is a shunt winding which is self-excited. A choke coil is also
coupled in the welding current circuit. The self-excited winding
+ has the effect of making the characteristic fall more steeply within
the voltage of 15-25 volts, which is necessary for welding, and this
is shown in the characteristic which has been drawn under the wiring
diagram. Consequently the current strength remains almost con-
stant within these limits. Con-
v —I trol of the characteristic is
o, achieved by means of three
regulators which are coupled
in the self-excited and sepa-
rately excited fields of the ex-
citing machine, and also in the
shunt winding. The fourth
winding which is seen in the
wiring diagram of the weld-
ing generator is the interpole
winding, the function of which
it is to prevent the formation
of sparks at the commutator.
In such a case the inter poles
are arranged perpendicular to
80 the main poles so that they
form a field which opposes
the armature cross field, which

a4 causes the formation of sparks,
N and this weakens the cross

o W é0 720 %m,,a field.
Figs. 5o and 51.—Wiring diagram and characteristic F lgS 50 and 51 show the

of a welding generator with armature reaction and wiring diagram and charac-
separate excitation,

teristic of a generator with
armature reaction and separate excitation. The exciting machine
is a compound machine having shunt and series windings.
As before, we notice that the welding generator is provided
with two windings. ' The upper one, which is shown in thin lines,
is the shunt winding, and the lower one, which is indicated
as a thick line, is an inter pole winding. In this machine, however,
the inter poles are not connected as in the previously described -
machine, so ag to weaken the armature field, but so as to
strengthen this field, and hence set up armaturé reaction which has
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the effect of causing the drooping characteristic, described on p. 72.
The welding current strength is controlled by means of a regulator
which is coupled into the shunt circuit of the welding generator.

The characteristic of the machine, which is maintained within
practical permissible limits, is shown for two regulator settings
under the wiring diagram.

There are modifications to the generators which have been de-
scribed, but these will not be discussed further. Among these are
machines with combined self and separate excitation and machines
with armature reaction, separate ex-

citation and self excitation.
In addition, figs. 52 and 53 show
the wiring diagram and characteristic

of a generator which works only with |
self excitation and differs entirely from

all other machines. In order to over-
come the disadvantage which machines
of this type have, as we have already

S
seen, namely, that the voltage after a
short circuit only rises again very -~
gradually, a so-called damping wind- _—___&
ing has been provided in this machine,
and this surrounds the pole shoes of
the main poles. When a short circuit
occurs, the damping winding sets up 0w & 720 %0 2004
a high induction current which  Figs. 52 and 53.—Wiring diagram and
. . . characteristic of a welding generator with
strengthens .and maintains the main self-excitation.
field so that the full voltage is avail-
able during the time which is necessary for striking the arc. In
these machines regulation is obtained by means of the shunt wind-
ing. On account of their simplicity these machines are cheaper
than separately excited ones. At high current strengths the charac-
teristic possesses a peculiar shape and the curve is bent back-
wards. The low open circuit voltage compels the welder to keep a
short arc.
Figs. 54 and 55 show the wiring and characteristic of the cross
field dynamo which has been patented and put on the market by
:Rosenberg. The main current is short circuited between the brushes
C,, C,. The working current is taken from the cross field between
the brushes B; and B,. Regulation is obtained by turning the
handwheels, which are provided with steel pads and which are moved

14
Y4
70
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backwards and forwards along a screwed spindle inside the hollow
pole casings. By this means the poles are more or less filled with
iron and their magnetic reluctance is adjusted to suit the required
conditions. If the primary field
is weakened an equilibrium con-
dition will be set up, as has been
previously mentioned, since a cor-
respondingly reduced working cur-
rent is generated.

The characteristics for various

current strengths which have been

drawn underneath the wiring dia-

y gram, show an extraordinarily steep

slope. In consequence the arc is

| very elastic and permits of very

smooth welding, although the

danger exists that too long an arc

4 i! I may be drawn. Machines of this

) type should only be handed over

60 fh ‘ to experienced welders in whose

soft \n” hands they will deliver excellent

“om v work. It should be mentioned

op 1 further that there are cross field

i N d in which' the weakenin

o1 : i ynamos in whic e wea g

(T 1] or strengthening of the magnetic
0 50 00 50 200 250 300 B0 4004450

field is obtained by two opposing
Figs. s4 and §5.— Wiring diagram and . . . h
characteristic of a cross-field welding genera- Wlndlngs which are fitted on the

tor, Elin construction. poles, the resistance of which may
C,; C;, Main current brushes; .
B, B,, cross-field brushes. be changed by means of a special

wiring arrangement.

It is worth noting that in cross field dynamos the open circuit
voltage has no effect on the magnitude of the welding current. It
is also unaffected by the regulator since it only depends on the
greater or less remnant magnetism in the machine. Consequently
cross field dynamos have the advantage, which should not be under-
estimated, of possessing an extremely low open circuit voltage which
lies between 10 and 30 volts. '

Dynamic Characteristics of Generators—In the previous pages
‘welding generators have only been judged on their suitability for
welding purposes by means of their static characteristics, that
is, by curves which have been obtained at stable loads under
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steady conditions. It has been shown from practice, however, that
this method does not provide satisfactory evidence of the suitability
of a welding machine in every case. Frequently it so happens that
two machines having the same static characteristic, behave very
differently during welding. In order to judge a machine, therefore,
one must also examine its dynamic characteristic, i.e. the curve
which shows the relationship between voltage, current and time,
and which shows the

behaviour of various ! I
machines subjected to |

rapidly varyingloads.* | N o)
H l }//k‘——’—. efc/f"faﬁon

These characteristics ¥

may be obtained by

meane of a measuring |

system having a high Ar f\_.\ " i
natural frequency, and I | l
with the help of oscil- o 71 2 Js
lographs which indi-

cate variations in cur- |
rent and voltage on a X :

moving strip of film. yr \ I ff@?:;,tn
A self-excited and

separately excited ‘ I
|

machine have been

chosen as an example A 1 [{\\_ ——]

.
T

of two machines which 0 7 2 3s

have thC same static Figs. 56(;imd g;.—;)scillogramls of a :lelf-e;t:.ited welding
) tor (fig. and a separately excited welding generator

characteristic but  Gplen, CC i ¢

which behave differ-

ently during welding. It has already been mentioned that the
voltage only rises very slowly again after a short circuit with the
former type, since the magnetic winding, loses its  magnetism
almost completely, while with the latter type the winding
retains its magnetxsm and provides the armature with the necessary
voltage.

The static characteristic is no guide to this phenomenon,
whereas the dynamic characteristic shows it very clearly, as may
‘be seen from figs. 56 and 57. The slow building up of the voltage
after a short circuit in the self-excited machine may be clearly seen,

* Bung, “ Tests with oscillograg,};s for the investigation of the processes in the
Electric elding Arc ”, Elektrotechwik u. Maschin , Vol. 26 (p 928), p. 2.
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as well as the rapid return which is achieved by the separately excited
machine.

Figs. 58 to 60 show what happens at various positions of the
regulator with the cross field dynamo which has been described. It

: is worth while noting
V'H‘*"“l | 'k : p__T‘ the peak current, which
l ! 703;'4 l ] . i§ set up Whelx)l a s}l:'mg

A : JF———T_—JT " circuit occurs, but whic
'I | - | | is continually reduced,
| | the higher the short cir-
v 1H—-—L“\ /\l~—l cuit current, and at 200
- A l l amperes is even reduced
: r———r———\ I : below the steady working
I [ [ current. In addition,
' l | | vy the fluctuation of the
yt ‘ current may be seen
i I Sod l i > which persists until the
,yﬂ . I/""’T—_"\ Lo peak current reaches the
l I I i |7 steady working current.
7 2 3 ¢ 5 6 75 Thisis due to the oppos-
P el s o g s ing inflaences of o
main field and the cross
field. The characteristics also show a rapid rise of voltage after

the short circuit is finished.

Welding Transformers.—Alternating current transformers of the
ordinary type maintain the voltage constant at varying current loads
just as do -ordinary type direct current generators, and consequently
they are _]USt as unsuitable as the latter for welding purposes. In
this respect, in order that they should fulfil the requirements which
must be demanded of them, they have to be specially constructed.
The aim of giving the transformer a drooping characteristic is
achieved with the help of magnetic dispersion, provided one does
not wish to revert to the use of external coils in the welding current
circuit and thereby drop the voltage and reduce the output. Dis-
persion is understood to mean that portion of the lines of force
which is generated in the primary winding and which is not allowed
to cut the secondary winding. The greater the number of these lines
of force, the greater is the dispersion in the transformer, and hence
the greater will be the voltage drop and the more suitable will be
the transformer for welding.

Regulation of the current strength - may be obtained by the -
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switchingin or out of second-

ary or primary turns. The
most important thing is to
vary the ratio between the
number of primary and
secondary turns. It is fre-
quently more satisfactory to
restrict regulation to the
primary windings (Tapping

m)

Iz

Regulation) because here ;’
the wire is not so thick, and 7
it is mechanically a simpler ~Nz] T
matter, and moreover the % \\
' secondary winding often has
so few turns that the switch- P 02T ZjoA

ing in or out of one turn is
too much.
Fig. 61 shows the layout

Figs. 61 and 62.—Wiring diagram and characteristic
of an alternating-current transformer with dispersion
control (movable coil),

of a transformer in which use is made of magnetic dispersion. The

secondary winding may be pushed
towards the primary winding by
means of a handwheel. The
nearer the windings approach
one another, the less will be the
dispersion.  The characteristic
which is shown in fig. 62 for the
two limit settings of the secondary
windings gives a satisfactory
curve. Curve 1 gives the charac-
teristic for minimum dispersion
and Curve 2 the characteristic
for maximum dispersion.

Fig. 63 shows the layout of a
transformer in which regulation
is also achieved by varying the
dispersion, but .in another way,
namely, by means of so-called
core -dispersion. The primary
and secondary windings are split.

IUA‘IAIIAIIIAA
THL T
LAAALS yIryy
L )|
8
11111
\AAARAAI

4
&

40

-
L 11 1] 1]
09 T O AW 5 750 TV Amp.
Figs. 63 and 64.—Wiring diagram and charac-
teristic of a welding transformer with a dispersion
core,

The two parts of the primary winding are fixed on one leg of the
transformer core, and between them is arranged one part of the
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As a rule, the welding set is driven by means of a motor which
is built with the generator. Welding sets are very seldom
belt driven. When work has to be carried out in places where there
is no power available for driving purposes, the welding generator
may be driven by means of a petrol motor and the plant is, therefore,
made portable.

If several welding points are required close to one another, the
cost of the welding plant may be reduced by assembling a powerful
motor having several welding generators on one shaft. The advan-
tage, however, is inconsiderable, unless all the welding points which
are coupled together are continuously working, as otherwise there
are high open circuit losses. In addition to this, there is the danger
that if the motor is damaged, not only one, but several welding
points will be put out of commission. An arrangement of this type
can only be used for mass production work in which welding is
carried on continuously. Even in these circumstances it is inad-
visable, with permanent installations, to couple more than two to
four generators on one motor.

Welding Accessories.—In addition to the welding machine or
other source of current there is in arc welding also, a series of
auxiliary equipment which belong to the welding plant. We dis-
cussed some of them when dealing with the wiring diagrams, namely,
the regulators, which are required for each plant, and also the
external resistances and choke coils which are required for various
plants. In addition to these, the following items are always neces-
sary: measuring instruments, conductors or cables, holder for
electrodes, and protective equipment.

As Measuring Instruments, we use those which are well-known in
electrical equipment, namely, the voltmeter for voltage measure-
ments, the ammeter for current measurements and if necessary
the kilowatt hour meter for determmmg the current which has been
consumed, if this.is required in order to determine the costs of
welding as in piecework welding rates.

Measuring instruments, regulators, external resistances and choke
coils are usually built into the welding machine, but the first are
frequently fixed on a switchboard, especially in large permanent
installations.

\ Holders for electrodes, which are called Weldmg Pliers, and which
are used to hold the welding rod or welding carbon, should be light
and easily handled, so that they do not hinder the welder during his
work, but allow him to move the electrode with freedom. They must
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also be safe during working, so that they do not endanger the welder.
In addition welding pliers must allow the electrode to be changed
quickly and easily. '

Very simple designs fulfil these requirements, as may be seen
from figs. 65-67, which show some welding pliers which are in
common use. In the type
shown in fig. 65 the electrode
is fastened in from the side
between the spring clips of
copper or steel which fit
against one another, so that
the remaining piece of a
used electrode falls out.
As the springs fail after long
service, the designs shown
in figs. 66 and 67 are better.
In these the gripping faces
are pressed against one
another by a special spring
and in order to insert the
eleCtrOde’ they are opened Figs. 65~67.—Welding pliers for cold welding
by means of a lever. In all
these pliers the connecting piece to the cable carrying the current is
covered by a wooden insulated handle.

Light welding pliers such as those which have been described
are used for electrodes of 14 gauge to 2/o gauge, such as are used
in the welding of steel. For heavy cast iron electrodes, thicker and
heavier holders are necessary.

The current is usually led from the current supply to both
the article and to the welding pliers by means of a cable which
consists of a number of copper wires, which are twisted into a
conductor, and surrounded by a stout well-wearing insulating
sheath. The purpose of this is to prevent the conductor, ‘as
well as the electrode holder, from hindering the welder and
therefore it must be easily moved but, at the same time, protected
against damage.

| The cross-section of the cable should be so dimensioned that it
does not suffer from excessive heating on account of the welding
current. As has been previously mentioned, the heating of the
conductor depends on the current strength. By means of regulations
and -standards of the Association of German Electrical Engineers,
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the current strength with which a definite conductor section may be
loaded has been laid down. The standards for normal current
strengths are as follows:

Current Strength Section
From From
150-200 amps. -077—110 in.?
250-400 ,, -285—370 in.?
600-8c0 ,, 1-360-1-65 in.?

However, since the current strength during welding only reaches
its maximum value for a short time, and for a period the current is
completely broken, that is, the conductor is not continuously loaded,
and as moreover the current strength only exceeds the welding
current by a small amount during a short circuit, the conductor
section may safely be loaded about 25 per cent higher. For example,
a section of -054—077 in.? is sufficient for a current strength of
150-200 amperes if the line is not too long. For longer lines account
must be taken of the voltage drop in the line, and the section must
be so selected that this falls within permissible limits. The.voltage

drop may be calculated from the formula p = 2—_U
gx’

where g is the cross-section in in.2,
I is the current strength in amperes,
[ is the single length of the cable in feet,
p is the voltage drop in volts,
x is the conductivity of copper which is equal to 1-1745 X 10°.

The cable is fixed to the article by means of clamps or screw clips.

Finally, protective equipment comes in the category of welding
accessories, and these should protect the welder against sparks, |
heat and the ultra-violet light from the arc, which is extremely
dangerous for the eyes. This will be discussed in a section on
‘ ACCIDENT PREVENTION ”

Fusion Welding Processes

(a) KINDS OF WELDING

Fusion welding is a metallurgical process. Even if, in accordance
with the definition of welding, it is required that the junction zone
of a welded article with the part joined to it should form as homo-
geneous a whole as possible, it should not be forgotten that this
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condition cannot always be fulfilled, especially where the two metals
which are being joined possess a rolled structure, whereas the weld
zone has a cast structure, at least in its original condition.
Moreover, the oxy-acetylene flame produces an effect different in
many respects from that produced by the arc on the structure
of the weld seam as well as on the articles being joined. Conse-
quently the object which we are trying to attain is in some cases
better achieved by fusion-gas welding and in other cases by arc
welding. Both processes have their advantages, but at the same
time their disadvantages, so that sometimes the one is the more
suitable, sometimes the other.

The continued attempts to improve and equalize these two pro-
cesses which are in competition with one another, or to make them
more suitable for some special purpose, have had the result, especially
in recent times, of introducing a series of new methods. Processes
have even been developed in which gas and the arc are used at the
same time. It 1s therefore necessary for both the constructor and
the works engineer to know exactly the peculiarities of the various
processes, and when he
knows these, which of the
two he should use in various
circumstances. As far as
quality is concerned, there
are various welding pro-
cesses, which, in many re-
spects, give equally good
results. In these circum-
stances economy would be
the deciding factor, and this
would differ according to the
local conditions. We will
discuss this matter in greater
detail in a later section. At
this stage we will go into the
differences of the various  Figs 68-71.—Forward welding (left-hand welding)
kinds of welding more
closely, and it will be shown what conclusions may be drawn from
the use of each, depending on the quality of the results obtainable.

Fusion-Gas Welding Process—In oxy-acetylene welding, it was
previougly the rule to weld in the way which is illustrated in figs.
68 to 71. Viewed from the position of the welder, the torch was

(2 67¢) ¢

" Welding the Longitudinal Section
first rin of “the We/dSeam

Direction of Welding
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moved along from right to left with an oscillating motion, so that
both edges of the weld were rendered molten to an equal extent.
The welding rod was simultaneously moved in a straight line in
front of the flame. In order that the flame shall melt down the root
of the Vee, it is necessary to provide a fairly wide opening when
thick plates are being welded. The flame is held more or less in-
clined, depending on whether thin or thick plates are being welded.

In this kind of welding, a large portion of the heat is useless for
the work, since the flame may spread unhindered over the surface
of the plate, and this has the
effect of heating the surrounding
portion of the weld zone in an
undesirable way and of giving
rise to stresses or distortions in
the plate.

Consequently, a few years
ago there was a change to weld-
ing in the opposite direction,
that is, as viewed from the
" position of the welder, from
left to right. This kind of weld-
ing is termed “‘right-hand weld-
"I ing” as opposed to the pre-

vious usual type of ‘‘left-hand

Direation of Welding welding”’. This notation, which

Figs. 72~75.—Backward welding (old ‘‘ right » has obtained a firm fOOting’ is

welding) an unfortunate one. If the plates

are arranged, not as'shown in the

figure, but so that the weld groove approaches the welder, or when

vertical or overhead welding is being carried out on plates, we can

no longer speak of right- or left-hand welding. It would be better to

term left-hand welding “ Forward Welding , since the torch is moved

forward in the direction of the flame, and to term right-hand welding

“ Backward Welding , as in this case the position is reversed. This

notation has, therefore, been selected for the following pages in the
hope that it will be adopted.

In:backward welding, the torch and the welding rod may be
manipulated in the same way as they are in forward welding, figs. 72 to
75. This kind of welding was suggested by Richter years ago and he
therefore terms it * classical right-hand welding . Various advan-
tages result from it, but these are more apparent if the manipulation

WA
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of the torch and welding rod is modified and if, as is shown in figs.
76 to 79, the torch is moved in a straight line along the welding
groove, as is being done more and more. The welding rod, however,
is oscillated behind the torch in contact with the weld, both touching
the flame. The flame is held at a rather steep angle and fairly deep
into the Vee. This may be done because the flame builds up on the
weld, which has already been made and therefore spreads over the
upper part of the welding Vee so that there is no need to fear in-
sufficient fusion. Because of the property of the oxy-acetylene flame,
a definite distance should, of course, be maintained from the edges.
In accordance with what has
been said above the conical
flame should fill the Vee. A
cone which is too long may not
melt down the edges to a suffi-
cient extent, and this leads to
loss in gas. The manipulation
of the torch, which is usual for
backward welding, has tl.1e ad- E==’-/ Neking us ngtsec of
vantage that the groove is ren- Qirection of waiding  ™én “Seam
dered molten right down to the il VA Lot
bottom, even with the thickest
plates, and is also well filled so
that the flame is prevented from R
spreading over the surface of \]L‘ aﬁmﬁg

the plate to the same extent as : -

in forward welding. In addi- F# 76'79'_13"1‘:",,?1‘;1:3‘1’“ (o © sight *
tioh, the groove is melted down

much better and much more quickly, and the flame is much
more satlsfactonly utilized. Backward welding therefore results
in savings in time and gas, and is cheaper than forward welding.
As compared with forward welding, these savings are greater, as
we shall see later, if an angle of Vee of 60° is selected for backward
welding for all plate thicknesses. This then makes it possible to
guide the torch in a straight line, whereas, with forward welding, a
larger angle of Vee is necessary for thick plates.

The action of the air is reduced, and the danger of oxidation is
less, because the molten end of the welding rod can always bekept
in the fluid bath. In addition, slag may be removed more
easily than with forward welding, because of the movement,
since this removal must be obtained by the blowing action of the

NEAVAWIWAWAWINAWLA)
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flame. It should further be borne in mind that with backward
welding, the flame surrounds the weld which has already been made.
It protects the latter, in its glowing condition, from absorbing oxygen
and nitrogen out of the air and cooling is retarded. As a rule, there-
fore, besides being cheaper, backward welding results in a better
weld.

At the same time certain provisos must be made. The economic
advantages of backward welding first appear on thicker plates, of
15 in. thickness and upwards. With thin plates the direction of weld-
ing has a less effect on the workmanship. In backward welding,
because of the better way in which the flame is employed, thin
plates are burned through. This was also the reason why the transition
to this kind of welding was made so late, as the process itself was
known. In the very early days of fusion gas welding, when the
oxy-hydrogen flame was used, it was generally employed. It was
only when people went over to the oxy-acetylene flame, that the
welding direction was changed, as the welder could not accommo-
date himself to the hotter flame and in forward welding he found
a means of weakening the action of the flame. Nevertheless, Dr.
Wiss had backward welding carried out with acetylene at the be-
ginning of this century.

With vertical seams, backward welding causes difficulties.
The torch must always be held so that the flame is directed above,
so that the filler material is driven up by the blowing action.
In forward welding, the welding is done from bottom to top, and
the filler metal is built up on the seam, whereas in backward welding,
the process is from top to bottom, so that the filler material must
be blown by the flame upwards against the weld, as in overhead
welding. This requires special skill which cannot be expected from
the average welder. '

Hence, we find that for welding in the horizontal position
backward welding is more suitable both in respect_of quality and
cost, for plates from about % in. upwards; for thin plates, on the
other hand, forward welding is preferable. For the welding of
vertical seams, forward welding is more suitable, and for overhead
welding it is again to be recommended. A good welder should
master both kinds of welding, especially since, in the welding of
constructions, it is frequently necessary to change the direction
of welding at places which are-of difficult access from one side.

When the two-flame torch, which was mentioned on p. 53, is used
in conjunction with backward welding, additional advantages may
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be realized. As will be shown later, welding consists of four pro-
cesses, namely, the preheating of the weld zone, the fusion of the
weld zone, the preheating of the filler material, and the melting
down of this. The welded work is improved if, before the welding
process proper, the base material is preheated by means of a special
flame. The preheating flame of the two-flame torch fulfils these
requirements, and in addition diminishes the work of preheating
by the welding flame, so that the heat from this is wholly available
for the welding process. Hence a higher welding speed may be
obtained and in addition the advantage of a narrower seam may
be realized, reduced heating of the adjacent parts is achieved and
a reduction in the resulting stresses is effected. According to Keel *
multi-flame welding combined with backward welding results in
an increase of welding speed to the extent of two to three times.

Another modern process in gas welding which employs a type
of two-flame torch, but is based on other characteristics, is that
which has been brought out by Linde Air Products Co., the Linde-
veld-process.t This differs from the normal gas welding process
because of (1) a special setting of the flame; (2) the use of a special
welding wire; (3) a new type of welding technique with a new
welding torch.

Welding is carried out by means of a flame adjusted with excess
acetylene. Because of the metallurgical effect of a flame adjusted in
this way, the base material, due to the absorption of carbon, is
melted down with the filler material at a relatively low melting point.
In addition to this flame setting, welding wire, having suitable metal-
lurgical properties which correspond to the lower melting carburized
surface, is used. .

As a rule backward welding is used in this process. By moving
the torch up and down, it is alternately directed on to the article,
and then on to the wire so as to fuse them. In this process, only a
very narrow gap is necessary so that savings in filler material, gas
and time may be made. . By designing the torch as a two-flame torch
and by adopting other modifications, the welding speed is increased
still further than that of the previously mentioned two-flame torch,
and the same advantages are obtained with it as were described
with the previous type.

The two flames of the Lindeveld torch do not lie alongside one
another, but one over the other. The lower flame is the welding

. Zext:chnft Sfiir Schweisstechmik (1931), No. 2.
4 T W Greene, Journal of the Ammcan Welding Society (x93x), No. 10, p. 19.
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flame proper, and the upper serves for preheating and melting the
wire. By means of a special feeding device the wire is automatically
advanced. Consequently the welder only requires one hand for
welding, and may carry out all other movements which may be
necessary without putting down the torch. In this way the work is
considerably simplified. ‘
The process is of considerable importance for pipe welding.
The special welding torches which have been described may only
be used with advantage when welding in the horizontal position.
On the other hand, with vertical welding, an increase in welding
output may be achieved with another process which is based on
entirely different principles and one which has chiefly been developed
in France and Switzerland. It isthe so-called ‘“‘Progress Welding .
Progress welding is generally only used with plates of more
than } in. thickness. However, with plates of } to 7% in. thickness,
good results may be obtained. It is unnecessary to bevel the edges
which have to be welded. The work is so simple that this kind of
welding can be generally recommended. The gas consumption
may be reduced to half the quantity normally required; the weld
joints are absolutely regular and appear quite satisfactory externally.
For plates of } in. thickness a torch of 8-8-75 c. ft. per hour should
be used. The diameter of the welding wire should be 14 gauge, and
the most economical use of filler material should be made. The
plates should be tacked at distances of 4 to 6 in., in such a way that
after cooling the edges are separated by about {% in. The torch
tip is then brought up to the edges to be welded so that the inner
cone of flame strikes vertically on the plates. Without making
any movement of the torch a hole -02 to ‘025 in. diameter is
melted with the point of the cone of flame. The metal runs to the
lower edge of the hole and forms the first joint between the edges.
The torch is then guided upwards, making the same circular move-
ment during the whole time, while the same movement is made
with the welding wire. Its end must, however, always be kept at
the lower edge of the hole. The hourly output of a trained welder
amounts to 8 to 95 ft., when welding 3 in. thick plates together,
Even if the quality and the economics of welding may be con-
‘siderably improved by the processes previously described, whether
they are based on special manipulation of the torch or an jmprove-
ment in the torch itself, they are not the only methods which may
be used. Complete success in this direction may first be achieved
by two processes which affect the arrangement of the whole welding

\
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plant. These are the so-called *“ Constant Pressure ” process and
the so-called ““ Equal Pressure ” process. Both presume the exis-
tence of central acetylene and oxygen plants, and hence a factory
with a large number of welding points. The constant pressure
process consists of fixing the oxygen pressure for all welding work
and welding torches at 3 atmospheres (45 Ib./in.2), by means of a
central oxygen pressure regulator, while the setting of the acetylene
pressure to 0-3 atmospheres (45 1b./in.?) is also obtained centrally by
means of an acetylene pressure regulator. If high pressure acetylene
is available further equipment is unnecessary, but with low pressure
equipment, compression plant with a speed regulator, in addition
to the pressure regulator, is necessary.

The equal pressure process goes still further. It requires the
same pressure at the welding place for both the oxygen and the
acetylene. Pressures of o'5 or 07 atmospheres (7:5-10'5 Ib./in.?)
are used. The acetylene pressure is fixed either by a pressure
regulator or a compression plant and for the oxygen a central oxygen
reducing valve of a special type is used. There are also special equal
pressure devices both for acetylene and oxygen which are con-
structed in the form of double membrane valves.

The chief point which is obtained by means of the constant
pressure and the equal pressure processes is that the control of the
gas pressure and the gas quantity is only left to the welder to a very
slight extent, and is transferred to the control of the foreman. In
this way, faults in welding, which are due to the wrong adjustment
of the flame, are effectively avoided. Increased supervision of the
plant is obtained, and control over the gas consumption is easier.
If the regulator is connected in just after the oxygen battery, the
danger of accidents is further reduced because of the reductlon in
pressure of the oxygen.

Finally, the processes which are based on the use of a gas mixture,
consisting of acetylene and illuminating gas, with which it is desired
to reduce the costs of welding by replacing a part of the pure
acetylene by the cheaper illuminating gas, should be mentioned.
In no case can the replacement of acetylene by 1llum1nat1ng gas be
pushed to any high degree, since the quallty of the weld is thereby
considerably impaired. If illuminating gas is added to acetylene for
the manufacture of mass produced articles and for welds which are
unimportant, the content should never rise above 30 per cent. Even
though a smaller quantity of oxygen is required in unit time, the
preheating and welding time is always increased, since the tem-.



92 WELDING PROCESSES

perature of the mixed gas flame is considerably lower than that of
pure acetylene, so that the savings from the use of the cheaper

illuminating gas are lost. In addition one cannot point to a reduc-

tion in working danger due to the addition of illuminating gas.

The value of this mixed gas welding process must consequently be -
regarded as still open to dispute.

Arc Welding Processes.—The arc, which serves as a source of
heat, may be either struck between carbon and carbon, or carbon
and metal, or between metal and metal. Hence there are three
different processes which were suggested and used mote than forty
years ago by Zerener, Benardos and Slavianoff.

Zerener used two carbon electrodes which were inclined
diagonally to one another, and which he joined to an electric torch

with a magnet which he fastened

Metal to some suspension gear. The

Electrode arc, which was struck between

the two carbon rods, was blown

against the article in order to

- melt it, by means of a powerful

+ Jlu magnetic blow, so as to give a

Fig. 80.—Slavianoff’s electric welding process pOlflt or SOIdenng ﬁame' The

process was more suitable for

soldering than for welding, and was more generally used for this
purpose, for brass casings, pipes, &c.

In Benardos’s process, the arc is struck between one carbon
electrode and the article which forms the other electrode, and which
is, therefore, connected to the second pole of the current supply.
The article is fused at the point where the arc is formed, and welded
either with or without the addition of filler material. In the second
case, the filler material is provided by a metal rod which is fused
and held in the arc. This process also is used only to a limited
extent in the welding of steel and for thin flanged plates, which may
be welded without filler material, or it is used for the welding of
bronze, cast brass and cast iron.

The process due to Slavianoff has recently acquired a position
of importance in welding technology, and to-day is employed
almost exclusively. Unless it is otherwise mentioned, the following
remarks are entirely devoted to this process.

Slavianoff’s process, which is represented dlagrammatlcally in
fig. 8o, differs from Benardos’s process in that the carbon electrode
is replaced by a metal electrode, which as far as possible has the

[*)
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same material properties as the work which forms the other elec-
trode. The arc is struck between the metal rod and the work, so
that the latter becomes molten at the weld zone and the metal is
transferred to the weld zone as filler material in the arc, at the point
of contact between the work and the molten electrode material.

In addition, in arc welding, depending on what kind of current
is employed, we distinguish between Direct Current and Alternating
Current welding.

The fusion process takes place in a way which is entirely dif-
ferent from that in fusion gas welding. Whereas in the latter pro-
cess, fusion of the material takes place before the filler material is
added, in arc welding the fusion of the work and the electrode,
i.e. the addition of filler material, takes place simultaneously. In this
way, the arc always acts upon only a small portion of the weld seam.
As soon as it leaves this, the weld solidifies almost immediately,
whereas in fusion-gas welding the weld metal stays in the red hot
state for a longer time, and cooling takes place slowly.

In arc welding, therefore, as compared with fusion-gas welding,
it is more difficult to obtain good fusion of the base metal and the
filler metal. Even when satisfactory fusion is obtained, due to the
rapid cooling, the weld is harder and stronger, but is, however,
very much less ductile. In addition, the fluid material in the arc is
surrounded by a blanket of air through which it can easily absorb
oxygen and nitrogen, which have a harmful effect, whereas in fusion
gas welding this process is prevented by the reducing action of the
flame. The absorption of oxygen is especially dangerous, as in this
way the weld becomes brittle. .-

On the other hand, however, arc welding has the extraordinarily
important advantage that contractions, as well as stresses and dis-
tortions, set up by overheating occur to a very much less extent
than with fusion gas welding, especially when the latter is carried
out as ““ forward ”’ welding. The reason for this lies in the fact that
the arc only covers a relatively small area, and consequently its heat
does not affect the area adjacent to the weld to the same extent as
the gas flame. Further, the welding process takes place much more
quickly. It will be shown in detail that the greater the welding
speed, the smaller the stresses which are set up.

This greater welding speed generally results in greater economies
with arc welding. :

If it is a question of a choice between fusion-gas welding and arc
welding, the.following summary may be made.

(E674) : 4e
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Fusion-gas welding is to be preferred in all cases where high
ductility of the weld seam is required, and also in all cases where
large bending stresses occur. Arc welding, on the other hand, is
more suitable in cases where stresses and distortions may give rise
to danger, which makes the work difficult or impossible. For ex-
ample, this is so in the welding of large sheets of plate or the welding
of plates which are overlapped or set at an angle, or in all cases
where there are fillet seams.

For metals with high heat conductivity, such as copper and
aluminium, fusion gas welding is practically the only possible pro-
cess.

Just as attempts have been made, by modifying the direction of
welding, to diminish the undesirable effects of fusion gas welding,
so processes have been sought, in arc welding, so as to improve the
properties of the weld seam, when better ductility is desired. This
has led to the use of covered electrodes, the properties of which will
be discussed later. The covering is to protect the molten bath and
the material which is being transferred in the arc from absorbing
nitrogen and oxygen from the air, to cover the fluid weld zone with
a layer of slag in order to delay its cooling, and finally to conduct
heat from the electrode, so that fusion takes place slowly and the
melting of the filler material is made easier. It is, in fact, possible
with covered electrodes to obtain a weld, which in respect of duc-
tility is not very different from that obtained with fusion-gas welding.

On the other hand, since the covering of the electrode renders
the carrying out of the weld difficult because of the formation of
slag, attempts have been made to obtain a protective gas shield
directly, by the atomization of a gas which should be as inert as
possible. This has led to gas electric processes or arc welding in a
gas shield. :

Gas Electric Welding Processes—The atomic hydrogen process
and the Arcogen process are to be distinguished as processes which
use a gas supply at the same time as an electric arc.

The Atomic Hydrogen Process uses hydrogen as a gas shield.
Two processes have been developed. According to the process of °
Alexander, hydrogen is blown through a nozzle round the arc. At
the same time welding is carried out with a metal electrode as in
Slavianoff’s process. In this instance, however, an atomizing nozzle
for the hydrogen is fixed on the electrode. The process is otherwise
similar to welding with covered electrodes. The gas shield protects
the filler material in the arc from absorbing gases from the air, and
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at the same time it covers the weld zone. In this process another
henomenon is apparent.

Due to the high temperature of the electric arc the hydrogen
molecules ‘are split into atoms at the electrode with the absorption
of a relatively large quantity of heat. In this way, as in welding
with covered electrodes, in which heat is necessary to melt the
coating, the fusing of the filler material is retarded. When the atoms
of hydrogen meet the work, the atomic form of hydrogen, 2H, reverts
once more to the molecular form, H,, and the heat, which has been
absorbed to split the molecule, is given up. With this process, there-
fore, the result is that due to the bombardment of the hydrogen
atoms on the work the heat which is given out heats up the latter,
which is rendered more quickly molten than in welding without a
gas. In addition, the cooling of the weld zone is thereby delayed.
From the technical point of view, the process is similar to the fusion-
gas welding process. The weld possesses the well known appear-
ance obtained with fusion gas welding. The intense heat makes
it further possible to butt weld together plates up to % in. thick
without bevelling the edges.

It has been shown, however, that the arc behaves differently in
various gases. Whereas a voltage of 20 volts is sufficient to maintain
an arc, which has been struck in air, in order to maintain it stable
in hydrogen, a voltage of about 8o volts is necessary. For this pro-
cess, therefore, special welding transformers are necessary.

By means of the process which has also been termed * Welding
with Atomic or Dissociated Hydrogen ” it was intended that the
advantages of electric and fusion gas welding should be combined
to a certain extent, and the disadvantages correspondingly reduced.
The process, however, is very difficult to carry out. In addition to
guiding the electrode, the welder must attend to the feed of the
nozzle and this adversely affects the way in which the electrode may
be manipulated. Consequently the process has been abandoned
for hand welding, and has only been developed for machine welding.

On the other hand, a further process for hand welding with
atomic hydrogen has been developed according to the process due
to Langmuir. The process is carried on in such a way that an alter-
nating current arc is struck between two tungsten electrodes which
are set at an angle to one another in a holder similar to that used for
the carbon electrodes in Zerener’s process (see fig. 81). Through
this arc, hydrogen is fed on to the welding zone. The splitting of
the hydrogen molecules in the arc, and their recombination
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in the weld zone due to the heat of formation being given up, takes
place just as in the Alexander process, that Is, the heat of formation
is utilized slowly for melting the metal. The only purpose of the
tungsten electrodes is to maintain the arc, and they take no part
in the welding process itself.

Manipulation is identical with that used in oxy-acetylene welding.
The tungsten electrodes constitute a torch without there being any
combustion of gas, and the filler rod is held in the gas stream. In this
process protection is also provided for the molten zone against the
absorption of gases from the atmosphere and cooling is also delayed.

By the use of various voltages, arcs of different strengths may
be produced so that it is possible to adjust the temperature required
to the amount of atomic hydrogen which is generated, which must

PR g )

Fig. 81.—Welding equipment tor Langmuir’s atomic hydrogen process

be varied in accordance with the thickness of the articles which are
to be welded together.

The process is especially suitable for the joining of thin plates,
for non-ferrous metals, and certain of their alloys, and also for
the welding of alloy steels and manganese steel.

The ““ Arcogen’ Process,* which has recently been discovered and
developed by the firm I. G. Farbenindustrie A.G., Griesheim, in
collaboration with the Allgemeine Elektricitits Gesellschaft, is a
direct combination of fusion-gas welding and arc welding. In his
right hand, the welder guides an ordinary torch, which is the
same size as that used in fusion-gas welding, and in his left hand
holds the welding rod. The welding rod is, at the same time, an
electrode which is connected to one pole of an alternating current
supply, as in welding in air, and the article is the other pole. The
welding zone is fused by means of the gas flame, and at the same
time the arc is struck so that the electrode melts, and the filler

* Minter, “The combined autogenous electric weld p}o'eess ‘ Arcogen’”
Autogene Metallbearbeitung, Vol. 23 (1930), pp. 328, 340, 365.
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.

material in the arc is transferred to the article under the protection
of the gas flame.

A difficulty is now apparent, and that is to maintain the arc.
With an acetylene flame, we are not dealing with stationary, but
with rapidly moving gases, in which the arc will be extinguished,
as it is not in a position to ionize sufficiently the streams of gas
which are rapidly being renewed.

By means of a chemical paste which is put on the electrodes, it
was found possible to raise the electric conductivity of the welding
flame about a thousand times. The conductivity of the flame is
improved by the paste to such an extent that, in order to strike the
arc, it is no longer necessary to touch the article with the electrode as
is necessary to strike the arc when welding is carried out in air. As
a rule the arc is struck automatically, as soon as the flame touches
the end of the electrode. The welding voltage amounts to about
33 volts, whereas the current strength is only about 58 amperes, so that
the current consumption is only about half that which is used in
arc welding in air. However, as the consumption of gas must be.
added to the consumption of current, and as moreover one must
have a plant for the arc welding, as well as the equipment for fusion
gas welding, the welding costs of the Arcogen process, per unit of
time, are about 50 per cent dearer than fusion gas welding and
correspondingly hlgher than for arc welding. On account of the
welding speed, which is twice as great, these increased costs should
not only be covered, but it should be possible to achieve savings
of about 33 per cent.

It should be noted that in the ““ Arcogen” process alternating
current has shown itself superior to direct current. Flames have
the property that when direct current is used a positive flow in
the reverse direction is set up, which disturbs the equilibrium and
stability of the arc. This is due to the unipolar character of the
flame, which assists flow of positive electricity but retards that of
negative. With alternating current, however, there is no polarity,
and consequently no opposing action between two directions of
flow.. |
~ These remarks will serve to show that the ““ Arcogen” process
ought to combine the advantages of fusion-gas welding and arc weld-
ing, in so far as good fusion of the article, before the addition of the
filler material, should ensure the protection of the weld zone against
the absorption of gases from the air, and should ensure its slow
cooling. It is questionable to what extent it is possible' to avoid

ERY
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stresses. In this respect it has been shown that the ““ Arcogen”’ process
occupies a position between the other two processes. This is under-
standable since we have the effect of a double flame, but at the same
time double the speed is obtained, and in addition the weld Vee
may be kept very narrow. Even for thick plates it is unnecessary
to machine out the groove to the Vee or X form.

The “ Arcogen’’ process is suitable for the welding of steel for
plate thicknesses of % in. upwards, and in addition for copper and
alummium. It is unsuitable for materials which are sensitive to
overheating such as thin plates; it is also unsuitable for vertical and
overhead welding and for fillet seams.

As far as manipulation is concerned, welding with polyphase
current is similar to the “ Arcogen”’ process. Once again it is a purely
electrical process, but it is discussed here in connexion with what has
previously been stated. In the same way as the welder guides the
torch in the “ Arcogen ™ process, so with polyphase current he guides
a covered electrode in his right hand with which he carries out the
welding movements proper, and in his left hand he once more
manipulates a bare electrode. The fear may be expressed that
guiding and observing two electrodes can hardly be done with
success, since working with one electrode is difficult enough. As
a matter of fact, the welder only needs to observe carefully the main
electrode. The bare electrode behaves in this case exactly as in
“ Arcogen ”’ welding, in which it strikes without more ado, as soon as
it reaches the gas shield which emanates from the covered electrode.
In addition, the transfer of drops from it is protected by the gas
shield so the question of maintaining an exact distance from the
article does not arise. In consequence an advance similar to that
which can be achieved by the *“ Arcogen ” process may be achieved
with welding with polyphase current. The tests with a new poly-
phase current transformer have not gone far enough to enable a
definite attitude to be adopted towards it.

(5) PREPARATION FOR WELDING

The caretul setting up of the work, taking due account of the
stresses which are to be expected, and a well chosen arrangement
of the welds in the construction, are of considerable importance for
the success of welding. The types of construction which have proved
suitable when riveting has been employed cannot be adopted as
was frequently and mistakenly done originally, but they must con-
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form to the requirements of welding. There are a large number of
occasions when the preparation for fusion-gas welding and arc weld-
ing is similar; in other cases different methods must be adcpted.
Therefore, when discussing both kinds of welding at the same time,
it is as well to bear in mind the requirements of both. In general
the following remarks relate to the welding of steel, but at the same
time they also hold for the welding of non-ferrous metals, in so
far as special precautions, which will be discussed separately in the
following sections, have not to be taken. The welding of cast iron
occupies a special position as far as preparation and workmanship
are concerned. '

The first preparation for welding which should be obvious, but
to which insufficient attention is frequently given, thereby giving
rise to imperfections, is to clean the metallic surfaces which have
to be welded. Rust, oil, paint, and dirt give rise to the formation
of slag and bad joints. Consequently, the welding rod should also
be clean and free from rust.

After this, it is generally necessary to prepare the articles further
by flanging, bevelling or Veeing.

We have to distinguish between

Butt welding for the welding of plates in the horizontal or slightly
inclined position;

Fillet welding for the welding of plates which are inclined at a
large angle to one another or lapped or joined together by
means of cover straps;

Building-up welding, which serves the purpose of restoring to
their original condition parts which have been worn away
during service, or of covering new or worn parts with a
hard wearing surface (Hard Welding).

Apart from the cleaning of the welding surfaces, it is unnecessary
in fillet and building-up welding, to make any further preparation
before putting down the weld run. In butt welding, however, the
articles must usually be so prepared that a Weld Groove is formed,
which is to be filled with filler material. This may only be omitted
with plates from % to § in. thick, which are butted against one
another, as is shown in fig. 84, and in such cases it is advisable to
choose the distance of the plates from one another as gy in. for 3% in.
thick plates, and 4% in. for } in. thick plates. With plates of these
thicknesses, it is an advantage to lay a backing plate underneath the
weld to conduct the heat away, otherwise it is easy to burn holes in it.
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Thinner plates are flanged or folded according to figs. 82 and 83.
The flange or the fold is melted down between the plates by
means of the flame or the carbon arc and provides the filler material
for the groove.

With plates of } in. thickness and up-
wards 1t 1s necessary to prepare a wider
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Figs. 82-86.—The preparation
of various thicknesses of plate for
welding. Fig. 87.—Microscopic photograph of an X weld

welding groove by bevelling the plates, so as to make it possible
to weld through right to the under-edge of the plate. When
fractures are being welded, a weld groove of this kind must be made
by cutting out the faulty piece down to the base. This groove may
be made either Vee-shaped by bevelling the plate up one side, as is
shown in fig. 85, or by bevelling both sides and making it X-shaped,
as is shown in fig. 86. Previously the Vee-shape was used for plates
up to # in. thick; for thicker plates the X-shape was used, bearing
in mind that the weld zone has a cast structure, and therefore it is
desirable to limit its volume as far as possible. The X-seam has,
however, an important disadvantage unless welding can be done simul-
taneously from both sides. For reasons which will be advanced later,
this is preferably done with copper, but is seldom" done with steel.
While the first side is being welded, the filler material usually drops
through the root of the groove and solidifies into hard drops. These
drops which are covered with an oxide skin block up the section of the
groove on the other side, and are difficult to melt down during the weld-
ing of the second side. With this arrangement, therefore, attention
must be paid to avoiding the formation of oxide inclusions and hollow
spots in the root as occur with the welding which is illustrated in
the etched photograph in fig. 87.

Nowadays narrower angles are preferred where possible, and
Vee-shaped grooves are employed for plate thicknesses up to { in.
Beyond this one has usually to go to the X-shapc
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When broken parts are being repaired, a suitable groove of
V- or X-shape is made by cutting out the fractured portion.

With arc welding or gas backward welding, a bevel of the plate
of 30° is sufficient for plates up to # in. thick, so that the weld angle
amounts to 60°. For greater thicknesses, a large angle is chosen,
according to the plate size, so that for a § in. thick plate, an angle
of 75° is obtained. ~With X-shaped welds starting at # in. plate
thickness an angle of 60° is used. For gas forward welding, larger
angles are invariably necessary in order that the effect of the flame
shall penetrate into the root of the groove.

It is usually recommended that the bevel on the plate should not
extend over the whole thickness of the plate, but that it should be
left unbevelled at the root of the groove for } the plate thickness,
as is shown in figs. 85 and 86. This is to prevent the accumulation
of heat at the sharp edges of the plate from causing the plate material
to overheat and burn. Experience has taught that with this arrange-
ment, the groove at this point is difficult to fuse, especially with
thick plates, and consequently insufficient penetration is obtained.
The welder finds it much easier to avoid the former mistake than
the latter. Consequently, it is often better to dispense with this
arrangement of the groove and to bevel the plates for the full thick-
ness. In any case, with gas backward welding, it is advisable to
extend the bevel for # of the plate thickness, since the depth to
which the flame acts is greater.

In all cases, the distance apart of the plates should be { to  in.
for both the V- and X-shape of groove. :

When the welds are being arranged in llm
the construction, it will not always be t Right Wrong
possible to make an angle of V having
the dimensions given above. If a choice §

between various constructions is possible,  Figs. 88 and 89.—Right and wrong
it should always be borne in mind that Preparation for comer seams on con- .
too narrow an angle endangers the

quality of the design, and it is better so to arrange the weld seam
that the groove permits of good fusion. As an example, if a corner
weld is being made, the type shown in fig. 88 will be chosen and
_not that shown in fig. 89, which has too narrow an opening.

At the beginning of the design of the construction, the designer
must pay attention to making the weld accessible. It must be so
situated that the flame or the arc can penetrate into the groove, and
further, that the welder can work in the most comfortable position
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possible, since only then is it possible to carry out careful work.
Welds, which have to be made overhead, are to be avoided as far as
possible, since in this position a quality comparable with that
obtainable with horizontal seams can never be realized. Vertically
welded seams are also unsatisfactory from the point of view of
quality, but they can seldom be avoided in welding on site, and
also when welding unwieldy members in the workshop. A
clever designer, however, can do a great deal to improve the
quality of the weld.

Apart from the points which have been mentioned, there are
two more which are very important in the arrangement of welds in
the construction, viz. the recognition of stresses set up during ser-
vice, and the avoidance of stresses due to the heating of the article
during welding, and the distortions which are experienced
during cooling.

As far as possible, the weld should be so positioned that only
tensile and compressive stresses are set up. A soundly made weld will
always stand up to stresses of this kind. The weld seam is more
sensitive to shear, but in many instances this arrangement cannot
be avoided. On the other hand, care should be taken never to subject
the weld to bending stresses. It must always be borne in mind that
the weld seam has a cast structure which does not possess the same
ductility as the base metal. ‘

For this reason, it is definitely bad to select corner joints,
as shown in fig. 88 or 89, for vessels which are subjected to
pressure, because they will be stressed in bending when the walls

of the container swell out during service and then
return to their original position. The only correct
type is according to fig. 9o, in which the weld seam
is stressed in tension. Equally bad is the arrange-

, ment shown in fig. 93 for junction welds between

Fig. go.— Ar- . . .
rangement of a flanges and pipes. Two mistakes have been made in
oressure vessel, | this case. The weld groove is too narrow, and is in

addition stressed in bending. The first mistake may
be got over by the arrangement shown in fig. 92, but the best
arrangement is that shown in figs. g1 and 94, where the seams
are stressed in tension. *

It is equally bad to use a V- or X-shaped bevel for an angle
joint, as shown in figs. 95 and g6. Itis xmposs:ble with this arrange-
ment to get as safe a Jomt as that shown in fig. g7, which is the only
corzect one.
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It is of the greatest importance to take into account the Heating
Effect of the Welding Flame and the Arc on the material surrounding
the weld, and this should be done in the preparation of the plates
for welding and in positioning them in the construction. This is
very important, as was
mentioned when dis-
cussing various pro-
cesses, and especially
so with fusion gas
forward welding, since
the effect of the flame
is spread over a larger
portion of the plate
near the weld zone.
At the same time,
even with fusion gas
backward welding and Fig. 93 Fig. 04
arc Welding, precau- Figs. 91-94.—Welded joints for pipe flanges
tions are necessary.

Due to the heating, the plates expand. If they are laid together
with an equal gap along their whole length they will tend to overlap
one another in the way which is indicated in fig. 8. It is then im-
possible to continue the welding. This overlapping will be increased,
depending on the magnitude of the heating effect on the surrounding
plate, and decreased if it is possible for the plates to expand in the

Wrong Wmng Right
AR N LINMMMMNNRNRRRRNNNY PN N
Fig. 95 Fig. 96 Fig. 97

Figs. 95-97.-—Right and wrong types of welded oints on angle joints

opposite direction. This is always so with large sheets of plate.
Hence care must be taken, during preparation for welding, that
the plates cannot overlap one another. In arc welding, it is sufficient
to tack the plates before welding in the way shown in fig. 99. The
tacks, which should be pitched at 6 in., should be small, so that they
are completely melted down when the welding is carried out, as
otherwise they may give rise to faulty spots. The tacks are first
made at two ends of the seam and then two tacks are put in the



104 WELDING PROCESSES

N N W RN

middle and so on, until the required pitch of the tacks is obtained.
If one tries to make them in a row, starting at one end, it will be
found that the tacks which have been made, will crack due to the
elongation caused by the heating of the plate, which will set up a
bending moment.

Since the plates are prevented from expanding during welding,
stresses are set up along the seam, but these can be kept so small,
in arc welding, that they do not give rise to bulges and contractions.
This is done by adopting a suitable order of welding (step-by-step
welding), which will be discussed in greater detail in the following
pages. Conditions are more difficult with gas welding. The heating
is considerably greater and it requires different precautionary

measures, especially with thin plates.

; When one tack has been made, the

stresses, which have been set up during

welding will undoubtedly cause the

- plate to buckle. The plates are there-
Fig. 98 Fig. 99 Fig.1o0  fore laid together in such a way that
the gap increases in the direction of

p ) welding, as may be seen from figs.

J 100 and 1or. A suitable dimension

for the distance between the plates

Fig. 101 is {% in. per foot weld run, when

Figs. oS—xox.-—?recnutions agaipat forward gas weldmg is employed
mpgruture clongations when weldn® and  thin plates are used. When
gas backward welding is employed

and thicker plates are used, the increase in width of- gap may
be kept smaller. In spite of this, in order that the plates
should not overlap one another, their position is maintained
by means of a wedge, as shown in fig. 101, or by means of
two crossed steel bars. At the same time, this method makes it
possible to maintain the vertical position of the plates on both sides.
Depending on the speed at which welding proceeds, and the extent
to which the plates are drawn together during heating, the wedge
or bar is gradually pushed forward. In this way, tensile forces are
set up due to the tendency of the plates to contract, and compres-
sion forces due to the resistance to this contraction, provided by
the wedge. The tensile and compressive stresses must balance; if
a seam which is free from stress is to be obtained. The welder
himself will best learn, from experience, how large a wedge angle
to choose and at what distance he should keep the wedge from
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the welding flame, in order to complete a weld without buckling.

On cooling, the weld definitely tries to contract because the
solidifying process is bound up with a reduction in volume. More-
over, during welding, the edges of the seam have come nearer
together.  Contractions therefore occur, which in turn set up
stresses, which cause distortions as displacements in the plane
of the plate. According to Lottmann, these contractions, for V-
and X-seams with arc welding, amount to about 0-024 in. per
foot run in a direction at right angles to the seam, independent
of the plate thickness. Stresses and distortions will follow con-
tractions to an extent which is greater the less the construction
allows the parts, which are being welded together, to expand in a
direction parallel to the weld seam. As far as possible, therefore,
rigid parts should be avoided during the design of the construc-
tion and also during erection,
by adopting an order in which
the weld seams are made,
so as to try to guard against
rigid fixing. |

For example, in the weld-
ing on of patches, which are
frequently necessary in the Figs. 102 and 103.—Welding of patches on to plates
repair of containers and
boilers, due to rusting or cracks, it is most satisfactory to
put these on so that they stop short at the edges of the article
on one or two sides, and in this way the patches may freely
expand and contract in this direction during the welding and
cooling of the weld. When the weld is being made, that side
of the patch which is parallel to the free edge is first welded,
and only after cooling will the welding of the other be carried out,
in the direction indicated by the arrow in fig. 103. With fractures
at rivet holes, the rivets should always be taken out for such a dis-
tance that the plate can freely expand during welding. There are
other precautions to be taken to nullify the effect of contraction
during the cooling of the weld seam. For example, if the patches,
which have been mentioned above, have to be put on so that they
have to be welded from all sides, it is helpful to choose them somewhat
larger than the space to be filled and to dish them before welding.
Due to contraction, they distort into the plane of the plate, if the
dimensions have been chosen correctly, and experience soon enables
this to be done. The order in which the seams are welded is selected
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in accordance with that given in fig. 102. The corners of the patches
should not be sharp but rounded off as far as possible.

Because of the arrangement of the weld seams in the construc-
tion, it will not always be possible to limit to a minimum the diffi-
culties which occur due to distortions and contractions, to such an
extent as to render them unimportant. In such cases, a weld process
should be chosen in which the heating 1s as small as possible. It is
scarcely possible, therefore, with lapped plates and cover straps to
make a good weld with a gas flame. In fillet welding, the arc weld-
ing process will invariably be preferred. The most suitable type,
for gas welding, is butt welding with the plates in the horizontal
position.

For example, under the influence of the flame the thin plates
which have to be lap welded will part from one another, as may be
seen from fig. 104, or if tacked before
welding will distort out of the plane

Fig\;@‘fg};‘jfzcje‘r’fag;ﬁ"gld‘"i"g of the plate. Arc welding, therefore,
plates

is better for this case, but at the

same time there are special precautions, which will be discussed

later, to be observed during welding. Thicker plates may

perhaps be welded in this way with gas, provided some care is

taken, but only one edge should be welded and not two, as in

w»

=

Figs. 105 and 106.—Welding of straps and lapped plates

fig. 105, although this arrangement, in itself, would be more satis-
factory. The contraction, which would be set up in fusion-gas weld-
ing, when the second seam was welded, would undoubtedly lead
to too high stresses, and as a rule to fracture of the first seam, since
the plate is now to be regarded as rigidly held, because of the first
weld. Arc welding is the only possible process, for the same reason
as when strapped joints are being made, as shown in fig. 106. In
this arrangement also, if double lapping is employed, it is better to
leave the butt joint between the plates unwelded, since the figure
shows that, during the welding of the fillet seams on the straps, an
opportunity is given to the plate to move. If this is not observed,
the butt weld may easily fracture during the welding on of the
straps, without its being noticed. Strap joints of this type, which
are frequently recommended as strengthening straps for the rein-
forcing of a butt weld can, on the contrary, frequently be termed
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non-strengthening straps. The simple butt weld is, as a rule, safer
than such strapped constructions.

Setting up the Article—In conclusion, it is relevant to the pre-
paration for welding, that one should keep ari eye on the most suit- -
able and accessible way of setting up the article. If it is at all possible
in the welding workshop, large objects should be set up so that they
are accessible from all sides, without the welder having to adopt
an uncomfortable position, which he cannot maintain for a long time.
Small articles are best set up on the welding bench about the height
of the welder, so that the welder can work sitting on a stool. Whether
the weld is arranged to be at right angles to the position of the welder
or in the same direction, depends on the skill and habit of the
welder. )

During erection, it will not always be possible to arrange the
seams, which have to be welded, to be comfortable for the welder;
at the same time a great deal can be done during the design of the
construction, which will conduce to the elimination of difficult
positions.

(¢) MAKING THE WELD

Even if a considerable number of precautions have to be
taken when preparations are being made for fusion-gas welding,
which differ from those for arc welding, at the same time, the
way in which the weld is carried out in both processes differs
fundamentally. They will be treated separately in the following
pages. It will be shown that the differences, not only in the guiding
of the torch and the electrode, but also in the treatment of the base
metal, are so great that at the outset, one should avoid letting a
- gas welder do arc welding and vice versa, or changing them over
from time to time. This is frequently regarded as permissible and
even as advisable.

Gas Welding

In gas welding, which will be discussed next, it is of fundamental
importance that the welding flame should be set correctly.

The Welding Flame.—The flame is formed by the combustion
of a combustible gas with oxygen. The combustion should be com-
plete, since a non-combusted portion of the gas usually has a harmful
effect on the weld. Excess oxygen which leads to oxidation of the
weld.metal, and the formation of slag, is equally dangerous. Conse-
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quently, the combustible gas and oxygen must be present in a
definite proportion to one another, and therefore must have been
already mixed in the torch in quantities corresponding to this pro-
portion. The quantity of oxygen, which is necessary for complete
combustion, varies with different combustible gases such as acety-
lene, hydrogen, benzol vapour, &c. With acetylene it amounts to
five volumes of oxygen to two volumes of acetylene. Since the
flame, however, takes oxygen from the air for combustion, it has
proved practicable to provide a mixture of acetylene and oxygen
in the ratio of 1-1-1 up to 1-2. If the mixing ratio varies during
welding, due to variations in pressure in the generator, the lines, or
the oxygen cylinder, or due to
the heating up of the torch (com-
pare p. 51), the flame must be
adjusted forthwith.

The setting of the flame is
comparatively simple when ace-
tylene is used as a combustible
gas, since excess acetylene as well
as excess oxygen show this clearly
by their appearance.

With a correctly set flame,
== as is shown in fig. 107, a strongly

Fig. 109.—Flame with excess oxygen illuminated, brlght yellow, lOl’lg

Figs. 107-109.—Appearance of the welding ﬂame iS CICarly seen at thc tip Of

flame the torch and in front of this a

rounded cone. Broken edges or a

sharp appearance of the cone indicate a damaged or dirty torch tip.
The torch tip must then be changed or cleaned.

If excess acetylene, which would lead to a carburization of the
iron, exists in the flame, the cone loses its sharp definition, as is
shown in fig. 108, and takes on a pale illuminating appearance; the
acetylene must then be throttled down. On the other hand, with a
deficiency of acetylene and excess oxygen the flame gives a short
violet cone, as in fig. 109. -

The combustion of acetylene. takes place in the flame in two
stages. In the illuminated cone of flame, there is a mixture of almost
entirely free oxygen and uncombusted acetylene. Immediately
afterwards, the acetylene (C,H,) suddenly decomposes into its two
constituents, carbon (C) and hydrogen (H), so that the carbon
combines with the oxygen (O), which is present in the torch to form
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carbon monoxide (CO). This may be represented in a chemical
formula as follows:

Csz + 20 = 2C0O + Hz.

Due to the speed with which it takes place, this process, which
may be distinguished in the sharp edge of the illuminating cone, does
not represent complete combustion of the combustible gas, since
carbon monoxide and hydrogen are both combustible constituents
of the flame. These, therefore, draw oxygen from the air for their
further combustion in the second zone, and this combines in the
third flame zone with the carbon monoxide to form incombustible
carbon dioxide and with the hydrogen to form water. Expressed
in a chemical formula the second combustion process is as follows:

2CO + H, + 30 = 2CO, + H,0.

It therefore obviously follows that the middle zone, which is
suitable for welding, is a zone having a reducing effect and in this
zone the maximum temperature of 5500° F. (3000° C.) is developed
If the cone of the flame is brought on to the article, the free oxygen
which is contained in it would lead to the burning of the base metal.
This is easily observed, because a violent shower of sparks occurs
in which the sparks, which are thrown out, break up at the end of
their flight into star-shaped pieces, whereas with a correctly set
flame, the sparks retain the closed spherical shape. On the other
hand, if the flame is kept too far away, harmful effects on the welding
seam are set up, because the water vapour, which is present, splits
up into its components, hydrogen and oxygen, on account of the
excessive heat. In addition, it is at thispoint that the harmful effect
of oxygen and nitrogen from the air occurs.

It is important that the flame should burn quietly, should not
be extinguished, and should not strike back in the torch. Hence,
the exit velocity of the gases must be such as to exceed the ignition
velocity. If the former is too high, the flame is projected too far.
If it is too small the flame strikes back in the torch. Hence, the
pressure drop, which occurs with oxygen cylinders which have been
emptied too far is very disturbing. In these circumstances, the exit
velocity of the gases may be suddenly reduced, due to the sudden
expansion causing freezing, when the oxygen flows out of the
cylinder valve, or when the oxygen supply is totally or partially cut
off, as occurs if the gas hoses, which are lying on the ground are
trodden on. A further cause of striking back is that which has already
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been mentioned, namely, a variation in the pressure conditions due
to a too intense heating of the mixing chamber, or to choking of the
torch nozzles or to leaks in these.

The adjustment of a Hydrogen Flame is much more difficult,
because the cone of flame, which is coloured blue to bright violet,
does not stand out very clearly from the flame, and is therefore
difficult to recognize. Considerable experience is necessary to weld
safely with this flame, since a point which lies only a few sixteenths
of an inch in front of the flame tip can be used effectively for welding.
The only indication that the cone of flame has been brought too
near the article is a dark point, which appears in the flame, and which
is caused by the cooling of the metal surface by the uncombusted
gas mixture present in the cone.

The Benzol Flame is similar to the acetylene flame, while the
illuminating gas flame is more like the hydrogen flame.

Manipulation of the Torch.—When types of welding were being
discussed, it was previously mentioned that, during forward welding,
the torch was oscillated and guided along the welding groove, so
that it impinged on the edges equally, while the welding rod was
moved in a straight line in front of the flame. On the other hand,
for the type of backward welding, which is generally used, the torch
is held in a straight line and the welding rod is moved behind the
flame with an oscillating motion in the molten bath. At the same
time, it is not intended to convey that the movement must be made
exactly as that shown in the illustration, in figs. 68 to 79. ~Good
welds cannot be made mechanically and systematically. They
require consideration, skill, and experience, which can only be
obtained through practice. The most important thing is that the
welder should learn to observe and follow exactly the fusion process
in the weld seam, and should control it so that the article at the
edges of the weld is nicely fluid, the filler material is fused in with
it, and a real welding of the two takes place, not an adhesion. In
addition, the base metal should not be overheated or burned, and
finally no pockets should be formed due to gas. In order to learn
these points, good instruction and practice are necessary. Therefore
it appears misguided to give definite instructions for guiding the torch.

It will be seldom possible to travel uniformly in the direction
of the weld and add filler material evenly. The torch will fre-
quently have to be moved backwards, especially at the moment
when filler material has been added, in order to keep the molten
bath uniformly fluid 'and to drive out slag.
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It is a mistake to keep the torch at one place for a long time, since
in this way the material is overheated, and it is also wrong to let
the flame move out sideways from the weld seam, since the hot
weld zone is then free and exposed to the action of oxygen from the
air. On the other hand, moving the flame away for a short time during
welding is not so dangerous, although a warning is frequently
uttered against it. An unskilled welder should avoid it, but an
experienced welder frequently uses it in order to bring slag, which
is enclosed in the molten bath, to the surface, or in order to close up
pores.

If two plates of different thicknesses are to be butt welded, it
will be obvious that the flame should be concentrated on the thicker
plate, in order to keep the edges of the thxcker as molten as those of
the thinner.

With forward welding, it is preferable, with thick plates, to fill
up the bottom of the groove first, for a length of about § to % in,,
and then to increase the size of the weld by going backwards and
forwards until the weld groove is completely filled up. In this way
a sloping surface is formed in the direction of welding from which
one travels in the direction of the seam, in order to weld it com-
pletely. It has also proved advantageous to hammer the weld with
a round-headed hammer as soon as it has been filled to a depth of
% in. Special care should be taken when doing this so that the
hammering takes place at red heat. By means of this treatment, a
considerable improvement in the quality of the weld is obtained.

A further improvement in the weld may be realized by suitable
subsequent treatment. By subsequent annealing the structure is
refined. Hammering at red heat after welding, on plates which are
not too thick, will give the same result as hammering during the
weld process. With thicker plates it is recommended that an inter-
mediate treatment by hammering during welding, should be made.

In backward welding, however, the filler material is put down
in the welding groove until the latter is completely filled, that is
to say, in one run before proceeding farther with the torch. Hammer-
ing also helps to improve the quality of the weld, if it is carried
out at red heat, but as a rule, this cannot be done, as the welding
process should not be interrupted. Therefore a penetrating effect
is not obtained, and the improvement in quality is largely restricted
to the surface. As a rule, therefore, it is avoided, and wherever
smooth seams without a weld reinforcement are required, forward
welding is used..
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British manufacturers against the Indian millowners to retard the
growth of the cotton industry in which millions of rupees were
invested. After a great deal of controversy, the Acts of 1881, 1891
and 1911 were passed. The Factory Acts of 1881 and 1891 did, of
necessity, bring about some depression to the industry.

Other Influences.

-

The history of the cotton industgy from 1892 to 1900 is an
eventful one.

The high price of raw cotton from 1892 onward seriously
reduced the profits of the manufacturers and there were no two
consecutive years in which they were working under normal
conditions.

The Indian Industrial Commission (page 73) has truly
observed : —

“The closing of the Indian mints in 1893 to the free coinage
of silver, together with the industrial development in
recent years of Japan, which now not only supplies its
own needs but is a keen competitor with India in the
China yarn market have to some extent retarded the
rapidity with which the Bombay yarn industry was
previously expanding.”

In 1896, the shadow ©of the famine fell over the industry and the
outbreak of plague in the Bombay City caused an exodu$ of the
inhabitants which for the time almost stopped the working of the
mills. Since then the industry suffered an acute crisis, the culmi-
nation of which may be seen in the reduction of the output of yarn
from 514 million lbs. in 1899-00 to 353 million lbs. in 1900-01.

Mr. OConar’s Review of the Trade of India in 1899-00
describes in detail the causes : — :

“The truth is many......nlills were established in the interests
of those who financed them, their remunetation being a
commission: on each pound of yarn spun, without
reference to its sale at a profit. The inducement to -
excessive production is manifest. A second reason......
lay in the exclusive attention given to China......

" market. The Agents had no interest to . seek .out .a
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tion), due to the vast abundance and relatively cheap supplies.
This indicated the improved spinning efficiency and a demand for
finer staples.

The year 1911-12 which witnessed the fall in the price of raw
cotton was of bad omen for our spinners. Later on, the fall in the
price of the raw material synchronised with improved conditions in
China, and evoked an exceptional demand but almost immediately
after heavy contracts had been made for shipment, the revolution in
China created a situation which was only saved by the development
of an internal demand. The output was estimated to be about
756% of the maximum of which the industry was capable.

A glance at any statistics showing progress of production and
export of yarn will clearly show that there is a steady increase. Till
1905 there was a steady decrease in imports of yarn for hand-looms.
We produced higher counts of yarn here. The increase in imported
yarn in 1905 was due to the increasing demand of finer counts and
decrease of import in long-stapled cotton. The table shows the
quality of yarn produced.

They will also show that during the 14 years from 1900, we
have made a fairly rapid advance in production of grey goods. (In
1897-8, about 919% of goods were unbleached and grey, and in
1913-14, only 409 were such—this points to an improving situation)
in spite of several difficulties, referred to above, like plague, famine,
the 1905 overproduction crisis, the high price of raw cotton after
1907, the effects of the excise, and the silver tax, (which we will
consider shortly). We have already noted the prominent causes of
depression, vis., overproduction due to the mill agents’ remuneration
being a commission on each pound of yarn produced irrespective as
to whether the outturn was sold at a profit or otherwise, and the
exclusive attention to the foreign market. Referring to the system in
_most of the Bombay mills of remunerating agents not on profit but by
commissioh upon outturn, the Cyclopeedia of India writes: —

“*The internal management demands a radical reform and
needs to be purged of the many corrupt practices which

- are a reproach to their morality. Simultaneously, the
'burdens and ‘system of commission on the production,

. _attben&eofmquartermmperlb uzgm!y dammds L
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replacement by a fair and reasonable rate of
remuneration.’

The export of piece-goods was comparatively insignificant and
shows no rise. The imports are steadily rising which points to the
fact that Indian mills could not supplant Lancashire ones, that the
ooarser quality of goods formed only a part of the demand of the
population.

It was thus clear that in order to oust the foreign manufactures,
the mills had to go on producing finer goods, if mnecessary, by
importing long-stapled cotton and by improving their old-fashioned
methods of dying, bleaching, mercerising, finishing and making
them up-to-date.

The foreign demand, e.g., of China, of our goods is always
precarious and unstable. Therefore in our interest, we ought to
develop the home-market. The action of the excise duty which leaves
the yarn untaxed but affects the weaving industry, may have been
partly responsible for this neglect of developing the home market.

The Hon’ble Mr. Manmohandas Ramji® dispelled the belief
that the development of home-market was 1impossible in view of
foreign imports, thus : —

...... “The development of the home-market should ever be an
ideal placed before us. Because the country does not
manufacture variety of goods at present, it does not
follow that it will not be able in time to come to manu-
facture them. The working of the mill industry in this
country shows how the production of certain goods
considered impossible before, is now going on apace.
Similarly, the mills, if afforded proper scope for
development, will be producing finer varieties of piece-
goods.”

The Silver Tax in 1910-11.

The Chairman of the Bombay Millowners' Association said
that the silver tax had transferred the yam trade from Bombay to
Japan. H it be true, it corroborates the anticipation of the Hon'ble

" @ The Oyelopmdia of Indis, II, p. 27 ; pp. 384-378 give o good ncoount of the
30" Bee his apeech in the Annaal Report of the Bombay Millowners’ Amociation,
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chosen than for thicker materials. As a rule, it is customary to weld
with 8-gauge electrodes, and thinner electrodes only are used with
light plates. For thicker plates, and in building-up welding, elec-
trodes from 6- to 4-gauge are used to increase the welding speed,
but, if ‘too thick electrodes are chosen, this is always attained at the
expense of the quality of the weld, since the depth of penetration is
then reduced, as will be discussed later. A thickness greater than
4-gauge, therefore, should not be exceeded, otherwise current
strengths greater than 200 amperes have then to be used, for which
normal welding dynamos and transformers are not constructed.
These are then overloaded and are ultimately damaged.

For various plate thicknesses, therefore, electrode thicknesses and
ampere values should be chosen as follows:

Plate Thickness Electrode Diameter Current Strength
1% to & in, 14 G. 45 to 6o amp.
Lo, 12 G. 6oto 8 ,,
wtoF 10 G. 100 to 120 ,,
Htod 8 G. 160 to 180
over] \[ 6 G. 180 to 220 ,,

4 G. 225

Mamnipulation of the Electrode.—During the welding process, the
manipulation of the electrode differs considerably from that of the -
torch, since in arc welding, the fusion of the base material and the
addition of filler material takes place simultaneously, whereas in
gas welding, the base material is melted by means of the flame
before the filler metal is added.

* Further, it should be noted that the arc should fuse deep down
into the article: as is said, it should bite into it. A good Depth of
Penetration is the first necessity for a good welded joint. Since only
a small portion of the article can be maintained molten by the arc .
in this condition, it so happens that the filler material is always
transferred from the electrode to this point and not to those sur-
rounding portions of the article, which are not molten, as it cannot
fuse with them, but will only stick to them. As was mentioned in
the previous discussion on the arc, the cinematograph photographs |
of the arc taken by Hilpert and Thun have shown that the filler
material is transferred in the ar¢ in drops over the shortest path

‘ from thc electrode to the article. - The same direction, 'as .is taken
i rpppaasmgtot!mamqie, -must therefore be.given to the -
Hlﬂ. the shortest wh betvmep electrode and the -
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article. It may be assumed this is usually impossible if the arc is
held perpendicularly to the weld surface. Due to the magnetic
lines of force, which are set up in the article by the discharge of
current, the arc is disturbed, that is, it is subjected to the effect
of a “ Blow”. This must be neutralized by the Manipulation
of the Electrode. The most varied and contradictory views
have been broadcast about this process, and consequently it has
so happened that, even when dealing with the manipulation of the
electrode, the most varied instruction is given. The experience of
the Welding Research Laboratory, in which all the electric welders
belonging to the State Railways have been trained, has yielded the
following results.

Information about the ‘ blow ”, to which the arc is subjected,
may be obtained in the simplest manner, and the processes may most

m
v,
Il’ll’llyl/’lll

Blow Effect

Lr

T / L 7
Fig. 11o.—~Illustration of £..
the action of the arc Direction of Arc Deflected Arc-
a, Connexion of positive Fig. 111.—The way in which the electrode is held
' pole * during arc welding

clearly be observed by guiding a long carbon arc over an I joist,
situated on the welding bench in the manner shown in fig. 110.
The connexion of the work to the positive pole is obtained through
the welding bench, that is to say, as far as the upper flange is
concerned, it lies in the middle, at point a. If the electrode, which
is held vertical to the surface of the flange, is moved from left to
nght it will be clearly seen that until the middle of the ﬂange that
is the connecting point, has been reached the arc is “ blown ” out
to the left without touching the pomt on the work which lies under
the electrode. If the electrode is moved further (dotted posx-‘
tion), the arc reverses to the opposite direction. Hence the arc is
- always ““ blown ” away, in a direction away from the connexion to
the work. By holding the electrode inclined as is shown in fig, 1r1,.
the arc may be compclled to take the shortest path to the work and. -
to  melt exactly the pomt whxch the transferrcd ﬁl}er matemi
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‘touches, before it is disturbed by the ““ blow ”. The bend in the
electrode, which is shown in the figure, is only intended to facilitate
the guiding of the electrode by the welder.

. The magnitude of the effect of the “ blow ”’ varies with various
plate thicknesses and decreases with the distance from the connexion
to the article. Consequently no definite information can be given
regarding the amount of inclination of the electrode.,

Further, it has been shown to be advantageous to weld in a
direction away from the point of contact with the work, so that,
from what has been previeusly stated, the electrode should be held
inclined in the direction shown in fig. 111. With this direction of
welding, the arc is ““ blown *’ over the open weld groove which is thus
advantageously preheated. One may also weld in the reverse direction,
i.e. towards the point of contact, but then the electrode must be
inclined to a corresponding extent, so that the arc is compelled to
assume a vertical direction. The weld, which has already been made,
will now be brushed by the arc, and the former acquires a rusty
brown covering of very minute beads of iron particles which are
thrown out, and becomes very dirty in appearance. Consequently,
it is preferable, so to select the current connexion to the work, that
the welding is directed away from it, and if this cannot be done
along the whole length of the weld, because of the type of con-
struction, it is preferable to move the connexion. With long seams, it
will be necessary to move the point of connexion now and again. Fre-
quently the phenomenon occurs that, at a certain distance from the
point of connexion, the arc becomes disturbed, flickers to and fro,
and even goes out. This is probably due to eddy currents which
are set up in the work. If the welder cannot control this phenomenon
- by successful manipulation of the electrode, the point of connexion
must be moved nearer or put on the other side, and then the weld
must be started again from ‘the other end. This phenomenon has
also- been connected with unequal heating of the work. Attempts
have been made to overcome it by heating the work or by preventing
the conduction of heat by means of heat insulating backing pieces,
" and with thick sections this has proved to be of some advantage.

.~ + As regards the connexion of the article to the current supply,
it should be noted that the parts which have to be welded should
~both be connected, so that the arc acts equally on -both welded
‘edges. If this cannot be obtained by ‘means of a clamp; the con-
‘gmnm ‘ghould be split.. -As a rule, the work is connected to the

?“9pmitive poh and. the. electmda o ﬁ:e neganve p,ole of the current
Uty = . o
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supply, but there are exceptions in which the opposite procedure
- is adopted, and these will be discussed later.

As far as the manipulation of the electrode is concerned, the
following points should be borne in mind. The arc should be kept
as short as possible so that the absorption of oxygen and nitrogen
from the air by the molten filler material, which is transferred in
the arc, is made as difficult as possible, since the filler material has
a great affinity for them. The absorption of nitrogen conduces to
an appreciable extent to brittleness in the weld, and this will be.
dealt with in greater detail during the discussion on covered elec-
trodes. :

If a weld groove is to be filled up, as is the case with junction
welding or in the welding of fractures, it is most suitable to select an
electrode about 5 to § in. thick, even with thick plates, and to guide
the arc in a straight line along the groove. In this way, excellent

Right Wrong Wrong

Figs, 112~114.—Right and wrong multi-run welding using the arc

welding of the root of the groove is achieved. An oscillating to-and-
fro movement, which is frequently recommended in this case, and
also for fusion gas welding, is unnecessary. This movement is only
made if the weld run does not fill the groove, and one has to weld
in several runs.” A circular movement of the electrode, as is fre-
quently recommended, is inadvisable, because the arc passes over
places which it has already touched; the seam will then be fused .
to some extent and the material burned.

If the groove is not filled up by one run, as in the welding of thick
plates, a second is put down and if necessary further runs are.added.
Consequently, a fundamentally different method is adopted from
that in fusion gas welding where the groove is, as a rule, filled up

- for the complete depth. Thicker electrodes are chosen for additional
runs for various plate thicknesses, as shown on the previous page. .

" Before a further run is put down, however, the previous ones must
always be cleaned thoroughly with a wire brush, so that they are _
metallically "clean and free from  spatters. Special care is to be -
observed when covered electrodes are being used, sinceé slag, which .
‘can only be removed with difficulty, Iodges in cavities in-the weld,
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This slag does not come to the surface of the molten bath when fresh
runs are put down. It is covered up and forms undesirable inclusions, '

On the other hand, welding in several runs results in the nor-
malizing of the weld. In the welding of each run the one which
has been put down first, and which lies below it, is annealed and its
structure is refined, so that its hardness is diminished. Annealing
is, therefore, an advantage in multi-run junction welding, especially
when high quality of the latter is required.

In addition, in these circumstances it should be noted that if
more than two runs have to be put down near one another, one
should always be put down, starting from one edge of the article,
and only then should the middle run be added, as is shown in fig. 112,
Sharp angles, such as
may be seen from

fig. 113, as shown by T
the arrows. are to be  Electrode moved along too Electrode moved
’ quickly, or arc held too long along too slowly.

avoided. These are
difficult to melt down
and give rise to
pockets of slag. Even
with this arrange-
ment, a joint between ~ Correctly Welded
the runs, one below
the other, is not so ) S

gOO d as in the ar- Figs. 11 5—1!8.——Sectmr;; ::::e\ghwx;mf weld with correct and
rangement infig. 112.

The arrangement in fig. 114 is bad under any circumstances, since
the edges of the angle of bevel are unequally heated.

With skilful guidance of the electrode, a uniform run is obtained,
just as if drop had been laid on drop. The regularity of the welding
process is immediately upset as soon as irregularities in the guiding
of the electrode occur due to unsteadiness of the hand or from
other causes. If an arc is struck too long, a tendency which the
_ beginner frequently has, since a long arc is easier to maintain and

contact between the article and the electrode is easier to prevent,
the filler material drops in large drops with vigorous spluttering,
and this has the result of preventing adequate depth of penetration
from being obtained. The drops do not always fall on the molten
crater, but on spots of cold metal so that they do not weld. The
weld has the appearance showr in section'in fig. 115, whereas a
~.good ‘weld should have a section as shown in fig. 117. The arc

Fig. 115 Fig. 116

Welded with too low
a current

Fig. 117 Fig. 118
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must therefore be kept as short as possible, if good penetration is
to be obtained. As a general figure, the arc length should be about
equal in thickness to that of the electrode.

If the electrode is moved forward too quickly, the same bad
result is obtained as if the arc is held too long. In this instance the
arc also does not bite sufficiently into the article. In addition, there
is the danger that the crater will not be completely filled up by the
metal which is melted down, and that cavities and inclusions of air;
which reduce the elongation of the weld on fracture to a considerable
extent, will occur. If, on the other hand, the arc is moved too slowly
in the direction of welding, the molten crater will be over-filled with
filler material. This overflows, and as is shown in section in fig. 116,
it does not combine with the material at the edges since this is not
sufficiently molten. At the same time, there is the danger that if
the electrode is moved too slowly the base material will be over-
heated and burned. Over-filling of the weld crater also occurs
if welding is carried out with too low a current strength, when the
depth of penetration is insufficient, as may be seen from the section
in fig. 118.

In general, as far as welding faults are concerned, the same
remarks as have already been made about fusion-gas welding apply.
The driving out of the slag is very difficult, and for this purpose
only the “ blow " of the arc can be used. Only by practice and by
correctly holding the electrode can a welder acquire the necessary
skill. He must, at the same time, distinguish between the correct
welding temperature from the brightness of the molten iron, and
that resulting from discoloration caused by the floating slag. Con-
sequently, working with covered electrodes, in which a larger
quantity of slag is formed, is more difficult and requires greater
experience than welding with bare electrodes. It should be men-
tioned here, that it is a mistake to supply beginners with cevered
electrodes on the assumption that, by this means, welding will be
simplified, and that by using covered electrodes one can train new
welders in a short time to replace those who have left. It is certainly
easier to maintain the arc with covered electrodes, and it is of less
importance when these arée used whether the arc is kept short or
long, but at the same time there is a greater danger of slag inclusions
and of junction flaws from them, which can only, be avmded by a.
welder who has already acquired experience. '

Arc welding requires spec1a1 skill 'if vertical seams or overhead 3
seams have to be made, and if it cannot be camed out in’ the horx-



FUSION WELDING 121

zontal plane. At the same time, the difficulty is not so great as with
fusion-gas welding, because there are smaller quantities of molten
material, which can be put down in the form of drops, by making
contact with the article and the electrode from time to time, in such
a way that they are attracted by the action of surface voltage, in
accordance with our recent hypothesis. In these circumstances the
polarity is reversed, that is, the positive pole is attached to the
electrode.

In building-up welding, it is good practice to proceed as in
junction welding. In general, the same remarks which were made
about building-up welding employing the gas welding process apply.
Preheating of the article should be carried out if the article is sub-
jected to continuous stresses or if it has wall thicknesses which are not
uniform. Interrupted welding, with the article in the cold state so
as to avoid overheating of the latter and for the purpose of rendering
heat treatment unnecessary, has not proved sufficient to avoid
contraction cracks.

In order to obtain a surface which is resistant to abrasion, high
carbon or suitable alloyed welding wires are used. In building-up
welding of this kind, multi-run welding is, however, not an advan-
tage, as it is in junction welding, but a drawback, since the nor-
malizing of the lower layer has the result that only the top layer
possesses the desired hardness, whereas the lower ones have lost
their hardness. Consequently the resistance to abrasion of the
article is always increased if wide, thick runs w1th heavy electrodes
are put down from the start.

Finally, when making welds, special attention should be given
to the avoidance of Stresses and Distortions, in so far as this is possible.
In this respect, as has already been noticed, arc welding is intrinsi-
cally superior to gas welding, since the heating of the article lies
within much smaller limits. At the same time, even this small heat-
ing effect may be dangerous and lead to considerable stresses. As
a contrast to gas welding, however, arc welding provides a very
effective means of keeping the stresses within permissible limits.*
Whereas in gas welding the weld groove must generally be welded
continuously from one end to the other, in arc welding step welding
may be done, that is, the weld may be interrupted before the heating
and the elongation of the plate becomes:too great, and the weld may
bc started at another place. If one wished to employ the same process

L . Lotemnim “ Notes on Contractions, Stresses and Distortions in Arc ’Weld-
mg s Bl u:hmﬁrung ‘Vol S{xm),p 184,
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with gas welding, the space where the welding was interrupted

would be subjected twice to a large heating effect by the flame. In

this respect, it should be noticed that, always when a weld is started

in gas welding, as well as when a point is remelted, a large quantity

. of heat and time are required, and hence the
f danger of burning is increased.

l

Step welding may be done, for example, in
the way shown in fig. 119, in which the ends of
the seam are first tacked and then, starting from

al the middle, both sides are welded. Compres-
o e sion and tensile stresses result, which balance
\d one another and prevent greater stresses from

Figs. 110 and 120. De€INg set up, whereas in continuous welding in
;S:;l; by step  ope direction, tensile stresses alone occur, and
these may be very large.

Staggered and interrupted weldmg, as shown in fig. 120, gives
better results still. The first run is started at a, the rest at b, ¢ and d.
The alternating tensile and compressive stresses which are set up may
be kept so small by this means that a seam which is almost completely
free from stress may be made. Distortion of the plate, due to con-
traction of the molten filler material, may be met by giving a definite
angle of set to the seam in the two plates, which have to be joined

b before welding. In this way, distortion draws

the plates together in the same plane. With

} heavy cross sections it is advisable to use the

X-seam if distortion is feared, and in this way,

the distorting forces on each side equalize one

i another. During the second welding the un-

Fig. 121.~The avoidance favourable phenomena which accompany the
of distortion when weld-  fjrgt gre eliminated.

ing closed frames,

In gas welding, distortion caused by weld-
ing, due to elongations set up by the heat, may be frequently avoided
by heating the point directly opposite to the weld zone. The frame
which is shown in fig. 121 will serve as an example. During welding,
because of the elongation, in addition to the contraction during-cool-
ing, a bending moment will be set up in the upper corner, which
may result in a fracture. If the point b is so heated that the upper
side of the frame receives the same elongation as the lower pomt at
¢, this danger, which is due to welding, will be avoided. SR
~ Wherever welds are situated symmetrically, the ' same end may .

be achieved by welding the two mmultaneously DR i
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Further methods of guarding against stresses are those associated

with the avoidance of excessive heating, such as welding with inter-

. ruptions, the procedure being to cease welding as soon as the material
adjacent to the weld zone exceeds hand heat or by welding with
cooling water or with cooling metals.

The examples which have been given do not exhaust all cases.
They may, however, show how, by consideration of the way in

. which the weld is to be made, the difficulties caused by heat effects
may often be eliminated, or at least modified.

Finally, contraction stresses which have been set up may be
diminished, to some extent, by hammering after welding at red
heat, by which means the point of contraction is elongated to some
extent. Hammering, however, is only to be recommended when
forgeable electrodes are used, and then there is an improvement ‘in
quality. In no case must hammering be done at blue heat, since
just the opposite of an improvement will take place, namely, a break-
ing up of the structure. When ordinary electrodes are used, hammer-
ing in general does not result in an improvement in quality, nor
does subsequent annealing. Pores may only be partially sealed.

The provision and supply of Welding Figs has led to considerable
simplifications and savings in workshops, and also in workshops
where work of the same kind or in large quantities has frequently
to be carried out. Suitable locating jigs, which make it possible
to position the parts which are to be welded, quickly and securely,
without first having to fit them carefully together, may be made
without - difficulty for various types of work. Rollers and turn-
‘tables further facilitate the handling of unwieldy members, which
have frequently to be turned or moved during manufacture if work
in the vertical or overhead position is to be avoided.

Attempts to simplify, speed-up, and to improve the work as
much as possible, as well as to limit the human element, have further
led to the construction of automatic welding machines. To-day,
in gas welding, they are primarily intended for longitudinal seams,
and offer a considerable number of advantages, especially in the
welding of flat plates, for example, casings.. In addition, there

 are also longitudinal welding machines for special purposes as, for
example, for the welding of cylindrical vessels such as drums, &e.
There are other machines for flanged seams, tube welding, circum-
: ferentlal seam weldmg, and for the welding on of end covers, &c.*

% Berthold, “ Rooent Types of Autaogemus Welding ‘Machines ¥, Technisches
mematt. Vol. 39 (x929), p: 58,

!
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For thicker plates, which can only be welded when the burner de-
scribes an oscillating motion during its travel, as in hand welding,
machines have been built with this to-and-fro motion of the torch.
As these torches are subjected to heavy loads they are, as a rule,
water cooled.

In arc welding also, the construction of Automatic Welding
Machines has been taken up. In this field, there are types which work
with the simple metallic arc as well as those which employ the
carbon arc. The former appeared first on the market. They serve
the purpose of welding worn tyres and guide blocks. There are also
machines built for repair work as well as for junction welding. In
this field we have the mass production of back axle casings, pipes,
and other similar articles of the same shape.

With these machines the quality of the product is dependent,
to a high degree, on the property of the wire. The feed is controlled
by the conditions obtaining in the arc. If the arc is too long, the
feed is speeded up by means of a suitable device, and conversely
if the arc is too short it is speeded down or temporarily stopped.
Consequently, the wire must have absolutely constant properties.
Wire which is too soft bends easily and jams. Wire which is too
hard locks during feeding. In both cases there are faulty spots whxch
must be repaired by hand.

Recently the development of automatic electric welding machlnes
has appeared to be more in the direction of the construction of
machines with a carbon arc, with which very much higher welding
speeds may be obtained. They are primarily suitable for seams
which may be welded without filler material, as well as for the
welding of thin plates on mass-production work. Welding machines
which have such a high output as these are assured of a considerable
future for various purposes, such as the manufacture of new sections
for steel construction and bridges provided they are constructed
with an automatic feed for the wire, since the. rolled sections which
are available cannot in most cases be economically machined down.

After having discussed, .in the prevmus pages, the general prin-
dples relanng to fusion welding, in respect of the various metals,
~ the choige of the process, as well as the preparation and the making
of the weld, points which should be observed because of the special.
properties of ,various metals will be discussed in greater detail in
_ the followmg pages. ) :

\
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The Welding of Steel

The most important alloying constituent of iron is carbon.
Even small modifications in its content cause a considerable varia-
tion in its behaviour. Iron, with a carbon content of -05 to 17 per
cent is called steel, iron with a carbon content of about 2 to 5 per
cent cast iron. During heating, steel goes from the solid then into
the plastic, and finally into the molten condition. Cast iron, which
is rich in carbon, passes immediately into the molten state. Low
carbon steel is soft and easily forged. With increasing carbon con-
tent, the strength of the steel increases, but it can only be welded
with difficulty. Consequently, it is absolutely necessary for the welder
to be acquainted with the behaviour of steel of various carbon
contents, at high temperatures. These properties are shown in the
Iron Carbon Diagram (fig. 122) which has been drawn up by the
Verein deutscher Eisenhiittenleute (The Association of German
Steel Manufacturers), and they will be briefly discussed.

In fig. 122 the carbon content or iron carbide is plotted on the
horizontal axis (abscissa) and the temperature on the vertical axis
(ordinate). Depending on the composition, the melting-point of
the iron passes from the point F, 2795° F. (1535° C.), which is the
freezing-point of chemically pure iron, to the line F, G, E, H, the
so-called liquid line, whereas the line F, D, E, K, shows the upper
limit for solid iron at the change point of solid iron into the plastic
state. It has been shown that the duration of the plastic state
decreases with increasing carbon content until at point E with 4-29 °
per cent carbon, the change into the plastic state coincides with
the molten state, that is to say, the iron passes instantaneously
into the fluid state.

In addition, the points 2555° F. (1405° C.), A 1660° F. (900°C.),
1410° F. (768° C.), and 1283° F. (695° C.), at which a change
in the crystal structure of pure iron takes place, on heating, are
worthy of note. The so-called a modification, which lies between
768° C. and 695° C., and the y modification between 1405° C. and
900° C., are especially important. In y iron mixed crystals of pure
iron (Femte) and iron carbide (Fe,C) have formed, whereas in
a iron, ferrite and iron carbide may separate out independently.
The ‘most important point is that only, a iron possesses magnetic
" properties, whereas in 8 iron, which lies between the modifications
" already mentioned, the magnetmm has dlsappeared 3 xron is of
- Tio, ynctmal unpomnce

4R OTA) ‘ L e . B
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Point D in fig. 122, which separates steel from cast iron, is of
considerable importance. It indicates the maximum content of
iron carbide which can be taken up from the mixed crystals in the
heated state. With higher carbon contents, the residue which has
been saturated with carbon will always solidify with a content of
43 per cent carbon.

In addition, for all bodies there is an optimum state of solution,
provided that they are soluble in one another. When this is reached
one gets the eutechtic alloy which occurs at the same place on the
figure as the minimum melting- or freezing-point. In liquid solu-

tion, at the point E, it is
H  termed the Eutectic, in

solid solution at the point
ssslFseg . C, the Eutectoid. Iron in
e} - Iiguid ementite this state is termed eu-
Iquid tectoid. With decreasing
carbon content there is
e ¥ an excess of Ferrite, with
| Increasing carbon content
N austenie + cementite an excess of cementite.
i\ 8 ‘ “  'The iron, in the first case,
o+ aust .
e | is termed the sub-eutec-
e | peartite + cementite toid, in the latter, the
750 super- or hyper-eutectoid.
For the welding of steel
. the following is important.
- By suitably rapid cooling, or by satisfactory alloying with mafiganese or
chromium, one may ensure that the heated steel which has gone over
to the v modification retains its structure after cooling even at room
temperature, by which ductility and ease of working are gained. At
the same time, this condition manifests itself by the inability of the
steel to be magnetized. Such steels are called Austenitic steels.
They are easily welded. By réducing the velocity of cooling of a
steel, which has been heated above the critical point, a new structure
is obtained called Martensite. This is extraordinarily brittle, and is
' prone toracture during welding. Due to the rapid cooling, the
possibility of the steel decomposing into its original structure of
Ferrite and Pearlite, or Pearlite and Cementite, is partxally prevented
The structure had a needle-like appearance.
"~ 'These processes have acquired considerable unportance in wdd- :
ing technology, since, a8 has ah'eady been stated, alioymg with mqkel

a Lo

oustenite

Ifquid

austenite

t¥ 3 ° §

LN
Percentage of COrbon ———w
Fig. 122
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manganese, chromium and tungsten, where the nickel and man-
ganese behave as alloying constituents like carbon, chromium and
tungsten, greatly assists the translation of the pearlitic steel into
Martensite and Austenite.* By means of these alloys, the strength
of the steel is considerably increased on the one hand, and on the
other, the production of stainless steels is dependent upon them.
The latter are used almost exclusively in the chemical industry, and
the former to an increasing extent in the structure of steel framed
buildings and bridges. 'The welding engineer is considerably
interested in the weldability of these steels.. There is again the
requirement that, as far as possible, austenitic steels must be used.
For martensitic steels as, for example, stainless chromium steel,
fusion-gas welding is to be preferred since, with this process, cooling
is delayed. For austenitic steels, electric welding may be satisfac-
torily used, since the ductility is retaihed on cooling. It should be
noted, however, that with these steels, hard spots occur during the
critical range at a critical temperature of 1100 to 1300° F. (600 to
700° C.). These may be removed by heating to a high temperature,
and cooling quickly or slowly depending on the alloy.

The conditions during welding are complicated by the presence
of other alloying constituents among which must be reckoned
manganese, silicon, sulphur, and phosphorus. One speaks of
binary, ternary, quaternary and complex alloys. In addition, nickel,
chromium, vanadium, tungsten, molybdenum, &c., are frequently
added to steel, either individually or severally, in order to improve
its properties. In this way, the strength is influenced very favour-
ably. Moreover, by the addition of such alloying constituents,
the weldability is, to a certain extent, guaranteed. We must not
omit ' to mention tin, aluminium, arsenic and titanium, which,
above a definite content, considerably reduce the weldability of
steel. Sulphur ‘and phosphorus must be counted among the
undesirable constituents of iron. Individually they should not
exceed ‘04 per cent, and together not more than -06 per cent.
Between the usual limits, the weldability is not adversely affected by -
phosphorus, but there is the possibility of cold shortness. It is
occasionally added to cast iron to produce a free flowing iron. . In
this respect, sulphur works in the opposite direction. It is very
dangerous where stresses occur. It also produces red shortness,
and in the red heat favours the absorption of oxygen. The absorption

" Rupatz, “The Welding of Alloy Steels 7, Technisches Zentralblatt, Vol. 39
,(xou)r p 4300
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of gases is undesirable in all cases where good quality welding
is desired. Consequently, the effect of oxygen and hydrogen must
be avoided as far as possible, since they are responsible for brittle-
ness and a tendency to fracture. Too high a concentration of oxygen
can .even lead to fatigue fractures, whereas too high a content of
hydrogen results in corrosion brittleness, and this should be borne
in mind. The absorption of nitrogen leads to a porous structure.
Segregations, slag inclusions, and cavities are signs of weakness in
iron, and should therefore be avoided. Overheating and burning,
as well as fatiguing, also affects the properties of the material
adversely. Stresses and fatigue effects may be restricted by
annealing.

Along with references to the properties of the steel which has
to be welded and the correct choice of the welding process, which
has already been indicated, the use of a suitable Filler Material is
of primary importance. Only then is it possible to obtain an intimate
union between the filler material and the article, and ensure that the
structure of the weld, in respect of its technical properties and
chemical composition is, as far as possible, similar to the structure
of the base material. In this respect, the conditions obtaining in
electric welding, due to the processes in the arc, are very much more
difficult than those in fusion-gas welding. Because the importance
of a suitable filler material was not originally recognized in welding
engineering, and as, initially, attempts were made to weld with all
types of wires, such as mattress and fencing wire, an explanation
of these early mistakes is apparent, especially in the field of electric
welding. Even up to a few years ago, the view was held that the
chemical composmon (analysis) of the wire was all-important, and
that the same wires could be used for both gas welding and electric
welding, with equal success. Moreover, opinion was sharply divided
as to whether electric welding was more satisfactory with bare or
covered wires. To-day this attitude has completely changed and
has resulted in a considerable improvement in filler materials,
a process which does not appear as if it would be concluded for
some time. The attempt to weld high alloy steels has contributed
not the least to a large number of filler rods which are specially
and accurately prepared to suit the original material, depending on
the type of the process and the kind of material which hds to be
. welded. Because of the wide' variations which occur in the high

alloy stecls, definite specifications for the composition of suitable =
-~ filler wires cannot be given. The mmufacturers of the meh thare«-if
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fore, always offer suitable and tested filler wires for their various
types of steels. _

The purchaser of welding wire is advised on acceptance of the
wire to convince himself of its quality and usability. For this pur-
pose an investigation and practical test of the steel by means of a
welding test are advisable. The wire should then be judged on its
external appearance.

Externally the wire must be free from scale, oil and rust. In
order to protect it from rusting during storage it may be coppered.
In addition to having a smooth, flawless surface, the wire should
have a round regular section. Annealed or unannealed wires are
absolutely identical, for hand welding, if they have the same chemical
composition. For automatic welding, annealed wire is unsuitable
because it easily jams during feeding. Nevertheless the gas welder
prefers to use a good flexible wire, that is an annealed wire, whereas
the electric welder prefers an unannealed wire which can be broken.
The so-called wood charcoal welding wire is of no special impor-
tance, as this usually is only an ordinary wire which has been
annealed in wood charcoal.

The wire should then be tested with reference to its chemical
composition. This depends on the welding process and on the pur-
pose for which it is to be used. As has been previously mentioned,
the same wires cannot be used for fusion gas welding as for electric
welding. Moreover, in many cases, an inexpensive wire is suitable,
whereas for quality welding on highly stressed members severer
requirements must be imposed on the wire. In certain circumstances,
especially where alternating stresses are to be expected, wires must
be used which give a forgeable weld. In addition the chemical
composition must be different for built up welds, and for welds which
are required to give varying hardnesses of the built-up layer on
materials which are low or high in carbon.

~ Bearing these points in mind, the following figures may be
recommended for the chemical composition of bare wire.

For a wire which gives a soft weld with gas welding, and has
a tensile strength of about 8o per cent of the base material, we have
€ up to 012 per cent, Mn 0'3-0:6 per cent, Si 0:08-0'25 per cent,
P and S each not greater than 0-03 per cent. Greater hardness and
a tensile strength of 100 per cent of the base material may be ex-

. pected from a wire with C o'15-0-25 per cent, Mn 0-6-1-0 per cent,
Si about o-25 per cent, P and S as before. ‘
- ... For arc welding, the values are as follows: C up to 0'12 per cent,
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Mn o-3 to 0-6 per cent, Si o'1 per cent, and for high quality wire,
C up to o-12 per cent, Mn o5 per cent, Si o'1 per cent, and in both
cases P and S o-03 per cent. maximum.

For building-up welding, using fusion-gas welding and a mild
wire, the same wire is used as for simple junction welding. For a
harder surface a wire with C o5 to 07 per cent, Mn o5 to 0-8 per
cent, Si up to o015 per cent is used, whereas for arc welding a wire
is used similar to the high quality wire for junction arc welding.
For soft welds, a wire similar to the high grade wire for fusion gas
welding is employed. For harder welds, and especially hard welds
to resist abrasion, a wire with C o0-g to 11 per cent, Mn o'15 to o'5
per cent, Si up to o'25 per cent is recommended.

It is important that the silicon content should not be exceeded,
since protection is thereby afforded to the purchaser that basic
steel, which is usually very irregular in composition, is not used for
the manufacture of the wire, but that the wire is made from good
~ Siemens-Martin or steel from the electric furnace.

If the wire is satisfactory in respect of chemical composition, a
weld test should be carried out, in addition to the above analysis.
In point of fact, it frequently happens in welding that wires which
have an absolutely similar chemical composition behave very dif-
ferently. In this test the flow and the loss due to burning should be
ascertained. The filler material should flow easily and regularly and
should only splutter slightly. In gas welding it should only froth
to a small extent and form little slag.- Filler materials for overhead
and vertical welding should possess an adequate ““ climbing ability ”.
In order to test this “ climbing ability ” the wire should be melted
down on a vertical surface from bottom to top, and this is best done
by describing a circle of at least 2} in. diameter.

In general it may be noted that a wire which contains gas in-
clusions is no use for electric welding because it gives rise to high’
spluttering losses, whereas it may quxte well be used for fusion gas
welding. Conversely, a wire which gives rise to an increase in slag
is unsuitable for fusion gas welding, whereas in certain circum-
stances it may even be desirable in electric welding.

In addition, a mechanical test of quality of the welded spec;;nen
is advisable. The tensile strength of the weld seam is determined in
the usual way by means of a tensile test, its elongation by a bend
test, more details of which will be discussed in a later section. In
order to test the forgeability, the specimen should be forged down
from the middle outwards at a forging temperature not less than .
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1700° F. (930° C.), to half the thickness of the specimen, so that
the weld seam lies approximately in the middle of the length of the
test piece. The forged down portion of the specimen should then
be capable of being twisted at a forging temperature of 680° F.
(360° C.) without showing fracture.

Since wires of absolutely similar chemical composition frequently
behave differently during welding tests, this may easily be due to the
condition of the surface and the process of manufacture of the wire.
In wires which have to be used in arc welding we certainly have to
deal with the presence of traces of elements in the steel which cannot
be determined by analysis, but which exercise a definite effect on
its behaviour. We have already discussed these in the section on
“The Arc ”. In addition to the theoretical analysis which was dis-
cussed, practical experience supports this view.

Based on the fact that wrought iron, which was previously used,
but to-day has been abandoned because of its irregular properties,
had excellent weldability, the firm, Bohler, has come to the con-
clusion that the weldability of steel may be considerably affected by
the presence of non-metallic constituents as they occur in wrought
iron.* Consequently they have put a wire on the market in which
the non-metallic constituents of this kind are distributed regularly
and in tested amounts in the middle of the wire. The wire is known
under the name of “ Seelendraht ” (Core wire).

Very high quality welds, which have a high ductility and forge-
ability, may be made with this wire. It is unsuitable for gas welding.
The same success may be achieved when these non-metallic con-
stituents, which fuse and vaporize in the arc and spread over the
article to some extent, are supplied in the form of a covering for the
wire. The use of covered electrodes in electric welding, in the place
of the bare electrodes, which have previously been discussed, has

.been known for some time, but initially a different object was aimed at.

One differentiates between lightly-covered or dipped, and heavy-
covered or wrapped (coated) electrodes. The manufacture of dxpped
electrodes is carried out by brushmg the wire or dipping it in a

- material of a definite composition which is mixed to a paste with a
* binding material such as waterglass, &c. The composition of these
pastes is always treated as a manufacturing secret.- As a rule, the
_ coverings principally contain alkaline silicates and ferro-silicon and
'subsmnces containing borax. Recenr.ly they have been enriched with

" @ Rapatz, “ Metallurgical Observations on Fusion Welding ™, Stahl und B,
*;Vol sx (x93ﬂ, p-245. .
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various alloying particles which are stated to be transferred to the
" weld.

Heavy covered electrodes either have a wrapping of blue asbestos
rope about % in. thick, under which is placed an aluminium wire
(electrodes of the Quasi-arc Co.) or a wrapping of white asbestos or
dipped string to which alloy constituents are added (electrodes of
the Murex Welding Processes, Ltd.).

At the present time there are considerable differences of opinion
concerning the suitability of covered electrodes. Whereas England,
Switzerland, Belgium, Holland, and Australia have gone over almost
entirely to the use of covered electrodes, in Germany and America
bare electrodes are usually preferred, and covered electrodes are only
used in individual or special cases. Consequently, the advantages
and disadvantages of covered electrodes will be discussed more
closely.

It must definitely be agreed that the covering, which is vaporized
in the arc and then forms a mantle of gas around it, offers the
following advantages:

1. The arc is easier to maintain. Welding with the unstable
alternating current arc is practicably only possible with the use of
covered electrodes.

2. To some extent, the covering prevents the ingress of oxygen
and nitrogen from the air to the finely divided filler material, which
is being transferred in the arc.

3. The covering forms a slag on the weld which protects the
bath from the effects of gas from the air.

4. Heat is required for vaporizing the covering, and this heat is
removed from the electrode during the melting of the filler material.
The fusion process is therefore delayed, and time is gained for fusing
the base material. To what degree this is the case with light and heavy
covered electrodes is shown by the oscillograms taken by Bung,
which have already been shown in figs. 37 to 39.*

5. Cooling is delayed because of the slag covering the molten
zone. The result is a finer structure of the weld zone with covered
electrodes as compared with bare electrodes, and consequently a
‘higher ductility of the weld. At the same time greater stresses are
-set up. , o : '

6. It has been shown that by the addition of definite alloying
constituents, chiefly manganese, nickel, &c., the weld may be
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enriched with these and hence improved. Consequently suitable
electrodes may be made for various purposes.

At the same time, the heavy slag formation is to be offset against
this advantage of covered electrodes, and with heavy covered elec-
trodes this slag formation is very great. The welder has to have
special skill in order to follow the fusion process closely, since his
observation is considerably impaired by the slag, and furthermore’
he has continually to drive out the accumulating slag. Consequently,
very light runs must be put down.

Numerous runs, however, result in greater contraction stresses,
and these are intensified because covered electrodes result in greater
heating of the weld seam and the adjacent material than bare
electrodes. From photographed osc1llograms it has been satisfac-
factorily established that the covering causes a retardation of the
speed of fusion of the electrode. Whereas with this electrode only
three transfers of drops in half a second were registered, thirteen
transfers were counted with bare electrodes during the same period
of time. The drops with the covered electrode were 3—4 times
as big as those with the bare electrode. The transfer of drops in
itself only occupies a very small proportion of the total time of the
welding process. The ratio between the drop transfer and the pre-
heating period which lies between two transfers, amounts with
covered electrodes, to about 1 : 11-5. With bare electrodes, however,
it amounts to only 1 :2+4, so that without further comment the
more intense heating of the article may be explained.

In addition, recent experiments in the Technical Welding Research
Laboratory have shown that it was not possible for our welders,
who had been trained on bare electrodes, to control the slag even
when depositing a single run, if the plates had to be welded in an
absolutely horizontal position. It was only when a definite slope
was given to the plates, so that the slag could flow downwards, that
good results were obtained. Consequently, there is no difficulty in
welding vertical seams with covered electrodes, but, on the other
‘hand, there is considerable difficulty in'making the horizontal seams
overhead. For this purpose, a weld angle of at least 120° must be
chosen, so as to make it possible to drive out the slag at the sides, °
and this is neither an advantage for the quality nor for the cost of
‘the work. On the other thand, the welders could make overhead
welds with bare electrodes much mozre easily. It is true that they

~did not attain the-quality of horizontal or vertical seams, but at the
f,mnz mm:, they were aiways better than welds with covered elec-
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trodes. Special mention is made of this matter, because previously
it has always been considered that overhead welding could only be
carried out with covered electrodes.

It must be admitted, however, that welders who have been
specially trained on covered electrodes would get better results
* with them than our average welders who have been trained princi-
pally on bare electrodes.

If it is further borne in mind that covered electrodes are as much
as twice to ten times as expensive as bare electrodes, depending on
the process of manufacture, so that the excess cost cannot be balanced,
and further, that higher welding speeds cannot be obtained, especially
when welding with numerous runs where the cleaning of the lower
run occupies a considerable amount of time, it is questionable
whether their advantages are so great as to justify their use. It
should be mentioned that it is possible for a skilled welder, even
with bare electrodes, by holding a short arc, to keep absorption of
oxygen and nitrogen from the air within moderate harmless limits,
and that to-day there are bare electrodes which make it possible
to produce welds having high ductility and forgeability.

Consequently in the writer’s opinion the necessity of using
covered wires did not exist so long as we were dealing with the
manufacture of articles which were only subjected to normal tensile,
compressive or bending stresses. To-day, where welding has been
applied to constructions which are subjected to alternating or impact
stresses or where the phenomenon of fatigue is encountered, con-
ditions are different, and consequently a high notch impact value of
the weld seam is necessary. This cannot be obtained either with
bare electrodes or with lightly covered ones. As a rule it seldom
reaches a value greater than 10 per cent of the original steel, and is
therefore so small that it can be neglected in calculations. Success
cannot be achieved by subsequent treatment by annealing; on
the contrary by this method the notch impact strength of the weld
is often reduced still further. Consequently one had to be satisfied
with this as long as there was no suitable electrode which fulfilled the
final requirements for the quality of a weld, namely, a high notch
impact Value.

Success has been achieved in this direction for some time with
heavy coated or wrapped electrodes of which the Quasi-arc electrode
may be mentioned as an example. They are not only expensive.to
buy, as was previously pointed out, but they are expensive to put
down since, because of the danger of slag, they necessitate. the
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putting down of very thin runs and require very careful work,
Quite recently, however, a new covered electrode has been put on
the market in Germany by the firm Pintsch which leads one to
expect that there will be a complete change in high-grade welding
such as boiler welding and the welding of bridges and building con-
structions.* The most careful determination of the metallurgical
properties of the filler material and the covering, on the one hand,
and the base material, on the other hand, was made. In addition,
subsequent heat treatment, which was previously unknown, was
carried out on the welding wire after the rolling process. By this
means, success has been achieved in the manufacture of an electrode
which gives welds which can no longer be distinguished metallurgi-
cally from the parent metal, as is amply proved by photographs of
etched sections. At the same time, the weld has the same ductility
and strength as the parent metal and possesses a notch impact value
(Charpy) of 560 ft. Ib./in.? in the unannealed, and about 845 ft. 1b./in.2
in the annealed condition. Moreover, special skill on the part of
the welder is not necessary, and hence a totally unexpected advance
would appear to have been made in the development of the electrode,
a development which has not yet been concluded. The goal of this
development corresponds to the ability to make a completely homo-
geneous weld. The final goal will only have been reached when
perfect welds can be made with electrodes of this type in any posi-
tion, both vertically as well as overhead, and this is not the case
to-day, since previous tests were only successful in the welding of
horizontal or slightly inclined seams.

In addition, it should be mentioned that with direct current
welding, it is by no means unimportant whether the electrode is
connected to the positive or the negative pole of the welding current
circuit. When welding with steel of low carbon content, it has
proved satisfactory to connect the electrode to the negative pole.
Because of the temperature difference between the positive and
negative pole, better fusion of the base metal and consequently
improved penetration are obtained. The same is true with wire.
having non-metallic inclusions for which gentle fusion and pene-
tration of the negative pole are necessary, whereas in weldmg with
the positive pole, they exert a harmful effect.

When steel has a higher content, whether of carbon or of metallic
alluymg additions, the conditions are changed. The wire burns

'Zutschm‘t des Vemnet deutschar Ingemeure, Vol. 76 (193:), No zx,
P- 497 !
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irregularly and the penetration is less if the electrode is connected
to the negative pole. On the other hand, the fusion of bare wire with
a high carbon content or a high alloy steel is relatively quiet at
the positive pole. The penetration, however, is never so great as
negative pole welding with low carbon steel. It is, however, of no
great importance, since steels with a higher carbon content are
always exclusively used for building-up welding, in which good
penetration is not so necessary as in junction welding.

With covered wire, the conditions are similar. Wire with a
light covering may generally be welded better at the negative pole,
wire with a heavy covering must be connected to the positive pole,
in order to obtain good penetration. The cause of this phenomenon
has only partially been explained.

The Welding of Cast Iron, Cast Steel and Malleable Cast Iron

General.—Cast iron welding is usually limited to repair work.
It is used for the repair of broken or fractured castings as well as for
the filling up of faulty spots or of worn objects, and for the elimina-
tion of faults in the appearance of an article.

As has already been mentioned, cast iron is an iron rich in carbon,
which, during heating, passes over from the solid state immediately
into the liquid state. Therefore it can only be welded by fusion
welding processes. The carbon, however, in grey cast iron is not
chemically combined, as in steel, but partially separated as pure
free graphite. The softness of cast iron and its capacity_for being
worked depend on this separation of the graphite, as cast iron, in
itself, is brittle and hard. The separation of graphite is aided by the
silicon content of the iron, but at the same time to a large extent
by the slow cooling of the molten iron. A high graphite and silicon
content is therefore a condition for the softness of cast iron.

These two valuable constituents disappear during welding, by
combustion both in the welding flame and more so in the arc. In
addition, unless special precautions are taken, the weld solidifies .
much more quickly than molten iron does during the casting of cast
iron arti€les. Consequently, in the welding of cast iron, it is easy
to get very hard weld spots which cannot be worked with any turning
tool and which render a weld, which is otherwise satisfactory, unfit
for service. The means of preventing this lie in the use of a material
‘with a high carbon content and a hlgh silicon content, and in the
slow cooling of the welded article in sand or ashes ‘In addxt;cn,
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welding fluxes are of advantage. Frequently a second torch is used
for heating purposes.

If additional stresses are set up, due to excessive heating during
welding and consequent rapid cooling, in a casting which has already
been subjected to stress as a rule during its manufacture, these lead
to cracks and fractures which in certain circumstances are worse
than those which have to be repaired. A method of preventing
additional stresses lies in heat treatment. It consists in heating up
the article slowly to red heat before welding, welding in this con-
dition, and taking precautions to ensure slow cooling. A further
difficulty in welding is excessive shrinkage. If heating is employed,
the process is termed “ Hot Welding ”’, otherwise it is called *“ Cold
Welding ”'. :

With both processes, gas welding as well as arc welding may be
used.

The Cold Welding of Cast Iron.—Since, during weldmg, the gas
flame exercises a very great heating effect on the work in the neigh- .
bourhood of the weld zone, Gas Welding is seldom suitable for the
cold welding of castings, and is in no case suitable for the welding
of highly stressed articles. It should be mentioned that, due to the
low heat conductivity of the graphite which is present in the cast
iron, the weld easily becomes porous and blistered. In addition,
the absorption of oxygen and nitrogen from the air and from the
flame leads to the formation of small gas bubbles in the weld. Good
fusion and intimate puddling in the fused bath is necessary in order
to drive out these gas bubbles and avoid pores.

Even if the welding of cast iron with the welding torch is not
easy for these reasons, the difficulties are increased by rapid cooling
after welding as this results in hard spots, especially at the transition
zone between the weld and the base material, due to the prevention
of the formation of sufficient graphite. It is therefore advisable,
after welding, to allow the flame to play on the weld zone for a
few seconds and to remove the torch by degrees in order to delay
. cooling.

In this process, the welding equipment 'is the same as that in
the gas weldmg of steel. Cast iron, however, is used as a filler material.
Since cast iron, unlike wrought iron, does not pass temporarily into
the plastic state during heating, but suddenly becomes fluid, it
follows that castings can only be welded by this process in the hori- .
zontal position, since otherwise the molten iron flows away. . This
/faemnisomakeswwkmorcd:ﬂimﬂt, smce the parts mustbe dis-
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mantled and frequently turned if the damage cannot be repaired
from one side.

All this goes to show that, from technical and economical reasons,
cold welding with the gas flame is only advisable for such fractured,
cracked, or porous castings, which because of their shape are free
to expand during welding in all directions. Such castings are usually
those like levers, bearing housings, as well as pulley wheels and
pinions of small size. Such articles, as a rule, do not require any
special preparation apart from metallic cleaning. At the most, if
a deep fracture is present, it is only necessary that the weld zone
should be cut out and enlarged, as in the welding of steel, so as to
make it possible to build up the weld from the root. The welding
process is carried out in such a way that the weld zone is well fused
and the filler material is added to the molten bath, which is formed,
during which time a brisk stirring should take place. A point of
difference from the welding of steel is that, during the gas welding
of cast iron, a welding flux must be used in order to produce a low
melting slag which combines with oxygen and this should rise to
the surface of the molten bath and should be removed. In this way,
the melting-point of the oxide is simultaneously reduced and the
weld is covered by a protective skin. The welding flux is added to
the weld by dipping the end of the hot rod into it, or on large welds
by scattering it lightly over the weld.

Electric Cold Welding has acquired a sound position in cast iron
welding due largely to the fact that it is the easiest and cheapest
method for repairing castings. At the same time the valpe of this
welding process is small.

As in the welding of steel, one usually welds with Slavianoff’s
process, using steel electrodes. Covered electrodes are to be pre-
ferred. The diameter of the electrode and the current strength are
fixed according to the size of the casting. With direct current, the
positive pole is connected to the electrode, as this is more difficult
to melt than the casting. It is 1rnposszble to use cast iron as a filler
material in this process, since the cast iron rod flows in large drops
before ‘the article has been melted, so that fusion with the latter
is impossible.

Welding with a steel electrode gives a considerable advantage to
electric cold weldmg over the other processes for welding cast iron,.

. since, provided that the faulty place is accessible, it is possible to
weld the parts, which have to be repaired, in situ without dismantling
the machine, &c., and this can be done in.any position either verti~
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cally or overhead. On the other hand there is, however, the great
drawback that in the welding of steel and cast iron, an intimate joint
can never be obtained, and consequently there are frequently badly
joined spots. In addition, the transition zone between the weld
and the article is usually ‘hard, since solidification of the weld takes
place too quickly and in electric cold welding there are no methods
of delaying the solidification process. Moreover in this process
so-called hard white pig iron is formed, due usually to the insuffi-
cient separation of graphite and, because of the use of steel electrodes,
steel of excessive hardness is also present. These disadvantages may
be clearly seen in the etched photographs in fig. 123. This process
is therefore unsuitable for articles which
have to be tight or which are highly
stressed. It is also unsuitable for articles
which have to be machined over the
weld, and especially so if the weld is
situated on a surface which is subjected
to heavy wear through friction during
service, as is the case, for example, on
the inner wall of a cylinder. The surface

will be irregularly worn, so that the weld & }23.-Micro-photograph of an
will soon stand proud and cause fracture

of the piston. Moreover such articles cannot be subjected to
changes in temperature on account of unequal expansion.

As in the welding of steel, the casting is so prepared that a V-
shaped groove is formed by cutting out the fracture or by bevelling
the edges of the broken article. It is inadvisable simply to fill this
groove completely with filler material along its length. A weld joint
of this type would have an extraordinarily short life. Even with small
stresses the weld will come away from the article, and in certain cir-
cumstances a blow from a hammer or a chisel is sufficient. One is
therefore compelled to adopt a rather troublesome precaution, which
takes a considerable time, in order Yo increase the life. This consists
of inserting plugs or studs in the edges of the fracture opposite one
another. These are welded in and usually form the only junction
between the weld and the article. When these steps are taken, the
section of the article should not be weakened too much, but the thick-
ness must be the governing factor, Figs. 124-127 give an example
of the arrangement of studs used with a heavy and with a light
section.-,The broken pieces shown in ﬁg. 128, from an article welded

/ m thu way, shmv that even this. pmauuon does not smsxbly increase
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the life of -a welded joint. The object in view will certainly not be
attained if, during welding, the thin ends of the studs, which
project into grooves, are completely melted down, as frequently
occurs with unskilled welders.

The welding process is similar to that in the welding of steel.
The filler material is put down in runs; before a run of welding is
put down, the surface which is being built up must be made metalli-
cally clean. In order to avoid casting stresses, welding should only
be carried out at one point for such a length of time that the article
near the weld zone is, at the most, so warm that one can put one’s
hand on it without being burnt. As soon as this temperature is
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Figs. 124-127.—Preparation of electric cast-iron cold welds .

4

exceeded the welding must be interrupted. It can be started again
immediately at another point, provided this is sufﬁcxently far away.
In spite of these drawbacks the cold Weldmg of cast iron is ex-
tensively used because it is quicker to do and is the least expensive.
Recently, in cold welding, good results have been obtained by
using Monel metal as a filler material. |

The Hot Weldmg of Cast Iron.—As was stated at the begmnmg,
the essential point about the hot welding of cast iron lies in the -
special héat treatment, before and after welding, of the casting which.
is .to be repaired. In gas welding, preheating usually takes plice
in a mould, annealing furnace or refractory furnace which for weld-
ing purposes is best heated by oil, gas or electricity. C ’
= Thearucleuweldedassoonasltmhntedumformlyto:edhm 3
"-In this condmon it.is' camplctely ime fromsu-ua, suwe aﬂ uﬂmg
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stresses which were present have been eliminated by equal ex-
pansion. In this state, the flame is unable to exercise any harmful
effect, since local heating is impossible. In general, for welding
purposes, the article has now to be taken out of the furnace and is
therefore subjected to a cooling effect. 'This must never go so far
as to cause the article to be endangered. In such circumstances, it
is advisable to interrupt the welding process and to reheat the article
in the furnace. In order to retard its cooling as much as possible and
to avoid frequent interruptions in the welding process for the purpose
of reheating, it is advisable, with large articles, to work with two
flames, one of which is used solely for the purpose of maintaining

Fig. 128.—Faulty welding of a cast-iron cold weld

the temperature.of the article. If the article is to be turned over it
is advisable, during an interruption, to play on it with the flame.
The welding process is otherwise similar to that in cold welding.
After welding, the article must not cool down in air. This would
certainly result in the introduction of new stresses and the formation
of new cracks. Hence it should be allowed to cool as slowly as
possible in the furnace. The slower the cooling, the more favourable
is the separation of graphite and the softer will the casting become.
In this way, the danger of new stresses being set up is eliminated.
The quality of the weld is improved by subsequently annealing the
article at red heat and this should be done directly after the welding
. process. - This-is definitely to be recommended, since in this way,
-all parts are once more uniformly heated and no fear need be enter-
~tained that certain parts which were more strongly heated chmng
. 3welﬁmg, will cause stresses to be set up.on a second cooling.
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Since cast iron may once more be used as a filler material, a
homogeneous welding is thereby obtained. The hot welding pro-
cess with the gas flame is therefore suitable for small objects of any
shape as well as for large ones, and for the purposes of welding
broken articles together, welding fractures, or repairing small flaws.
Large faulty places in which the fractured pieces do not fit together
for some reason or other, or cannot be welded together, are just as
difficult to repair by this hot welding process as by the cold welding
process.

The Electric Hot Weldmg Process.—This process differs essen-
tially from all the previous processes which have been discussed,
because of the mode of preparation. The parts of the article are not
fused by butting them together or by making a weld groove, but a
casting mould is built round the place to be welded, and this is
filled up by molten filler material. In other words, a mould is used
just as in a foundry, only this mould is built up from current con-
ducting materials so that the arc can be struck at any point in the
mould. This process, therefore, is a definite casting process.

Blocks of retort carbon (arc carbon, or retort coke) are used for
,the mould, and these may be obtained commercially in a variety of
sizes and shapes. Blocks which are prov1ded with a tongue and
groove, for example, facilitate the building up of the walls in moulds
of this type. The carbon blocks may easily be shaped with a file or
a grindstone, and made to any shape corresponding to the mould.
With care, they may be used over and over again. They are locked
together by means of bolts or wire. With large articles, in order to
make the mould rigid, a plate like a mouldmg box, which can be
fastened to the article in any way desired, is put round, and then
moulding sand is pressed down behind the mould. Small shapes
may be directly moulded in sand. It is then unnecessary to ﬁt a
moulding box.

Accurate instructions as to how the mouldmg should be carried
out in individual cases cannot be given, since there is such a variety
of articles and ways in which they may be damaged, that 4 decision
can only be made in each individual case. Only after considerable
experience can the most satisfactory method be adopted and good
results obtained. In the following remarks, some rules relating
to definite examples can be recommended, and these should always '
be observed: L

“The most zmportant pmnt is to prepare the weld 80. that ‘one: can

‘get: nght down to the battom with the weldxng rod wrthout dlﬁ“
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culty.. In doing this, it should be noted that the welding rod which
is guided into the mould may make it possible for the arc to jump
to the edges of the fracture and to the;conducting walls of the mould,
and hence it should not be allowed to approach them too closely,
as otherwise the welding rod will stick and cause interruptions in
the work. If the fracture is not wide enough, it should be widened
by chipping out or preferably by drilling out before moulding in
such a way that it widens out upwards. In this way the offtake of
gases which are formed in the molten bath during welding, just as
in casting, is facilitated. Lack of observation of these rules during
preparation results not . . : :

only in the formation of o
numerous pores and
blisters, but also in the
formation of channels
which run vertically,
and consequently make
the weld porous and
unfit for service.

It should further be
noted that a movement
of the article during
welding is impossible,
since the mould contains
molten iron which must
solidify by slow cooling
on completion of the Fig. 129.—Fractured lo:::j;):'i;eg cylinder drilled out for
welding process before
the casting may be moved. . If the fractures extend to various sides of
the article, an attempt must be made to enclose them from one point
with a single mould. It is usually cheaper to drill out large portions
for this purpose and replace them by filler material, than to make
several moulds one after another. ‘Moreover, this is not always
‘possible, and a second and even a third repair has to be taken into
account, and this considerably delays the completion of the work,
at least with large articles. An example of how repeated moulding
can be avoided is shown in fig. 129. In the locomotive gylinder
shown here, a crack had to be welded and a portion of the flange
replaced.  The crack is not welded from the side, a method which
would certainly save in filler material, but from above, in such a
way a8 to widen the crack in the way indicated. In this way, the
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faulty place in the flange and the crack may be covered by one
mould and welded at the same time.

If the fractured place extends for a considerable distance inwards,
so that there is a fused bath of considerable area in the mould, it is
impossible, even with the use of heavy currents and large electrodes,
to maintain this permanently molten by means of the arc, which
only acts on a small point. It is absolutely necessary for the
success of the weld to maintain this bath molten. By arranging
the moulding blocks in the way which is indicated in fig. 130
for a locomotive cylinder, the flange of which was broken off
' for a considerable width, a
number of spaces is produced,
of which one in every two is
© first filled with sand. The open
* spaces are now filled up in turn
with filler material; then the
intermediate walls and the sand
in the remaining ones are care-
fully removed and the inter-
mediate spaces which are formed
are then welded. In this way,
the worst possible damage may
be repaired and faulty places of
considerable size may be filled
up with material. During the

Fig. 130.—Locomotive cylinder moulded for rep air Of a large pump .cylinfier

““ compartment ** hot welding belonging to a hydraulic station
which was carried out in the
repair works of the State Railways in Wittenberge as early as 1917,
about 430 Ib. of filler material were melted down into the faulty place.
How far one may go is entirely a question of the cost or the urgency of.
the repair. If the fractured parts are very bad they will, of course, not
be replaced by new material, but welded together in a suitable way.
In these circumstances, however, they should not be put together
so that the fracture only has to be welded, but the broken pieces
should be so arranged that large gaps are left. Fig, 131 shows the
~main bearing of a turntable which has been welded in this way.
Whether the broken pieces are to be replaced or used again can of
“course only be decided from job to job. In by far the majority of
cases, however, it will so happen that a good result can be more
quickly and cheaply obtained by filling up a large faulty place with.
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new fused material, than by fitting the broken parts together again,
since as a rule this results in difficult shapes and often necessitates
frequent handling of the article.

Before welding, the iron is heated to red heat. For the
preheating of large castings, ordinary pits are used which
are built of refractory material. The mould is covered with
an asbestos plate so that it cannot get dirty, and the article is
surrounded by wood charcoal and heated slowly to red heat in
this fire.

With large articles, the preheating process requires about a day.
Smaller articles, which are simply moulded in sand, as previously
mentioned, and heated with wood charcoal,
require a correspondingly shorter time. &,
Attempts made to effect a cheaper and
-quicker preheating by the use of cheap
coke in place of wood charcoal or by
building grates with forced draft firing
into the pits, have proved unsatisfactory.

By speeding up the preheating process,
the danger of cracks occurring in cast
articles, which are not entirely free from
stress, is increased. In addition, with
coke firing it may easily happen that
the articles are melted and absorb par-
ticles of sulphur. Coke firing, as _ )
well as the use of damp wood charcoal, i v i
also requires special precautions for dis-

posing of poisonous gases which are formed, since welding
has to be carried out over the fire, while the article is at
red heat. It is recommended that ventilating equipment should
be fitted over the welding pits, even when wood charcoal is
being used, if the welding workshop is small and not well
ventilated, as it certainly should be, and if the best dry wood
charcoal is not used.

Before welding, the place to be welded should be cleaned with
compressed air. In hot cast'iron welding, the welding is again done
‘according to the Slavianoff process with direct current, in which the
positive hotter pole should be connected to the heavier article. Bare
cast iron rods # in. to § in. thick, and not more than £ in:, are used
as filler material. These should be about 3 ft. long. A good chenucal
‘composition of the rod is: N
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Carbon .. .. .. .. 3 to 36 per cent.
Manganese .. .. .. o5 to 0'8 per cent.
Silicon .. .. .. .. 3 to 4 per cent.
‘Phosphorus .. .. .. 04 to 0-8 per cent.
Sulphur (Max) .. .. .- o°1 per cent

The use of welding fluxes or covered rods is unnecessary with
the hot electric welding process. In order to keep the fused bath
continually molten, considerable quantities of electrical energy are
necessary. Consequently it is insufficient to use an ordinary welding
transformer such as may be used for cold welding. With hot welding,
the welding voltage usually amounts to 40 to 65 volts (open circuit
voltage 8o to go volts). The welding current, depending on the
size of the work, and the size of electrode chosen for the purpose,
amounts to 400 to 1000 amperes. Therefore, for the hot welding
process, specially large converters are necessary, but several machines
of the ordinary size may be connected in parallel for this purpose.

The welding itself is carried out in such a way that the arc is
struck with the welding rod and the edges of the fracture are melted
down at the base of the mould, after the mould has been uncovered
and carefully cleaned by blowing away dirt and dust. The filler
material gradually fills the mould with a fluid bath. Care should
be taken that the molten iron in the fused bath does not come in
contact with the fractured edges which have not yet been melted
down. The fusing process must take place to the same extent as the

* fused bath fills up the mould.

As soon as slag collects in large quantities on the surface of the
fused bath, it should be most carefully skimmed off. In order to
speed up the welding process, small quantities of the same filler
material, obtained from scrapped pieces of welding rods, may be
added from time to time to the molten bath with a small scoop.
The arc quickly melts these small pieces, but some attention may ge
necessary to ensure that unmelted pieces do not remain in the fused
bath and become entrapped on cooling. The process in which
molten ‘iron is added to the mould in order to fill it up rapidly is
not so widely used, because- it is very difficult to find the correct
composition of the material which ensures a good joint. Specigl
attention should be paid tq avoiding ‘unnecessary interruptions in the

“welding process, so as to retain the heat in the molten bath.

The welding does not require as much skill and steadiness -of
hand as the cold welding process, but-at the same time it requires
great care. It is, however, much more fatiguing for the welder, -
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since the article has to lie in a charcoal fire during the welding pro-
cess in order to acquire its red heat.

From the previous remarks, it will be clear that the most ex-
tensive damadge to a casting may be repaired by means of the electric
hot welding process, no matter whether the fractures are compli-
cated or very extensive.

If it is skilfully done, hot cast iron welding gives a uniform joint
throughout. It is usually less porous than the base material, and in
consequence it usually possesses a higher strength than the former.
The weld and the transition zone are soft and, in contrast to those
produced by cold welding, they are just as easy to machine as the
base material. Fig. 132 indicates the etched section of such a weld.
Comparison with the etched figure of the cold weld in fig. 123
clearly shows the difference in quality between the two processes.

Fig. 132.—Micro-photograph of an electric cast-iron hot weld

A disadvantage of the process is that it necessitates dismantling
the parts to be welded and carrying them into the welding workshop
for hot weldmg, and that the preparation requires con31derable
time, and is also mere costly than other processes.

The process cannot be applied to castings which have been cast
so highly stressed that théy cannot withstand even a slow preheating. .
In the same way, castings cannot be welded which have been sub-
jected for a long time to furnace gases or hot vapours. In
such cases it has been shown that decomposition and exces-
sive ageing of the structure has taken place, and these cause
the formation of large spongy spots near the weld zone which
do not unite with the weld. In both these sets of circumstances,
however, the other processes are mapphcable Such castings must
be scrapped. '

+ The welding of very thin walled objects is also difficult. Here
too, héwever, hot cast iron welding has proved suitable. A block of
«carbon is placed under the faulty place, and it is carefully welded
: w:th a very thin cast iron md after the article has been heated round
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the faulty place by means of a charcoal fire. Recently this process
has been widely used. '

In the welding of small diameter vessels the procedure™is to
weld with Benardo’s process and carefully to warm the weld place
with the carbon arc, and only to melt it down to the extent which is
necessary in order to obtain a junction with the cast iron filler material.

The Welding of Cast Steel—The welding of cast steel is similar
to the welding of steel. Every process which is used for the welding
of steel can be applied successfully to the welding of cast steel.

In this respect, it should be noted that articles which must not
be subjected to stress are preferably welded electrically, in order to
avoid the distortion which may also be counteracted by preheating.
With a hard casting special attention should be paid to temperature
stresses. Cavities and faulty places are best repaired by arc welding.
It 1s advisable with large welding jobs to carry out subsequent
annealing or to use the hot welding process. Large articles which
stand up to excessive heat are better repaired by gas welding.

In general, the choice of the process for any individual case
depends on which appears most economical. A filler material,
which is as far as possible similar to the base material, should be
used.

A soft wire should be used for low carbon castings and hard
wire for high carbon castings. Welding fluxes are entirely un-
necessary. ,

The Welding of Malleable Cast Iron.—Welding is difficult
because of the local characteristics of malleable cast iron., In general,
electric cold welding is the most suitable. The various methods of
manufacture which affect the structure also render welding' difficult.
. Light flowing cast material is best treated as cast iron, using a cast
iron rod. Heavy flowing material is best treated as steel by adding
mild steel wire. If malleable cast iron is to undergo shaping after
- welding, it must be treated with this in view. Forgeable malleable
cast iron may also be welded by electric resistance welding.

The Welding of Gopper and its Alloys *

Copper.—Next to steel and cast iron, copper is one of the most
important metals in technical use. It is just as easily welded as the
- former, but possesses a range of properties which make welding
- ®Ziem, * The Weldability of Copper ”, Technisches Zentralblatt, Vol. 39 *(';9'7;9)“,‘ .
P43z . : T e

.



FUSION WELDING 149

very difficult and which necessitate special precautions. These will
now be discussed in greater detail.

Copper is marketed as electrolytic copper or as smelted copper
in the rolled or drawn condition. The metal which is obtained
electrolytically is purer. As this is too dear, however, smelted copper,
which contains additional constituents to a greater or less extent,
is usually used for technical purposes, and these constituents
adversely affect welding if they are present in too great quantities.
The greatest difficulty in this connexion is due to lead, bismuth,
zinc, nickel and tin, in the order in which they are here mentioned.
The presence of small quantities of lead is sufficient to make copper
unsuitable for welding purposes. These additional materials should
not amount altogether to more than o5 per cent. In addition to
the metals named, copper contains arsenic. The arsenic contents
which are usual do not influence the weldability of copper,
however. As has been frequently suspected, working stresses render
copper useless for welding purposes, if it is subjected to them for
a long time.

Before welding copper, therefore, it should be tested to see
whether it is suitable in respect of its chemical composition, since
low quality material either gives very low strength values or leads
to bad results.

It should be noted that copper is also available as cast copper,
and that this obtains its fibrous structure and the high ductility,
which make it so suitable for technical purposts only by means of -
a refining process. Copper always absorbs oxygen during casting
and forms with it cupric oxide, which is deposited at the crystal
boundaries and renders the metal liable to fracture. By means of
rolling and drawing, the cupric oxide is made homogeneous with the
crystals and rendered non-dangerous.* The strength properties
of copper which are obtained in this way are once more destroyed,
however, by welding, and if the weld seam and the parts which have
been joined, are to have the properties of the base material, they must
_be restored by a treatment which is similar to the rolling process.
As will be shown later, this is obtained by skilful hammering. With
copper, a weld seam which has not been hammered is always un-
sausfactory

There is another dlﬂiculty during the weldmg of copper caused
by its high heat conductivity, which is about six times as great as
that of steel. Consequently, the welding of this material necessitates
‘~ o . -qcewlene Tipa », September, 1928,

| ‘(l;l7‘) ) ‘ 6
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a greater heat supply than does steel, For this reason, welding is
done with a torch which should be two sizes larger than for steel, or
two flames may be used. These are a distinct advantage for reasons
which will be mentioned later.

It should be noted here that the melting-point of pure electro-
lytic copper is 1980° F. (1083° C.) while that of smelted copper is
considerably lower.

The greatest difficulty in the welding of copper is due to the
tendency, which increases with temperature, greedily to absorb
oxygen and to form compounds with it like cupric oxide and cuprous
oxide which make it liable to fracture. The'only means of com-
bating this is by making the weld most carefully. In addition copper
greedily absorbs combustible gases in the molten condition, and
on cooling gives them up again in the form of froth.

How these difficulties with copper are to be met and how, in
spite of them, by means of the most careful Manufacture of the Weld,
a weld joint can be obtained which satisfies all requirements, will
now be discussed below. At first it should be noted that copper

~is almost exclusively welded with the oxy-acetylene flame. For
junction welding, where material is required having the approxi-
mate strength and ductility of the base material, electric arc welding
has not led to practically useful results. It has, moreover, proved
to be.uneconomical. Copper may be welded quite satisfactorily,
however, by means of the electric resistance process and also in
“building-up welding by means of the arc, when only freedom from
porosity, and neither strength nor ductility is required. -

As far as welding with the oxy-acetylene flame is concerned, the
preparation of the article, as well as the guiding of the flame, is
almost entirely the same for copper as for steel. . An important
condition for the success of the welding is the most careful adjust-
ment of the flame and the guiding of the torch. It is here of
much greater importance than in the welding of steel. It must be
carefully noted that welding is only to be done with a neutral flame.
The tip of the flame cone should stay at a constant distance from the
metal equal to half the length of the cone. If the torch works with
excess oxygen, there is the danger, as has already been mentioned,
that oxygen will pass into the copper. Not only does it form cupric
oxide on the surface and overheats and burns the copper, but it also
passes into the molten copper during weldmg to form cuprous oxide.
In addition, the combustible gas which is present in the flame is, as
stited, gmdually absorbed by the molten oopper, md thu is' set freley
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on solidification of the copper and rises spontaneously to the surface
in the form of small blisters. This is called “ copper froth *’ and also
“ copper spit ”. If solidification takes place quickly the blisters
will be trapped and cause a porous spongy weld.

Burned copper, which may be distinguished from the salmon
red of pure copper by its dark red colouring, is brittle. Even the
presence of ‘1 per cent of cuprous oxide considerably increases the
tendency of the material to fracture. Since the formation of cuprous
oxide cannot be avoided, even with the most careful adjustment of
the flame, it is advisable, by the addition of deoxidizing agents as
additional materials in the fused bath, once more to reduce the
oxide which is formed. Such agents are magnesium, aluminium;
silicon, phosphorus, iron and especially silver. Phosphorus has
shown itself very suitable for the deoxidation of copper. It com-
bines with the cuprous oxide to form phosphoric acid, which because
of its low specific weight rises to the surface of the molten mass
and vaporizes. For quality welding the Canzler wire which is made
in Germany has shown itself very suitable. This contains about
I per cent of silver in addition to phosphorus. The filler material
should only contain as much phosphorus as is absolutely necessary
for the reduction of the cuprous oxide. An excess quantity passes
into the copper and makes it brittle. Electrolytic copper is not to be
recommended for use as a filler material. Although this is very pure
it should be noted that experience has shown the weld to be very
much better the more exactly the filler material is suited to the base
material, if copper of about 9g9'5 per cent purity is available. In
electrolytic copper there is a lack of the protective elements which |
prevent the absorption of oxygen. In addition it has a higher melting-
point than smelted copper, and this also makes welding more difficult.
Experiments have shown that seams welded with electrolytic copper
have a very low ductility.

In order to combat the effect of oxygen as much as possible, it
is necessary, besides adjusting the flame accurately, to speed up the
welding process as' much as possible and to shield the weld zone
with the flame, so that oxygen from the air cannot enter. - For this
reason, a more powerful‘ torch must be used than for steel as was
mentioned in the previous pages. This is also necessary in, order to
retain the quanuty of heat which is necessary for the welding process
at the weld in spite of its being conducted away because of the
‘high conductivity of copper. Working with two torches, one of
‘which is used for the welding itself and the second which is used

ok
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for keeping the heat at the weld zone and shielding it, has proved
very satisfactory. With heavy sections, provided that the weld is
accessible, one may weld simultaneously on both sides after making
an X-shaped groove, so as to employ the torches most usefully.
In this way the danger of insufficient fusion at the root of the groove
need not be feared. It only arises if the two weld grooves are filled
up one after the other. .

It may be noticed in these instructions that the use of a welding

flux, which is usually referred to as being mdlspensable for copper

. welding, is not absolutely necessary. Nevertheless, it is advisable to
use a welding flux on heavy sections. Since, with heavy sections,
the neighbouring parts of the seam are strongly heated, and since
these may become brittle by the absorption of oxygen from the air,
they should be protected by a welding flux, which covers them w1th
a non-porous easy flowing skin. At the same time inclusions
should not remain behind in the weld. Welding fluxes consist
chiefly of borax. The melting-point of the flux must lie below
that of the copper.

The use of a more powerful torch and the increased speed of
the work which is thereby obtained, is also necessary because with
it the heating of the parts of the article which adjoin the weld seam
may be limited to a minimum. With increased heating the whole
material expands considerably because of its high heat conductivity -
and hrence on cooling, dangerous stresses which are called into play
after a long period of welding at high temperatures, are set up and
lead to shrinkage cracks such as frequently occur in coppér welding.
The quicker the welding takes place the lower may the streeses
be kept. These stresses, which can never be completely avoided,
may also be neutralized by Hammering the Weld Seam. As was
mentioned, this hammering is indispensable for converting the cast
structure which is set up by the welding into a fibrous one, and for
giving the weld seam the strength properties of the base material.
The strength of an unhammered weld, even with the use of alloy
welding rods, amounts at the most from 50 per cent to 60 per cent
of the unwelded plate and this is, therefore, too low. The hardness
of unworked welds is also considerably lower, as these are coarse
grained and invariably more -or less porous. Hammering, therefore,
always forms an essential part of the welding work. ‘

This hammering must be carried out with considerable ekill.
It requires: specml dexterity, and -should result in the cmmohdauon;
of the ‘weld and in the xmprovcment of the ‘crystal’ atruéture -

_____
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In order to avoid the difficulty which is introduced by hammering
the weld seam at high temperatures because of its low strength, the
work should be carried out directly in conjunction with the welding.
A plece is welded and immediately hammered. The first portion of
the piece must, however, be still at red heat when the hammering
is started, otherwise further heating with the torch must take place.
On account of the stresses which are set up, going over the un-
worked seam with the weld flame again is to be avoided as far as
possible. In general, about 6 in. are welded and then hammered.

The end of the weld seam is then hammered over quite lightly
in order to consolidate it to some extent, and then a return is made
to the starting-point of the welding. Because of the softness of . the
material, the seam would fracture at its end point, due to the stretch-
ing which is set up by hammering, unless this precaution were taken.
The intermediate zone between the weld seam and the plate is then
worked, and in this way a smooth and uniform transition can very
easily be achieved. It is advisable to weld with a small reinforcement
s0 as to be able to build up the material. After the two edges of the
weld seam have been hammered over, the reinforcement itself and
the weld seam which is integral with it, is carefully worked along
its whole length. If hammering of the weld seam is started in the
middle, a large portion of the reinforcement is forced out to the
sides, and it is impossible to get a uniform transition zone in the
plate. When the hammering is started, the blows must only be
light as the weld is at a high temperature. As the cooling increases,
and especially after the first hammering of the weld seam, the.blows
should increase in intensity, so that a change in the cast structure
does actually take place at all points in the section of the seam.
With longitudinal seams, it is advisable to have the hammering of
the weld directly followed up by a second workman.

In the welding of fire boxes, a hammer weighing about 2}-1b.
or a compressed air hammer is used. Heavy hammers cause the
structure to break up and they should, therefore, not be used. When
welding from both sides, the blows from both sides should be made
simultaneously.

F 1nally the hammered seam may be smoothed over thh a coms-
pressed air hammer, and this is especially advisable for articles
which have projecting members, which -may be subjected to serious .
attack from gases, &c. .

 In addition to this improvement by hammering, it is adv:sable
,m spaocxal cases, to carry out subsequent treatment by mncalmg and"
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slow cooling at a temperature of about 750° F. (400° C.) for half to
about one hour, and in this way a very regular structure may be
obtained. By observing these instructions it is easily possible for a
skilled welder to produce satisfactory welds having a strength up
to- go per cent of the unwelded material. It is always advisable,
however, to test the skill of the welder by test welds, and bend tests,
and an angle of bend of 180° should certainly be specified.

Brass.*—Brass is a copper zinc alloy which, on welding, behaves
like copper so that the same precautions are to be taken with it. It
should be noted, in addition, that brass has a property which
renders welding more difficult, and this is the low melting-point
of zinc. It lies at about 785° F. (419° C.), i.e. under the melting-
point of brass, 1710° F. (930° C.), and well under that of copper,
1980° F. (1083° C.). Consequently, on welding, zinc easily vaporizes,
and this gives rise to porous and spongy welds.

For this reason, welding should be speeded up as much as possible.
The loss in zinc does not increase with the heating of the molten
bath, but with the time of welding. By rapid fusion, therefore, the
zinc loss may be kept small. The welding of thick members is very
unsatisfactory as they require considerable time for heating.

As copper-zinc alloys oxidize easily, a good welding flux is to be
recommended. A mixture of borax or boric acid with sodium phos-
phate is frequently used. It may be put on the metal in the powdered
condition or as a paste. The welding rod is also dipped into the flux
in order to protect it from oxidation. In spite of the easy oxidation
of the metal, however, slight oxygen excess in the flamé is not so
dangerous as with copper, since the oxygen forms a protectwe skin
of oxide over the molten bath.

The flame cone should be held a little farther away than with
copper. If this is brought too close to the metal it causes the molten
bath to froth, and this vaporizes the zinc more quickly and the weld
becomes porous. It is advisable with-heavy material thicknesses to
use several torches and, by uniform heating, to avoid local over-
heating of the article. '

The/filler material must exactly suit the base material. It should

. be noted that the properties of the former do not depend alone on
its chemical composition, bt also on its heat treatment and its cold
.treatment. The welding. wire should, therefore, be alloyed.

In spite of‘thm it is practxcaily xmposslble to give a brass weld -

M and Hol “'I‘heWu!dl ofBr md anne“ "T ;
WWCWTVM 39 (1929), P 43 b;ht,v e b M
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the same shade of colour as the base material. Consequently, assis-
tance is frequently sought from brazing, in which the difficulties
do not arise to the same extent as in welding.

Hammering the weld should only be carried out with rolled
brass in the cold condition and with cast brass in the hot condition.
Quenching brass makes the metal brittle.

Bronze and Red Brass.—These are copper tin alloys. The same
precautions are to be observed with them as with the copper zinc
alloys. A difficulty is introduced, since, in the heated condition,
bronze loses virtually all its strength and even slight shocks may
lead to a fracture of the article. In the heating of a large article its
own weight may even act in this way. During welding, therefore,
the work must be well supported and not moved about.

The choice of a filler material is even more difficult than with
brass since the difference in the alloys used for various bronzes are
greater and voltage potentials may easily be set up between the
welding and the material.

Building-up welding with red brass, using the electric arc, has
proved satisfactory. It is welded with the carbon arc with a voltage
of 45 to 65 volts, and with heavy equipment such as is used in cast
iron hot welding.

In addition, the point which will be specially raised later during
the discussion of accident prevention is made here: that, due to
harmful tin or zinc vapours which are developed during the welding
of copper alloys, the provision of gas masks (respirators) must be
officially specified for the welder.

The Welding of Aluminium and its Alloys *

Aluminium is also a metal which is of considerable importance in
welding engineering, since it is entering into technical practice more
and more. This is due to the low weight which it possesses in spite
of its relatively high strength and also to its resistance to chemical
action. For this it is indebted to an extraordinarily thin coating of

* Pothmann, “ Concerning the Welding of Aluminium and L:ght Alloys ”,
Auzogemkwmser, 1928,
Holler, “ Prmcnpal Pomm in the Aluminium Welding Processes and their
'!‘echmcal igm cance ", Autogene Metallbmrbawng, Vol 21 (2928), p. 46.
Rostosky, The éoldmng and Welding of Aluminium », Metallkunde,

Vvl rs (1923), p. I
Rostosky, * Thc Soldenng and Weldmg of Light Metals *; Metallwischqft,

Val. o)
‘ﬁoﬂ” X.lmmmum and ita Welchb;hty », Technisches Zentralblatt, Vol. 39,
'(me‘:pfw. At B : X
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oxide with which it covers itself even in air on account of its great
affinity for absorbing oxygen. At the same time this aluminium
oxide has a very high melting-point which lies between 3600° and
4500° F. (2000° and 2500° C.), whereas the melting-point of pure
aluminium only amounts to 1200° F. (650° C.). This property,
which is so valuable for the chemical industry, provides the greatest
difficulty for welding. The fusing of this oxide skin with the flame
cannot be carried out for reasons which are easy to explain. Conse-
quently the welding of aluminium and also the associated hard
soldering process, was first made possible when a flux was found
which caused the chemical decomposition of the thin oxide skin.
The flux, which is termed * Autogal >’ is protected by patents. It
consists primarily of alkali chlorides and fluorine compounds.

Since this flux is very deliquescent and then loses its ability to
dissolve oxygen, it must be kept protected from the air and only
used in such small quantities as are necessary to carry out the work,
by mixing it in a small dish. For thin plates, it is used either with
water or alcohol, mixed in the form of a pasty mass which is put
on the weld with a small brush. For heavy sections the powder is
scattered in the finely divided condition over the weld, and the
welding rod is dipped from time to time in the powder. There is
no point in sparing the flux since it has the effect of making the metal
lightly flowing, and it favourably affects the fusion process. The
remnants of the flux should not remain in the weld, and this makes
careful work imperative. After welding, it is also very important
to remove all traces from the weld by washing with water; otherwise
corrosion of the aluminium is set up by the flux which remains
behind. Pure aluminium is used as a filler material either as a rod
or scrap from aluminium plate.

As far as fusion welding is concerned, as was the case with
copper, gas welding is practically the only process used. For thin
plates, a light flame is more suitable, as with a strong flame holes
may easily be burned through. For this reason oxy-hydrogen or
illuminating gas and compressed air flames are very often used.
For heayier sections, however, it is better to choose the oxy-acetylene
flame because acetylene results in softer welds. It is necessary; how-
ever, to subject it to a very careful purification from sulphur and
phosphorus compoundsso that the weld does not lose its strength.

Thin plates are prepared by folding or ﬁangmg, and these may
be welded without filler material. . Heavy sections are butt wclded .

_.together As a rule the makmg of a groove is unneceswy :



FUSION WELDING 157

Metallic cleaning of the surface should not be omitted.

The Welding itself, therefore, requires considerable practice and
experience on the part of the welder, since the change from the
solid to the liquid state occurs very suddenly with aluminium with-
out its giving any definite indication. The danger of burning holes
is, therefore, very great, especially with thin plates. On the other
hand, because of the conductivity of aluminium, which is about
half that of copper, a relatively long time elapses before the fusion
process commences, so that the welder is easily led into using a
heavier torch than is prescribed. Therefore, as soon as the pre-
heating of the weld becomes excessive, the fusion process takes
place more quickly than the welder is able to follow 'up with the
addition of filler material, and hence overheating results. Care is
therefore required. If the weld bead is too wide, it is an indication
that the welder should take care. He must then take a smaller torch.
Dimensions which are frequently given, for example, that the width
of the bead should be three times the thickness of the plate, would
naturally result in welding beads which would be very much too
wide for heavy thicknesses. Preheating of the article is to be re-
commended in order to render possible an earlier start in the welding
process, when the work is first begun. A slight stirring with the
welding rod in the molten bath in order to assist the separation of
slag should not be forgotten.

Since aluminium also collapses very easily at the welding heat,
it should not be forgotten that the welded article should be well
supported. Pieces of steel plate put underneath may easily be re-
moved after welding since aluminium does not adhere to steel. By
means of a subsequent treatment such as annealing and hammering,
the strength properties of the weld may be increased. Quenching
contributes to an improvement in the fused structure, but may result
in shrinkage cracks. The pressure welding process is also used with
aluminium—so-called forge welding—and this will be discussed
in greater detail in Chap. III. Attempts have been made to weld
aluminium plate by the electrical spot welding process, but up to
the present time with little success. Attempts have also been made
to weld aluminium by means of electrolysis. Up to the present they
have bad no practical importance. On the other hand, welding with
the electric arc, which has recently been taken up, is deserving of
more attention.

For this process new electrodes ‘have been developed whlch are

(um - 6
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the normal welding equipment. The electrodes are connected to
the positive pole. A glass-like layer of slag, which forms easily on
the surface, protects the molten aluminium from oxidation. It is
advisable to preheat the article at the point where the weld seam is
started before the work is begun, to 200 to 300° F. (100 to 150° C.)
in order to speed up the starting of the welding process, which
otherwise takes too long. When the seam is finished, it must be well
washed and brushed in order to remove any remaining traces of the
paste.

It should be granted that, with arc welding, due to the con-
centrated heat of the arc and the momentary formation of a fused
bath, a sound joint may be made with the base material, and, in
addition, that the quantity of the filler material melted down in
unit time is greater than that with all other processes. There are,
therefore, advantages both in strength and in cheapness. On the
other hand, tensile stresses are set up in the article due to the greater
heat of the arc. The process is, therefore, less suitable for the manu-
facture of complicated articles than for the joining of flat plates.

As far as Aluminium Alloys are concerned, one distinguishes
between cast alloys and forgeable alloys.

The most important cast alloys are the so-called American alloys
of aluminium and copper, the German alloys of aluminium, copper,
zinc and Silumin, an aluminium silicon alloy. The most important
forgeable alloys are duralumin, which contains the alloying con-
stituents of copper, manganese and magnesium, and is extensively
used because of its valuable properties, especially its strergth which
is about 31-7 tons/in.?, and in addition Aladur, Lautal and recently
Telectal, Aldrey, Montegal and Constructal.

All aluminium alloys may themselves be welded just like the
pure metal. In these circumstances, however, it is necessary that
the composition of the filler material corresponds as accurately as
possible to that of the base material. The forgeable alloys, however,
lose their valuable properties, which are obtained by the process of
manufacture by refining, and this occurs at a temperature of 660° F.
(350 C,). They then have no better propertxes than pure alu-
minium. Since the use of this alloy depends on its reﬁmng, up to
“the present time riveting has been retained. At the same time, the
strength which has been lost in the welding process may be re-
stored to a certain extent by subsequent treatment which is similar
to the heat treatment employed during the manufacture of the alloy.
In th:s way w;th aluxmmum, strengths up to 25 5 tang/m 2 hnve been
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obtained. For this purpose, however, the welded article must be
heated in a furnace to goo® F. (480° C.), and then quenched in cold
water or oil, and this is usually impossible to carry out in practice
with large articles. It has been reported that the Metallurgical
Laboratories at Philadelphia have constructed an automatic electric
furnace in which complete wings and rudders of aeroplanes may be
treated in this way.

On the other hand, cast aluminium alloys do not give rise to any
difficulties other than those met in the welding of aluminium. In
common with it, they have the property that they form a ductile
oxide skin on the weld and the molten metal. In general, therefore,
it is necessary to employ the flux Autogal, but at the same time
Silumin, which is easily welded, may be worked in small plate
thicknesses without the flux. From another point of view also, the
aluminium-silicon alloy is more easily welded than the aluminium-
copper or aluminium-zinc alloy. Alloys react very differently to heat
stresses such as occur during welding and which lead to the for-
mation of cracks. The better weldability of Silumin compared with
both the other alloys is due to its crystalline structure and its solidi-
fication curve.* The internal stresses which remain in welding may
be removed by subsequent annealing of the article. Heating in
a wood charcoal fire at a moderate temperature and slow cooling is
even more to be recommended.

The Welding of Nickel and its Alloys +

Nickel may be welded by means of the electric resistance welding
process, by butt or spot welding as well as by the fusion weldmg
process using the electric arc or the oxy—acetylene flame.

With reference to the welding process, it has been shown in
practice that, with plate thicknesses greater than { in. metallic arc
welding gives better results, whereas with thin material the oxy-
acetylene welding process may be employed with better success.

With both welding processes, it-should be borne in mind that
nickel has the property to an even greater extent than copper,
although in other respects it behaves the same, of absorbing gases
in the molten condition and consequently special precautions are to
of Allqy ". Mmﬁyﬁw :'lyolofq .(Axlggmo)x'u;mx ;glloys dependmg on the Type

1 Woehlers, Coneemmg the Weldmg of Nickel ”, Tedmtscha Zemraﬁlatt

(929), p. 447.
R gm, Rﬂme de La Sosdun Autogm, Vol 21 (1929), p x7xo
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be used with it in order to obtain a satisfactory weld without pores
and blisters. Due to ignorance of these facts, the welding of nickel
has, up to the present, only been carried out to a limited extent.

It should be added that nickel contains many impurities such
as carbon, sulphur, iron, cobalt, manganese and silicon, and of these ’
sulphur is most harmful during welding and reduces the strength.
By means of a suitable welding flux the sulphur must so be com-
bined in the nickel that it is insoluble.

In arc welding, a pure nickel electrode is employed with a de-
* oxidizing covering' which consists chiefly of ferro titanium. Direct
current is definitely to be preferred to alternating current.

The welding should be carried out in one run over the whole
section. Building up in layers leads to bad welds because the skins
of oxide which are formed on the layers are entrapped in the weld.

In oxy-acetylene welding a neutral flame is imperative, and better
still a slightly reducing one. Excess oxygen makes the weld brittle.
It is advisable to use the backward welding process since in this case
the flame shields the seam which has already been welded, and pre-
vents the absorption of oxygen from the air. A rapid to-and-fro
movement over the surface is advisable in order to anneal the seam
and hence to remove stresses. In no circumstances is the welding
process to be interrupted, but at the same time building up the
weld in layers is to be avoided. Finally, it is important that the
torch should be held at an angle of about 45° to the seam.

German Silver.—Since German Silver is a copper-zinc alloy of
nickel, what has already been said about brass also applies to this.
The welding process must be carried out as quickly as possible in
order to keep the vaporization of the zinc within moderate limits.
Oxidation is prevented by the addition of aluminium or magnesium.
Annealing and hammering at about 1300° F. (700° C.) is necessary.

Monel Metal*—This alloy of nickel may be welded either with
‘the electric arc or with the oxy-acetylene flame. In both cases, it
should be noted that Monel metal easily absorbs carbon and oxygen
and becomes brittle.

In arc welding, therefore, a covered electrode made of monel
metal must always be used or welding must be carried out under
a protectlve shield in order to keep the air away. Alloys of mag-
‘nesium, manganesc and silicon, or mmuum and calcmm, are recom-
mended as eovcrmgs e =

: ' Noene “ The Welding of Moncl », T«:Imuchu chmdblatt, Vol 39 (!gag),"
P MS Wt f



FUSION WELDING 161

In gas welding, as with nickel, backward welding gives a better
weld than forward welding Because it protects the finished weld
from the absorption of oxygen from the air. In no circumstances
should the flame have excess oxygen. On the other hand, a slight
gas excess is not dangerous. Consequently the source of acetylene
must supply an adequate quantity of gas. For deoxidizing purposes
a flux, consisting of a solution of boric acid in alcohol, is advisable,
and through this the acetylene gas is led. The addition of the flux
is in this way rendered more uniform than by using a powder or a
paste.

The Welding of other Metals and Alloys

Lead.—Fusion welding of lead is nothing more than the long-
known lead-burning. A thin layer of lead oxide forms very easily
on the surface. The melting-point of the oxide is higher than that
of the lead, and this makes the welding work difficult. The scraping
off of this coating before welding and a brisk movement of the weld-
ing rod in the molten bath while the work is being done are indis-
pensable. The hydrogen flame is to be preferred. Lead vapours are
extraordinarily poisonous.

Zinc.*—The welding of zinc with the -addition of pure zinc and
the use of an ordinary soldering liquid flux or sal-ammoniac solution
has not led to good results. Good results may be obtained with a
welding flux made to an American patent, or better still, with hollow
welding rods filled with a flux which is protected by patent by the
firm of Griesheim-Elektron. '

Tin.—The fusion welding of tin is the same as the well-known
soldering process.

Elektron.t—There are weldable and non-weldable alloys of
elektron. Since magnesium, which is the main constituent of elek-
tron, is more sensitive than aluminium to chemicals and atmospheric
affects, the removal of the oxide skin and the flux which is used for
this purpose is more important than for the aforementioned metal.
Fluxes which contain chlorides seriously attack' magnesium. They
must, therefore, be avoided. An alloy of the base metal is used
as a filler material. The method of welding is the same as with
aluminium.

_ ® Lehmann, “ The Gas Welding of Zinc ”, Schueisstechnische Rundschau des

Tcduusaha Zentralblatt, Vol. 2 (1930), p. 211.
" 4 Rostosky, “ The Soldermzdeeldmg of Light Metals > MeulhamM
k (mwm 499

il Inc\mom into demg Sabmdwlmum Vol 9 (1930), Poizs.
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3. The Soldering and Brazing of Metals.*

Soldering is a process which is very closely associated with fusion
welding, and it approximates very closely to it in lead burning and
the hard soldering of aluminium, so much so that the line of demarca-
tion between them may scarcely be recognized. The Definition of the
Létausschuss (The Soldering Committee) of the Deutsche Gessel-
schaft fiir Metallkunde (German Association for the Science of
Metals) is as follows: “ Soldering or brazing is the joining or build-
ing up of heated metals and alloys, which stay in the solid state, by
means of a molten metallic junction medium.”

Whereas in fusion welding heating must proceed so far that the
base material and the filler material, which should have as similar
a composition as possible, pass into the molten’ condition and fuse
with one another, in soldering it is sufficient to heat them to the
melting-point of the solder, which is lower than that of the work,
so that the latter remains in the solid state.

In this way, the joint between the solder and the article is not
obtained solely by tacking them together, as is assumed, but the
solder forces its way to a greater or less extent into the base material
so that a mixture of the metals occurs, even if it is only a surface
one, and this is obtained by a displacement of the surface molecules
in the heated article. Even in the best case, however, the joint only
attains the strength of the solder. Diffusion, viscosity and surface
stresses determine the quality of the joint. The nearer the melting-
point of the solder is to that of the base material and the thmner
the layer of solder, the better the joint.

‘In soldering we distinguish between Soft Soldermg and Hard
Soldermg

In Soft Soldering, the parts which have to be joined are not
heated, and a very easﬂy fused metal (soft solder or tin) is melted
with a soldering iron in a thin layer on to the cleaned metal of the
parts to be joined, which have been' pickled beforehand with an
etching medium. The soldering iron is heated in a coal fire or by
" a combustible gas or by means pof an electric current. If the article
is large a soldering lamp or soldering pistol is used.

German word “ Loten " may be translated in English as soldem:e ”,
“brmg f:gm uently as “‘brdnze welding”. There is considerable con-
fusion’in B'ngluh ical literature as to the exact meaning of these words, md
/they are' used differently by different writers.- lereadermunmmw ,
~use of these words in accordance with huownmnmolocy. Mv‘
‘ mnloqmvdenu h:vebeenuudmdm
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In Hard Soldering the parts of the article are preheated in a wood
charcoal fire, or better still, and more cleanly, by means of the gas
flame of a torch or in a furnace. Then the filler material, the hard
solder is melted in. Acetylene, hydrogen, illuminating gas, Blau
gas and benzine are used as combustible gases with oxygen, and, in
addition, mixtures of illuminating gas and compressed air, and acety-
lene and compressed air, are used. These gases give a flame which
is not so hot, and consequently have the advantage that the soldering
process may be better observed with the naked eye than through
the dark glasses which have to be used to protect the eyes when a
point flame is employed.

In hard soldering, too, it is of extreme importance that the sur-
face of the metal parts which have to be joined should be metalli-
cally clean. Fat, oil and metallic oxides otherwise lodge between the
solder and the metal, or they vaporize during the welding process
and prevent the joint from being made.

Soldering requires experience and skill. One must primarily
be able to judge when the solder has the correct degree of fluidity,
and then the soldering must be carried out quickly. The more
quickly it is carried out, the thinner will be the layer of solder which
is deposited between the two metals.

Copper may be soldered to copper, brass to copper, iron to copper,
iron to brass, and also steel to steel. A hard solder, consisting of
about sixty parts of copper and the remainder of zinc, is used as a
filler material.

Soldering has acquired considerable importance in engineering
work for aluminium and its alloys.* It will, therefore, be discussed
in greater detail.

Soft Soldering, as well as hard soldering, is used for Aluminium.
Just as was the case in welding, it is a preliminary necessity for the
oxide skin, which is difficult to fuse, to be broken down before the
work is carried out. In soft soldering, this is done mechanically.
The portion to be soldered is heated until the solder which is applied
melts, and this is then rubbed off with a wire brush. In this way -
the skin of oxide is, as it were, stripped off in the liquid solder. Hence
the solder covers the portion which is to be soldered and prevents
the oxide skin from forming again. Soft solders which are free
from aluminium, or, contain only a trace of aluminium, are used as

@ Rostosky, “ The Soldering and Welding of Light Metals *, Metalluwirtschaft,

. vﬁ’- ) (1939);, P T . . ‘ " .
'R ( 23 ﬁnﬂdd«. * The Capacity of Aluminium for Soldering with Special
| Solders ** Technisches Zentralblatt, Vol. 39 {1929), p. 450.
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solders. They have the drawback that they provide a soldered zone
of very low strength, and this is reduced in the course of time and
finally disappears altogether, as soldered places disintegrate in time
in the presence of oxygen and moisture, that is, in the presence of
air, because of electrolytic processes. In addition, their colour grows
darker and this, as a rule, is undesirable.

In spite of the advantages of the soft soldering of aluminium,
which are due to the fact that no practice is necessary, no flux needs
to be used, and the work may be carried out at a relatively low tem-
perature, so that, with castings, stresses and cracks may be avoided,
the use of soft aluminium solder is only advisable where there is no
question of strength or where the soldered places are protected by
oil, paint or lacquer against the influence of oxygen. When soft
solders, which are free from corrosion, are offered for sale, it only
means that the purchaser will certainly be disappointed.

Hard soldering is very similar to welding; the higher the aluminium
content of the solder and the higher the melting-point, the greater
the similarity.

Hard aluminium solder, also called ‘‘ Refined solder ”, consists
of from 70 to 75 per cent of aluminium. The remainder consists of
copper, nickel, silver, manganese, zinc, cadmium, silicon, cerium,
‘titanium, &c. The working temperatures lie between 1000-1165° F.
(540°-630° C.), so that in certain circumstances they approach very
closely to those of aluminium welding. Going to lower fusion tem-
peratures, however, would result in an effect which would be detri-
mental to the corrosion resistance, which is the special property
of hard aluminium soldering as compared with soft aluminium
soldering. As in welding, fluxes are used for destroying the oxide
skin, and these fluxes consist of alkaline halogens, alkali earths, and
metallic earths, and are not covered by the Griesheim patents. With
hard aluminium soldering, the colour of the soldered places is re-
tained.

As far as aluminium is concerned, hard soldering and welding
supplement one another very well. Hard soldering has an advantage,
especially for lap joints and thin plates, because of its lower working
temperature. It is simpler because holes are not so easily burned in,
and the seams have a cleaner finish. In many respects soldering is
also more advantageous than welding for alloys. However, the same
remarks apply to the forgeable alloys such as Duralumin, Lautal,
Aludur, as applied for welding. At the soldering heat they also lose
their valuab1¢ prnpemes Smce the strcngth however. is. aiwzy,s‘fﬁ
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about twice as great as that of annealed pure aluminium, and since
softening is confined to the joint, there is, in general, no objection
to the hard soldering of heat treated alloys.

In conclusion, the brazing of cast iron must be mentioned. A
large number of brazing media for cast iron is always being offered
for which it is claimed that they are suitable for the making of brazed
joints which equal the strength of the article and even exceed it.
Thorough tests of these brazing media by the Welding Research
Department of the State Railways at Wittenberge have proved the
complete unsuitability of most of them.

It is only recently that, by bearing closely in mind the properties
of cast iron, success has been achieved in the production of suitable
brazed joints by the use of a special bronze or special brass. These
joints are wrongly referred to as bronze welds. As was mentioned
in the discussion on cast iron welding processes, the carbon is
separated in the form of graphite in cast iron through which it runs
in the shape of long drawn out veins. The success of brazing is due
to the fact that this separated graphite in the cast iron is burned out
at the brazing zone, so that the brazing material, which is melted
down by the welding torch, is drawn into these hollow places by
the effect of capillarity, and in this way forms a union with the cast
iron parts, so that the strength of the joint is increased in the way
desired. In order to assist this process, a paste of iron turnings and
boric acid is employed, and this is put on to the edges of the article.
If the article is heated the paste gives off oxygen, which oxidizes the
carbon to CO,.

' By this method, the brazed places acquire adequate strength,
and they are soft and may be stressed. The strength may be in-
creased by suitable treatment by heating to a temperature of 1300-
1480° F. (700-800° C.) The formation of mixed crystals of cast -
iron and the copper zinc alloy may be obtained, and this results
in an increase of the strength properties. If the work is successfully
done, brazing is therefore to be preferred in many cases to cold
welding. '

A completely new brazing process for cast iron using cast iron
rods and a brazing solution, in addition to a paste, has led to the
same results as in high class brazing using bronze.
~+ A limitation must, however, be pointed out, namely, that success
in cast iron brazing cannot be obtained at the normal brazing tem-
_peratures, since at these temperatures pores and blisters are usually
ﬁmmed. One has to brmg the wo:kmg temperature up to almost
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welding temperature in order to obtain serviceable brazed joints.
There is always the advantage, however, which brazing has com-
pared with hot welding, and that is that the parts, which have to be
repaired, do not need to be dismantled, and a mould built round
them.

Moreover, since the quality which may be achieved is frequently
governed by incidental factors, brazing for cast iron is in many
cases to be preferred to cold welding if the work is done success-
fully, but it never reaches the quality of hot welding.

An exception is provided in the brazing of very old cast iron.
As was pointed out during the discussion on welding processes,
this is absolutely unweldable or may only be done with great diffi-
culty. In brazing, the brazing material can flow quite well into very
large veins and branches in the base material and form an intimate
junction with it. At the same time, the decay of the base metal is
not rectified unless it comes in contact with the brazing material.
Nevertheless the brazing of very old cast iron affords the only means
of realizing, to some extent, a serviceable repair on the article.



CHAPTER III
Pressure Welding

Forge Welding

Among the various pressure welding processes, forge welding
should be mentioned first. In this process the articles to be welded
are heated in a smith’s fire or by water gas, while the welding pro-
cess is carried out by forcing or pressing the members together
with a hand hammer, a steam or air hammer, or by the hydraulic
press. As fire welding, it is the oldest of all processes, and has been
carried out for centuries. Although it has been forced into the back-
ground by modern methods, since it has various drawbacks, such as
absorption of sulphur from the coke, inclusions of hammer scale,
&c., it is used even to-day in all smithies, especially for odd articles.
The process is known to every metal worker and engineer, so that
there is no need to discuss it further.

The process of forge welding is not only used for steel but
also for Aluminium. Copper may also be welded in the fire, but this
is difficult because the absorpnon of oxygen can scarcely be avoided.
The welding of aluminium is essentially similar to the welding of
steel, but the peculiarities of aluminium necessitate special pre-
cautions.*

As in the fusion welding of aluminium, the thin oxide skin
on the surface of the metal, which prevents the making of a joint,
must be removed before welding. This is done with the help
of a scraper with which the overlapped parts are made metallically
clean. Then the edges of the plate, which are to be hammered
together during the welding process, should be scraped down to
a gradual taper, since, if the edges are sharp, an early disintegration
of the joint is to be feared. The welding process takes place at a

© Holler, * Important Facts relating to-Aluminium Welding Processes. and their
Technical Imporunoe ». Autogene Metallbearbeitung, Vol. 21 (1928),
Holler, “ Dangers i in Aluminium Forge Welding ", Autogene Mctalgmrbamng
Vol m (ms), p. 113. ,
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temperature of about 790° F. (420° C.). To hit on the correct moment
is difficult, since the metal does. not change colour during heating.
Consequently pastes which become black over a temperature range
of round about 790° F. (420° C.) or copying ink pencil lines which
go white, are used as auxiliary means. Since the anvil conducts too
much heat away, it is advisable to provide welding backing pieces
which can be kept at a temperature of 570° F. (300° C.) by an auxiliary
flame. Dust, rust and grease should be carefully kept away since
they hinder the making of a joint.

The forge welding of aluminium, therefore, requires considerable
experience and skill, anrd hence its use can only be recommended
where a skilled personnel is available.

As a second kind of forge welding, Water Gas Welding was
introduced towards the end of the previous century for the manu-
facture of large pipes, containers and boilers. Because of the ex-
pensive plant which is necessary, it is limited to a few firms which
carry it out with considerable success. Since it is essentially a
machine welding process, greater trust is placed in it than in fusion
welding, especially in boiler fabrication.

In water gas welding, the heating of the plate edges, which are
to be welded, is carried out by means of the water gas flame. Water
gas is produced in a cylindrical furnace which is filled with red hot
coal, and into this furnace air and steam are blown alternately. By
blowing in the air, the coal is first brought up to white heat (hot
blow). The gas which is produced in this way is sent to waste since
it is of small value. In the following blow with steam (cold blow),
the coal is decomposed into hydrogen and oxygen. Oxygen forms
carbon monoxide with the carbon. The production of water gas,
which consists of about 50 per cent Hydrogen (H,), 39 per cent -
Carbon Monoxide (CO), 6 per cent Nitrogen (N,), and 1 per cent
Methane (CH,), is interrupted after about 5 to 7 minutes and air is
blown through for heating the coal.

The calorific value of water gas amounts to about 225 B.Th.U.s
per c. ft. (2000 kg. cal. per cubic metre). The gas is very suitable
as a source of heat since it has a reducing effect, that is, it prevents
the formation of oxides on the surface.

Water gas is usually supplied to two burners which are arranged
like a pair of pliers on both sides of the plate which is to be heated.
In these burners it is mixed with air at high pressure and this draws
in the water gas. The-mixture of gas and air burns on exit from the -

v'nozzle slit of the torch in the shape ofa pomt flame at about 3300 F
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(1800° C.). The plates which have been heated to welding heat are
then welded under the hammer or under pressure rollers which,
on large jobs such as boiler welding, are worked mechanically. The
movement of the articles is also obtained by mechanically operated
carriages or welding streets.

Electric Resistance Welding *

One pressure welding process, which was used by C. Thomsen
for the first time in 1887, is the electric resistance welding process.
It is based on the fact that when an electric current flows through
a light conductor the latter is strongly heated and the articles which
have to be joined are brought to the welding heat in a very short
time. Suitable machines are constructed which, after the welding
heat has been attained, carry out the pressing together of the articles
to be welded. In this process, the electrical energy is primarily con-
verted into heat because of the transfer resistances between the articles
to be welded at the point of contact and also to a slight extent because
of the internal resistances. Since it is possible to conduct the current
through the article in such a way that heating is only set up at the
point where it is required during the welding process, electric re-
sistance welding is considerably superior to forge welding, from the
economic and the thermal point of view. A further advantage in
electric welding is that the welding process may easily be watched, so
that the work may be delegated to unskilled workmen, and, moreover,
practically no rejects occur due to overheating of the material. In
addition, the electric welding machine is ready for service at any
time; no waiting periods are required, and it takes up relatively
little room, and does not spoil the air with carbon monoxide gas
as does the smith’s fire. With this process the old unhealthy, dirty
smith work is replaced by a clean process. '

Upset welding, spot welding and seam welding belong to the
electric resistance welding processes. A fourth process which will
be included here and which has been developed from the above is
the flash welding process. It is, however, wrong to treat it as a
division of the upset welding process, as it is a process in itself and
is based on entirely different thermal processes. The heating of the
butting surfaces is not only achieved by means of internal resistance

* Goldmann, “ The Present Position and the Further Development of Electnc
Resistance Weldin , Technisches Zentralblatt, Vol. 40 (1939), p. t

) Schroder, “ Elecmc Remtance Welding of Vanoqa Metals, Techm:clm
‘z«mm: Vol. 39 (zng), eurl
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which opposes the flow of the electric current in the article, but
chiefly by means of the arc which is formed.

It is highly important that not only can the electric pressure
welding process be used for steel, but also for copper, brass, bronze,
aluminium, zinc, and one can even weld together two different
metals such as steel with malleable iron, mild and hard steel, copper
and iron, &c.

Since articles of any size cannot be welded in one and the same
machine, but only those between definite limits of size, resistance
welding machines are unsuitable for ordinary work and only suitable
on mass production work. Expensive welding machines have to be
maintained for large and small articles, and, in addition, special
fixing jigs, which have to be used for various cases and changed,
are required for each shape of the various types of articles. The size
of the article is unimportant. A section of 0-oo1 in.2 may be con-
sidered as the lower limit for the use of resistance welding, and the
upper limit at about 110 in.2 for steel, but only about 3 in.2 for
copper, because of the considerably greater conductivity of the
latter. Up to the present, we have only discussed electric resistance
welding as compared with forge welding. As a matter of fact, electric
welding machines were only used at first for the welding of articles
having a round, square, or rolled section. Later, spot and seam
welding machines were developed from butt welding machines, and
these are used for the welding of plates instead of riveting them. As
far as the thickness of the plate is concerned the electric welding of
plates is fixed by an upper limit of about 1} in., whereas the lower
limit does not exist, and even the thinnest plates may be“joined to
one another without being burned by the welding current, as easily
occurs in welding by hand, either with the electric arc or with the
welding torch.

As compared with riveting, the advantage of electric resistance
welding lies in the fact that the strength of a complete joint produced
in this way is always greater than a riveted one, since the weakening
of the cross-section through rivet holes does not occur. With spot

" welded plates, when the construction is destroyed, fracture almost
always occurs in the unwelded metal, whereas with riveted platee it
usually occurs at the rivet holes. Resistance welding is superior from
the point of view of cost, because marking out, drilling or punching
of the rivet holes and the fitting of the rivets, &c., disappears.
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WELDING MACHINES AND WELDING PROCESSES

Since resistance welding machines have not only got to bring
the articles to be joined up to welding heat, but have also to take
care of the welding process itself, that is, the pressing together of
the articles, their equipment may be divided up into an electrical
side and a mechanical side. The electrical equipment is funda-
mentally the same as for the various processes of electrical resistance
welding, including flash welding, whereas the mechanical side
differs in upset welding, flash welding, spot welding and seam
welding, and is arranged to suit the type of article to be welded
(on the one hand articles having a solid or profile section, and on
the other hand plates).

The Electrical Equipment of Resistance Welding Machines—The
current strengths which are required for heating up the weld metal
are extraordinarily high. Lo

They amount to 50,000 Mains voltage v
amperes and more. At .
the same time, corre- A1

sponding to the low L g e Transtormar |
internal resistance of (VVI 2*5h ] | |
the work to be welded, Electrades .
through which the cur- f

— t -—

rent . p asses, very 10W Fig. 1.—Butt welding Fig.2.—Spot Fig. 3.—Seam welding
welding voltages are ne- welding

cessary. These amount Figs. 1-3.—Lay-out of resistance welding p

to 0’5 to 8 volts. Low

voltage current of this type at high current densities may best be
produced by single-phase alternating current transformers. Since
the current has always to be taken at high voltage from the existing
main or from a special current generator, a Transformer is required
for the electrical equipment of every machine, and this produces the
required welding voltage.

With a mains system using single-phase alternating current, the
coupling-in of the welding machine raises no difficulty. Figs. 1 to 3
show the layout of the connexion of butt welding, spot welding, and
-seam welding machines to a single-phase alternating current main.
With polyphase current mains, the conductors are wired between
two' phases and it should be borne in mind that, if such machines
‘are available, they should be distributed equally on the three phases
of the network in order to balance the three phases. Originally
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power stations raised objections to the coupling in of single machines
because they were afraid of disturbances due to unbalanced loading,
especially with powerful machines. To-day power stations usually
permit the coupling-in of single-phase equipment up to a load of
15 k.v.a. per phase, and recently individual stations have permitted
them for trial purposes up to 100 k.v.a,, on the condition that the
machines will be put out of service if disturbances in the mains are
set up thereby. Disturbances of this kind need not be feared. If
single-phase connexion to the alternating current mains is not per-
mitted, rotary converters will have to be installed. Since the single-
phase generators of these converters are subject to high peak outputs,
they should be carefully watched to see that they will stand up to
high overloads. In order to maintain their voltage constant, it is
advisable to provide voltage regulators. If direct current mains only
are available, the current will, in any case, have first to be converted
into alternating current by means of a generator or a single armature
converter.

Not only may various weldable metals with varying conduc-
tivities have to be welded on one welding machine, but varying
sections of one and the same metal, which frequently only differ
slightly from one another in size, may also have to be welded. Hence
fine control of the current strength, which increases with increasing
section and increasing conductivity of the metal, is necessary. Hence
every machine has a regulating device as an additional part of its
electrical equipment. Regulation is always carried out on the primary
side and is obtained by putting in or cutting out resistances. Stage
regulators with links or plugging in switches are used which permit
the current strength to be reduced to one-tenth of the maximum
output as required. Choking coils are also used, but generally only
for the welding of aluminium and brass, since they permit a fine
setting to be made, but at the same time result in rather heavy
power losses on load.

The welding current is fed to the parts of the article by Copper
Electrodes which also serve as clamping jaws for the articles and
effect the squeezing together during the upset process, as will be
shown later. In upset and flash welding machines, four fixing jaws
are provided on each butt weldmg machine. The current supply
is usually effected as shown in fig. 4 to the two lower clamping
jaws. Another design is that shown in fig. 5, in which the current
feed takes place diagonally. In this case the current is compdled to

- distribute itself uniformly over each unit of area and this is an
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advantage on uniform sections, but is a disadvantage on many
irregular sections such as railway lines, since the thin web is then
heated too quickly. In spot welding machines, the electrodes, be-
tween which the weld is formed spot by spot, are made rod shaped.
The welding tips are brought together
by means of pressure on a pedal
lever and are subjected to a contact
pressure. In some welding machines
the electrodes are made in the shape

P
/R N
Fig. 4.—Current feed to clamping jaws, Fig. 5.—Diagonal current feed to
old type clamping jaws, new type

of rollers and the plate which is to be welded is fed lengthwise
between them.

All parts of the electrical equipment are well insulated and
positioned in the frame of the machine.

The Mechanical Equipment of Resistance Welding Machines.—As
has already been mentioned, resistance machines can only be con-
structed for a definite range of operation because of the variety of
work to be welded. Depending on its shape and size, as well as on
its conductivity, there are, therefore, a large number of types of
welding machines. As was previously pointed out, they can only
be divided into upset welding machines, flash welding machines,
spot - welding machmes and seam weldmg machines, but within
these groups there are, in addition to various types, various sizes
for ordinary welding work, and always a number of special types
for definite purposes. Here we can only give a general survey.

Machines are constructed to work with either hand or foot drive
and also constructed to be semi or fully automatic. The latter types
of both kinds are, of course, only intended for pure mass production
work. In addition, the machines may be made portable, transportable
or fixed, depending on the purposes for which they are to be used.

In addition to the electrical equipment which has already been
described, the fixing jig, the upset and pressure gear, and the me-
chanical equipment are of interest since they are the main parts of
the machine. The fixing jig serves also as a device for feeding current

‘to. the wmrk JIn other words, it forms the electrodes. As was men-
A



174 WELDING PROCESSES

tioned during the" discussion of the electrical equipment, these are
designed as clamping jaws, rods or, rollers, depending on the type
- of process. Consequently the machines for the various processes
must be treated separately in the following pages, and, at the same
time, their supervision and the way in which the process is carried
out will be discussed.

Upset Welding and Flash Welding.—In addition to the large
number of special designs for special purposes; two basic types have
been developed for the welding of solid sections and rolled sections.
Machines are constructed with the opening between the fixing gear

e e L s g

Fig. 6.—Heavy type butt-welding machine of welded design with motor-driven
fixing and upsetting gear

-

situated at the top and pointing upwards, or they are fixed at the
front and lie horizontally. The latter are specially suitable for heavy
and unwieldy parts, and their location in the upset gear is facilitated
by this type of construction, but the former permits of a very simple
construction. Fig. 6 shows a butt welding machine of the hori-
zontal type, and in passing it may be mentioned that the design
here is completely welded from steel. In this design the fixing and
upsetting are carried out by means of a motor. The switchboard
may be seen in the background. ) i

In general, the following remarks may be made- concerning
operation. In the smallest machines, the upsetting is usually effected
by means of a hand lever which permits of very sensmve contml
of the work. -

With the medium s:zed machmes the hand wheel is: usual even :
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though in this case a motor drive is frequently used. With heavy
machines, on the other hand, an electrical, hydraulic or compressed
air drive is employed.

Fig. 7 shows a special design of a butt welding machme for
the electrical welding of chains. Butt welding machines have become
extremely important for this class of work. The machine is semi-
automatic.

As a rule, butt welding machines can be used for the upset
welding as well as for the flash
welding process. In these cir-
cumstances only the operation is
different.

In Upset Welding, the pieces
which have been previously ma-
chined are brought together so
that they fit well up against one
another. In spite of this, since
the contact between the two
butted sections is initially only
point contact, the current is
opposed by a high resistance at
the point of contact, and hence
the points of contact are intensely
heated in a very short time. By
skilfully pressing together the
butting surfaces, which is ren-
dered possible because of the Fig. 7.—Semi-sutomatic chain welding machine
softening of the points of contact,
the current is always finding fresh points through which it can
flow, and, because of the internal resistance of the article which is
carrying the current, the section of the butting surfaces is heated
more or less regularly to the maximum temperature at which the
welding of steel takes place. ‘When the required degree of heat
has been obtained, the articles are pressed hard against one another
so that an upset burr is formed at the welding point.

This upset burr, which cannot be avoided, is an external indi-
cation of all electric butt welds, and this is not only detrimental
to the appearance, but often impairs the quality, and hence it must
be removed by subsequent machining. .

The mode of operation in the Flash Welding process is as follows:
The articles which have to be welded are fixed in the clamping jaws
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exactly as was done in the upset resistance welding process. The
butting surfaces are brought into as intimate contact as possible,
and the current switched on. The characteristic and essential
difference between the two types of resistance welding lies in the fact
that contact between the butting surfaces is not permanent, but is
always being interrupted by a short to-and-fro movement of the
clamping jaws, so that a tem-
porary arc is formed along
with a heavy shower of sparks.
In this way, especially with
complicated sections, the but-
ting surfaces reach a uniform
welding heat at all points in
the shortest possible time. It
1s an essential property of the
arc flame which is produced
in this way, that irregular faces
are melted down and perfectly
parallel butting surfaces are
produced at the same time.
It is unnecessary to machine
the butting faces as is done
in upset welding. At the
moment when the arc is not
extinguished by the jaws being
moved towards and away from
one another, but remains
“ stationary ’, which is an
indication that uniform and
satisfactory heating has been
obtained, the articles are
brought together with a blow,
the current being switched off at the same time. In this way
all molten particles of metal and slag are forced out of the
weld zone. They form a burr round the welding section. Just
as the reinforcement was the external characteristic of articles
which had been welded by the upset welding process, so is this
burr a characteristic of the flash welding process. It may easily be
removed by hammer blows after cooling. Slag inclusions are extra-
ordinarily rare in this process. Perfect welding is assured by carrymg
the heating up to the melting-point. - . y

Fig. 8

Fig. ¢
Micro-photographs of an upset and a flash weld
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The advantage of the flash welding process, as compared with
the upset welding process, lies in the fact that, due to the * evening
up 7 effect of the sparks, even without preparation and preheating
of the butting surfaces, a uniform heating of low and high spots is
obtained, and the inclusion of slag or the formation of cavities through
gas blisters is avoided. This is of considerable importance in the
welding of heavy sections, as may be seen from figs. 8 and 9.
The flash welding process is very suitable for the welding of large
sections as well as for castings and pipes.

In addition, high grade steels may be satisfactorily welded by
means of the flash welding process. It is used in the production of

S — =
We/d Welds
Fig. 10 Fig. 11

3

7 X
Wweld Weld

Fig. 12 Fig. 13

Sow cuts Weld Saw cut

Fig. 14 Fig. 15

Figs. 10-15.—Preparation of various classes of welded articles for butt welding

cutting tools, turning steels, &c., and in order to weld high grade
steel tips on to steel of lower quality.

As compared with forge and water gas welding, both upset welding
and flash welding have the advantage that, in these processes, the
heating does not take place from outside to inside, but in the reverse
direction, so that the welder is in a position accurately to know-
from the state of the surface that the whole welding section has been
brought up to the welding heat. In addition, as compared with forge
welding, improved quality is obtained due to the circumstance that,
- with these processes, the air cannot act on the heated butted section
and hence the absorption of oxygen and nitrogen from the air is
prevented. Faulty welds are therefore’ much less frequent with
the resistance welding processes than with forge welding.

* It is necessary that the welding sections should, as far as possible,
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be the same size otherwise the lighter article is heated more quickly
than the heavier one. It is then subjected to the danger of burning
before the heavier article has been brought up to the welding heat.
If, by the choice of design, it is impossible to obtain butting sections
which are approximately equal in size, special Preparation is neces-
sary for the welding. In many cases this may be done by simple
methods. Some examples of these are shown in figs. 10 to 15.
In fig. 10 the heavier shaft has been turned for a short length with
a projection of the diameter of the lighter shaft. In fig. 11 the
welding of a shaft with a collar, and in fig. 12 the welding of a pipe, are
shown. With corner joints (L, T and - shaped articles) one of
the members is jumped up by a slight amount and the cross member
is welded to the jumped up reinforcement as may be seen from
fig. 13. This, however, is only possible with light sections. With
; 2 heavy sections small saw cuts may be made,
A o7 as in figs. 14 and 15, and these concentrate
the welding heat at the point desired. If
precautions of this kind are impossible, the
welding must be preceded by a preheating
of the heavier article which is to be brought
Fig. 16.— Preheating of 'O the welding heat. 'The preheating may
el o iferent be carried out with the machine itself if the
fixing of the two articles to be welded is carried
out, for example, as shown in fig. 16. The current is first switched
on between the jaws 1 and 2 and switched over to jaws 3 and 1, or
3 and 2, as soon as red heat is reached. Butt welding machines are
also built and these have a special preheating transformer for this
purpose, which is coupled in to the circuit in parallel with the weld-
ing transformer. If the former contingency is not provided for, the
preheating must be carried out on a special heating machine or in the
smith’s fire. In spite of all this auxiliary equipment, the process is .
useless for complicated sections such as T or U sections, or with pipes.
Its inapplicability to castings is due to the degree in which the heat
conducting conditions vary at different points in a thin section.
Whereas points in a thin section fuse, the heavier ones are still too
cold so that they do not weld together.

Special attention must be paid to the use of good fitting Clamp-
tng Jaws, and to the correct Fixing Length. The shape of the clamping
jaws must be exactly suited to the articles.. Special clamping jaws
must be provided for every shape and size. Working patterns for
every case that may arise cannot be provided and hence, in figs. 17 -

3
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to 22 a few of the types which are used for securing circular or
crosspieces are given. The arrows indicate the direction of the
butting pressure.

The Fixing Length is governed by the material and the welding
section. Good conducting material is fixed over a longer distance,
and material with a high electrical resistance over a shorter one.
If two materials of different conductivities are welded together they
must be fixed over different lengths. Provided that both sides have
the same weld cross-section, the total fixing length is generally
selected as 1-4 d. for low carbon steel, 1-2 d. for high carbon steel,
4 d. for copper, 3 d. for brass. For steel to copper the former is

Fig. 20 Fig. 21 Fig. 22

Figs. 17-22.—The fixing of circular and square articles in the clamping jaws

fixed for a length of 0-7 d., and the latter for 1-8 d. In the welding
of mild and hard steel the fixing lengths are 0-6 d. and 1-5 d. respec-
tively.

In the welding process itself, special attention should be paid
to ensure that the switching off of the current and the butting takes
place at the correct moment. With automatic machines the butting
process starts automatically at the right time. With hand-operated
machines, it depends on the attention of the workmen whether any
overheating of the weld material takes place. In this respect, it is
very easy to make a mistake. When the exterior has apparently just
reached the welding heat it is possible that the centre of the weld
section has already been overheated, since the heat is the greatest
there.

As the temperature of the welded work increases, there is an
increasing loss of heat, part of which passes to the neighbouring
parts, and. part of which is radiated in the air. This takes place to
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an extent which is greater the longer the duration of the weld, the
greater the fixing length, the greater the weld section, and the higher
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Fig. 23.—Time and energy consumptions for the butt welding of copper and
steel sections

the heat conductivity of the weld material.

These losses must be

made good by increasing the current strength in order to obtain

Welding Jaws

plate core ring.

Steel Plate Core Ring

Fig. 24.—Ghoking the shunt effect in the
welding of a closed article by means of a steel

a temperature increase up to the
welding heat. Accordingly, welding
machines are so to be selected that
their output is suitable for the
weld section and the type of
material and that as uniform 4
heating as possible is obtained so as
to avoid heat and current losses.
The graphical illustration in
fig. 23, which is given by a leading
firm of specialists, gives some idea
as to the Choice of Size of the

Machine. 1t will be seen that metals which are good conductors of
electricity, such as copper and brass, require very-thuch higher
© quantities .of energy than steel in spite of their lower welditig tem-.
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perature. Hence welding machines should not be chosen too small
for their maximum and continuous rating, and in these cases a
safety margin should be added to the values given in this graph.
Special reference must be made to the fact that in the welding
together of closed members such as rings, buckles, &c., con-
siderable power losses frequently occur. In such cases, therefore,
a greater margin must be taken for the transformer output, the
greater the welding sec-
tion and the greater the Mains T
circumferential length [
of the article. At the
same time the shunt
effect which occurs in
the welding of such
objects may be over-
come by surrounding
the article with an iron

Cooling Water
Inlét

Py

ring, as is indicated in Primary
fig. 24. This must not Sontoct
touch the article. It 1,
acts as a choking coil. %
’ | &
Spot Welding Confwctions
As is indicated by

the name, spot welding
serves the purpose of
making a joint between : - — -

metal surfaces by means Fig. zs.—Spot-weldgxlgssz;n;:l;x:: wv:th the cooling water
of individual weld spots. .

It is especially suitable for joining thin plates. Due to the fine
regulation, there is virtually no lower limit for the welding of
such plates, whereas for economic and technical reasons. the upper
limit lies at a plate thickness of about 1§ in. Just like butt welding
machines, from which they were developed, spot welding machines
are built not only for normal work, but also for the most widely
varying special purposes, but they do not attain the dimensions of
heavy butt welding machines.

-~ In Spot Welding Machines, also, two groups have been formed.
The upper electrode is either moved in a vertical direction with a
sohd uppu' arm, or the whole upper arm-is desxgned to, pivot with
‘ (&87¢) 7
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the electrode. The former construction is used more on machines
having a very large or a very small reach, since it is difficult to fit
a pivoting arm on these machines. The most .usual type of con-
struction is the latter. Fig. 25 shows the mechanical construction
of a spot welding machine of this type, and this indicates the layout
of an average machine with the water cooling shown dotted. As
may be seen the rod-shaped.electrodes are fitted in two electrode
arms, the lower one, which may be dismantled, being bolted rigidly
to the frame. The upper
arm may be swung and its
reach is adjustable. It is.
also arranged to pivot so
that it may be brought up
to the job in any desired
position.

The electrodes are
water cooled. Since the
lower electrodes have to
be changed and the upper
ones have to be lengthened
or shortened to a corre-
sponding extent by mov-
ing them, it is possible
on every machine to
lengthen the reach on the
lever between definite
; limits and adjust it to the

Fig. 26.—Spot-welding machine of the normal type o grticle to be welded. The

reach, however, is limited

since the arms are subjected to heavy mechanical stresses and

"have to carry high currents. With small machines the reach

does not exceed 20 in., and with larger machines not more
than 4 ft.

All processes of operation are effected by means of the pedal
lever. By forcing the pedal lever down, the plates, which have
becn put in between the electrodes, are first pressed together. When
the lever moves down farther the primary current switch is operated.
When the high secondary current has heated the plates at the fixed

- spot to the welding heat, powerful pressure of the pedal lever con-
cludes the welding process. When the lever is released the current
- is ﬁrst sthched oﬂ" and then the. weld matenal is telmed The
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entire welding process takes place extraordinarily quickly and only
lasts a fraction of a minute.

It is absolutely necessary for the success of the weldlng that
the welding time should be kept to within close hmlts, since, if the
welding time is too short, unsatisfactory penetration is obtained, and
if the welding time is too long the plates are burned. Therefore spot
welding machines have recently in many cases been provided with
an automatic switch. The switch ensures an absolute regularity of
the welding work and one which cannot be obtained by hand. More-

Fig. 27 Fig. 28
l l %
N
Fig. 29 Fig. 30

Figs. 27-30.—Various shapes of electrodes for spot welding

over, it ensures a reduction in the welding time, protection of the
electrodes, and considerable savings in current. Its advantages are
therefore so great that one may take it for granted that in the future
all spot welding machines will be fitted with it. The switch may
be operated either by the primary or the secondary current. The
switches are designed some as pure time switches and others as
pure maximum current switches.

Fig. 26 shows a spot welding machme of the normal type of
construction.

Further, it should be noted that scale and rust on the plates make
it mppssxble to obtain a satisfactory weld. For spot weldmg, there—
fm, only descaled plates are employed.

thk plates which are not completely clean, are cleaned with a
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sand blast or by pickling in acid. Galvanized, tinned and lead-
covered plates may be spot welded. It is also possible to weld various
thicknesses or very thin plates to a heavy backing plate, such as
a square section about £ in. thick, or to weld complete bundles of
plates together.

The shape of the weld and the choice of the welding spots must
be suited to the Shape of the Electrodes. In normal plate work and
in the welding of sections, rod-shaped electrodes with slightly coned
tips may generally be used, as shown in figs. 27 and 28. For
special cases, bent or angle electrodes are required, as shown in
figs. 29 and 30. In the welding on of studs, the lower electrode is
so made that the stud may be let into it for about 55 in., as shown
in fig. 31.  For this purpose there are a great variety of shapes of

Upper Electrode
P Upper Electrode Tip
D
No weld
Flate Flate Impression
IIIIII;"IIIII’IIIO
R . S S e
Weld Impression
Round Bar pre
Lower Electrode Lower Electrode Tip
Fig. 31.—Electrodes for spot welding for Fig. 32.—Spot welding electrodes for impress
the welding of stud-shaped articles welding on one side

electrodes, depending on the type which is required, and the figures
only provide suggestions for the way in which they,can be made.
If, from considerations of safety, a smooth surface is required, the
arrangement which is shown in fig. 32 must be selected since the
electrodes leave welding recesses behind. The loading area of the
movable electrode is large and acts on the face where the Welding
recess is to be avoided, whereas the oppos1te electrode is made
correspondingly more pointed.

Good cooling is absolutely necessary for a long working life
of the electrodes. In addition, it is necessary to clean the electrodes
from time to time with emery paper or with a light file, and to free
them from scale and' copper oxide which forms on them during
working. In spite of this, the electrodes are subjected to fairly heavy
wear, so that they have frequently to be replaced

The graplucal representation in fig. 33 gives an indication of
the approximate Time Reguired and Energy Comsumption for various
- plate thmknesaes From thm it may be seen that a weldmg time
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of one second is required for a plate of about 55 in. cross-
section. With thin plates it is possible for one workman to make
15,000 welding spots in a working shift. The figures given in the
graph only apply to accessible articles. For inaccessible welded
articles, such as cylinders, buckets and pipes, there are several
important retarding factors so that corresponding margins must be
added to the figures. In addition, in spot welding, the energy con-
sumption increases with the increasing reach on the electrode arm.

KWhr

.

Energy Consmllptlon KWhr
3

Welding Time - Secs./Spot
3

L

e
e
Z

*. P L4
SINGLE PLATE THICKNESS

Fig. 33.—Time and energy consumption on spot welding

It is therefore advisable not to choose the reach of the arm greater
than the shape of the weld entails. A short leverage is also desirable
because the mechanical stress increases with the length of the arm.
Finally the output is affected by the amount of iron which is
situated between the electrode arms. With a large quantity of iron
welding requires a greater amount of energy than with a small
quantity. The curves in the figure, therefore, only apply for a
medium reach of the electrode arms and if no large quantity of iron
lies between them. On the other hand, the thicknesses of the separate
plateés have no influence on the welding time. This is determined
hy the total plate thickness.

The amingement of the welding spots may be as desired. Asis
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required by the design of the welded work, the welding spots may
be arranged in a row as in riveting, or in several rows, or they may
be staggered, so that we have series, chain, or zig-zag spot welding.
Seam Welding.*—In addition, with spot welding, continuous
seams may be made by letting the weld spots overlap one another
so as to get water-tight or oil-tight joints. The process, however,
is costly. For this reason the spot electrodes have been replaced by
roller electrodes, by which means the welding speed is considerably
increased. In this way Seam Welding Machines were developed from
spot welding machines. In by far the majority of cases the rollers
are driven mechanically. In other respects the construction of seam

Fig. 34.—Seam welding machine for the welding of heavy members

machines is similar to that of spot welding machines. Fig. 34 shows
a seam welding machine of this type. Instead of two rollers, which
are fixed like the rod electrodes, one in a fixed and the other in a
movable electrode arm, only one roller is used in the upper arm,
whereas the lower arm is constructed in the shape of a rail. The
article remains stationary on the lower arm during the whole welding
process, svhereas the upper arm, which is guided in a sliding carriage,
guides the roller step by step over the seam which is to be welded.
When the work is finished, the roller returns to its initial posmon
at an increased speed and without carrying current, This arranga- :

« Conoemn? the Present-day Position of Elecmc Rcsimm Sam :
Weldmz ” Teehmw mlbiaa Vul. 39 (1929), p. 37. : L
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ment is preferred for very large and very small runs of weld. A
machine of this type is shown in fig. 35.

In general, there is a large number of special types of seam
welding machines depending on the class and size of the article,
and these cannot be discussed in greater detail here.

Although the idea to replace spot electrodes by rollers in order
to obtain a continuous seam may appear easy, it is difficult to carry
out the process. Seam welding machines had to pass through a
long course of development before these difficulties were overcome.

The Driving of the Rollers and the feeding of the current has
been achieved in a great
variety of ways. The rollers
were originally moved con-
tinuously while carrying
current, and later with
single interruptions in cur-
rent, or they were allowed
to remain stationary for
a time with the current
switched on and then moved
on further with the current
switched off. In many
cases, backward movements
of the rollers were arranged.

Eventually a return was & 35 Seam wﬁm o with travelling roller
made to the original way
of guiding the rollers. The reasons for this were as follows.
~ The rollers have not only to carry out the welding process, but
they have to feed the plates forward. On account of this feeding the
base material is torn. When the rollers were originally fed forward
with the current continuously on, the following undesirable state of
affaifs was encountered. Since the base material did not cool quickly
enough a hot spot remained behind the seam, which had just been
.presscd together by the electrode, and, under this tearing action
called into play by the feeding, the spot was easily tofn apart again.
Going over faulty places of this kind for the second time is not only
expensive in time but useless, because the place has usually acquired
an oxide skin due to the influence of the air, and this hampers sub-
sequent welding. In addition, the same phenomenon which has
already been mentioned in spot welding occurred, namely, an arc
formed, whxch causes holes\to be burned in 1f the- electrode is




188 WELDING PROCESSES

lifted from the welded spot while carrying current. The seams
were extraordinarily bad if the surfaces of the plate were not very
clean. An increased heat development then resulted which favoured
the fracture of the seam. At the same time rapid fouling of the
rollers occurred.

For this reason a change was made so that the seam welding
process was as similar to the spot welding process as possible. With
this process, better results had been achieved from the beginning
and the seam was made in a similar way by means of separate spots
by allowing the roller to stand still for a short time during the passage
of the current and during the welding process. After a single weld
had been made the rollers advanced one step further with the current
switched off. The process is known as * Step Welding”. As a
matter of fact, the process introduced a considerable improve-
ment in the welded joint, but it was accompanied by losses in
time. The welding output, as compared with the original process,
was decreased. At the same time, even to-day there are a large
number of seam welding machines built on this principle. A sub-
sidiary of step welding is the “ Step by Step ’ Welding Process in
which the rollers are allowed to advance for a distance forward with
the current off so that the plates are pressed together. The rollers
then change their direction of movement and weld with the current
on, passing backwards over the length which has just been traversed.
By means of the following forward movement which ‘takes place
and which is made with the current switched off, the welding place,
which is still warm, is again traversed and compressed, after which
the process is repeated. A great deal has been expected from this
process and it has done excellent work, but in spite of this it has
not been adopted to any extent in practice, because the weldmg
output was lowered still farther than with step welding. It is only
mentioned here for the sake of completeness.

Other improvements which were used to carry out seam weldmg
by means of individual spot welds: have not led to any practical
results.” Among these attempts has been welding with a uniform,
Continuous Travel Roller, but with a rhythmically interrupted cur-
rent. In this case the difficulties with the switchgear for the current
interrupter were too great.

‘Using the process employing a non-interrupted current with a
continuous feed roller for the welding of thin plates, it was found
that, as the speed of feed was increased for reasons of economy from -
the usual 3-—6 ft./min. to two or three times ﬂns amount, bettzr seams
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were obtained, not worse. The result has been that to-day we have
returned to this process for thin plates. The explanation of this curious
phenomenon is to be found in the peculiarities of alternating current
in which the current during one period alternately reaches a maximum
and then falls to zero. In each period, therefore, as soon as the
current reaches the maximum value, two welding points, between
which there is a natural interruption in current by the passage of
the sine curve through zero, are made. With a feed speed of 19-5 ft.
these points are situated about ;% in. apart. Hence, with repeated
welding under natural conditions, the same result is achieved
as with a reduced speed employing artificial interruptions in
current.

In this way, seam welding has returned to its starting-point
along the path of well worked out and ingenious processes.

It should always be borne in mind that in the rapid welding
process the slightest uncleanliness of the plates or the rollers and
every variation in current or electrode pressure can give rise to
faults. The process is therefore restricted to plates up to about
18 gauge thickness, while for heavier plates up to ¢ in., it is prefer-
able to use the welding process with interrupted current.

With this process also it is well to take care to have well-cleaned
plates. The opinion that black plate or plate lightly covered with
scale can easily be welded with machines employing the step welding
process has proved to be unsound in practice. In recent times,
automatic fusion welding machines with metal and carbon electrodes
have come into competition with seam welding machines, after
successful attempts had been made with the former to increase the
welding speed by a very large amount, as compared with hand
welding. Especially for heavy plates, this type of fusion welding
is superior to seam welding.

It should be mentioned that flash welding machines, in which
the plates are fixed between two cross pieces which serve as clamping
jaws and electrodes, have recently been constructed for seam weld-
ing. These machines, however, are only likely to have a future here
and there, where large numbers of the same type of seam have to
be made on thick plates, since, because of their construction, they
are too costly. »

L (meTd) S k ' ; 7
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»The Application of Resistance Welding Processes

Upset and flash welding are chiefly used in the welding of heavy
objects, which were previously made by fire welding in the smithy.
Articles of this kind are, for example, railway buffers, carriage tyres,
vacuum brake shafts, cranked shafts, shafts provided with collars,
angle joints, and, especially where flash welding is used, for boiler
tubes, tools of- high-grade steel and for copper wire, &c. Upset
welding or flash welding has proved very advantageous in the manu-
facture of very heavy forgings such as the base rings on locomotive
fire boxes, crank shafts, &c., as well
as for chains, as was mentioned
in the description of upset welding
machines.

The application of spot welding
and seam welding in the plate
industry is extraordinarily varied,
and also in the manufacture of
sewing machines, typewriters, and
in the manufacture of arms. For
example, the following articles may
be manufactured by spot welding:
rollers, plate chimneys, steel fur-
niture, hinges, parts for locks,
cooking utensils, scoops, toys, lamp
, shades, typewriter parts, gun parts,
Fig. 36.—Electric :?;:itnl;:ater with multiple pullcy discs and mn‘y others.

In the construction of motor cars,
spot welding has quickly found a large range of application.

Seam Welding primarily serves for the joining of thin plate
which was previously carried out by riveting, folding or hard and
soft soldering. In addition to the welding together of straight smooth
plates, where strength is of no importance, pails, cans, pipes, &c.,
are welded in this way. :

’ Elec{ric Heating Machines

Electric heating machines are closely related to resistance welding

machines. Since electrical heat is suitable not only for welding
purposes, but for the direct heating of articles, butt welding machines -
ate essentnally capable of use for this purpose as, so-called electm:»
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forges. Since their use for this purpose, however, is strictly limited,
special designs have been made for individual cases which frequently
occur, such as for heavy forgings, tyres and above all, for rivets.

Fig. 36 shows a rivet heater of a recent type of construction
which may be used for heating two rivets at the same time. In order
to fix rivets of various lengths without adjusting the holding jaws,
the electrodes are separated from one another in stages. The rivet
is put in between the rivet heating electrodes by pressing on the
pedal lever. It is in the control of the operator to heat the rivets as
he wishes, that is, he can heat the end of the stem to a welding
heat or he can heat the stem and the head to a welding heat, and so
on, or he may interrupt the heating process at any time and start
it again.

Circulating water cooling is usually employed for cooling the
electrodes. In the rivet heater illustrated, natural air cooling is
provided in order to make it independent of water inlets and
outlets.

Electric forges save coal and material and ensure a 9o per cent
consumption of heat as compared with 10 per cent in the smith’s
fire.



CHAPTER IV
Aluminium Thermit Welding

The process, which is referred to as aluminium thermit welding
or after its inventor, as Goldschmidt thermit welding, is based on
the great affinity of oxygen for aluminium. With oxygen, aluminium
forms alumina and is obtained from this material by means of heavy
electric currents with the high formation of heat and the separation
of oxygen. Conversely, aluminium combines with oxygen to form
a hot slag, artificial corundum, and temperatures of about 5500° F.
(3000° C.) are developed when finely divided metallic aluminium

- is mixed with iron oxide and the mass ignited. The pure wrought

iron, which is set free by the oxygen from the iron oxide, separates
out underneath the slag.

Goldschmidt used this reaction in developing a special welding
process. Depending on whether one employs the hot molten steel
for filling up a weld or the hot slag for fusing the butting surfaces of
two articles which are to be joined to one another, which have then
to be pressed together and welded by means of a pressure jig, one
has to deal with fusion welding or with pressure welding. For special
purposes a combination of the two processes is used.

For this reason aluminium welding has not been treated under
the fusion welding and pressure welding processes, because it has
no great similarity to either. This special process will now be dis-

“cussed separately.

Thermit.—The mixed mass which was mentioned above, con-
sisting of iron oxide and divided aluminium, which is used for
carrying out the aluminium thermit process for welding purposes,
is supplied under the trade name ‘‘ Thermit ”. It is neither ex-
plosive nor inflammable, and it may be heated to red heat with-
out igniting. A distinction is made between ** Black ", “ White ”
and “ Red ” thermit, However, this nomenclature has nothing
to do with the appearance of the three kinds. . The only difference

‘between the kinds is that, depending on the purposes for which .
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they are to be used, they provide a more or less pure iron or more
or less heavy flowing slag. ‘ Black ”’ thermit is for repairs and rail
welding, ‘“ white ’ thermit only for heating articles, *“ red ’ thermit is
used for the butt welding of pipes. Consequently, in * white ”
thermit the slag is heavy flowing, and in “ red ” thermit the iron
is of low purity.

The composition of thermit corresponds to that of a mild steel
with a strength between 20 and 24 tons/in.2. One lb. of thermit
supplies  lb. of iron, and } 1b. of slag. The quantity of molten iron,
however, may be increased by the addition of small spheres of iron,
and its mechanical properties may thus be influenced. At the high
temperatures which the thermit develops, additions of this kind
may be permitted up to 50 per cent of the thermit mass. The addition
of ferro-manganese, ferro-manganese silicon, and Spiegeleisen give
the thermit greater density and a composition which is more like
steel. The temperature of the iron which is obtained from mixtures
of this kind is naturally lower than that from the pure thermit iron.

For igniting the thermit an ignition mixture is supplied. A
quantity of ‘1 to ‘15 oz. of this is sufficient for starting the reaction
of as large a quantity of thermit as is desired.

Welding Plant.—The equipment which is necessary for thermit
welding is relatively simple. It consists of a so-called special crucible
or tapered crucible, which is also termed a tapping crucible, in
which the thermit is ignited, and, when pressure welding is employed,
of a clamping and pressure jig which is arranged to suit any given
purpose. Both sorts of crucible consist of a steel plate casing which
is lined with magnesite. Special crucibles are simple plate crucibles
in five sizes from 3 to 45 1b. The taper or tapping crucible is supplied
in 12 sizes from 55 to 750 lb., as shown in fig. 1. Fig. 2 shows,
enlarged, the tappihg hole of the crucible which is ready for welding.
At the base a magnesite block d is fixed in which is situated an inter-
changeable thimble which contains a hole for the tapping pin f.
Sealing is effected by means- of a sealing plate ¢, under which is
placed an asbestos disc 5. The tappmg pin is so fixed that it does
not touch the asbestos disc. The iron plate is secured by a light
blow from a hammer shaft, and on the top of this is placed a layer,

+z to § in. thick, of coarse dry magnesite sand or powdered artificial _
corundum. The thermit is then put, in, and on the top of this is
sprinkled as much of the igniting mixture as will go on the tip of a
knife. After the ignition a plate cover 4 is put on. When the thermit
mixture has been decomposed, and this requires about 10-20 Sec.,
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the pin f together with the pin lever g is raised, so that the thermit
iron can flow out, followed by the slag.

In special crucibles, emptying is achieved by tilting the crucible
so that the slag flows out first, followed by the iron. The clamping jigs

Fig. 2.—Tapping opening on
Fig. 1.—Taper crucible for thermit welding taper crucible

a, Magnesite sand; b, asbestos plate; c, steel plate; d, magnesite block;
e, tapping thimble; f, tapping pin; g, pin lever; A, plate cowl.

which are required in pressure welding will be described during the
discussion on the application.

Making the Aluminium Thermit Weld and its Uses

Aluminium thermit welding has been used in:

1. The repair of steel castings, iron castings, and forgmgs

2. The building up of rollmg mill journals.

3. The butt welding of pipes, bars, &c., and the local heatmg of
steel structural members.

4. The welding of rails.

Small flaws in castings, such as blisters, holes and faults in
appearance, may be easily removed in the way indicated in fig. 3
by using a special crucible. The slag must be carefully removed
and the article well heated. The hot thermit iron melts the faulty
places and cools down, making an excellent joint with it. For large
repairs aspecial crucible is preferable. For example, gear wheels
are welded in the manner shown in fig. 4. The middle tooth
shows the preparation, the left~hand one the welding, and the right-
hand one the finished job. In addition, pressed supports, anvxl
“blocks, &c., are wélded. _

If two fractured pieces are to be welded together, the fracmmd :

» ‘\
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surfaces must be carefully cleaned and the fracture itself so widened
that room is made for the intermediate cast. In addition to
strengthening the weld zone, the thermit iron should form a rein-
forcement or strap round the fracture. Consequently a surrounding
cast is made from 4 to 2 in. thick.
The mould which has to be made
consists of refractory sand, which

Wit s,

Fig. 3.—Repairing small flaws in castings Fig. 4.—Repairing a pinion

should be carefully dried. The process may be seen from
fig. 5. The process has been used particularly on ship repairs.
For example, the stern posts of ships are welded in this way.

The aluminium thermit process has the same advantages in the
repair of castings as the hot electric welding process, since with
both processes broken amcles, or those which are no longer useful,
may be repaired. There is, however, the draw-
back, as with cold electric welding, that the
transition zone of cast iron and thermit iron
becomes very hard, and is therefore difficult to
machine, because after the original heating of the
article relatively rapid cooling takes place after
casting. The low silicon content of the cast iron Fig. 5. — Welding of
and the high manganese content of the thermit articies made of plate
iron intensify this effect still further. In alu-
minium thermit welding there is also the danger, which exists to a
greater extent than in cold electric welding, that, due to the local
heavy heating durmg casting, especially if the article is not preheated
sufficiently, stresses are set up which result in the formation of
fresh cracks on cooling. Consequently it is seldom used for the
repair of castings.

The thermit heating process has also_ been used for tenswmng
slack diagonals in bridge construction. . .

Aluminium thermit welding has found by far its greatest use in
the welding of railway lines, especmlly those of electric tramways,
,but reoently, to a A very largc extent, in permanent-way work.. The
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rail joint is the weakest point of the whole construction, and this is
the cause of the greater part of damage to track. Since one is de-
finitely limited in the length of rails because of methods of manu-
facture and questions of transport, in order to reduce the number

Weld plate

Gap

Figs. 6~10.—Rail welding with the combined processes

of joints, several rails have been successfully welded together by the
aluminium thermit process. A combined process of pressure and
fusion welding is generally employed, and less frequently the fusion
process is used if the rails have already been laid in concrete. In
the combined process, the quantity.of thermit is so measured that
the molten thermit iron only flows round the bottom flange and

Figs. 11 md 12.—Clamping jig for rail welding
!

the web, and on cooling forms a strap round these, while the hot
slag softens the top flange, as may be seen from figs. 6 to 10. At
the same time, the welding of the top flanges, with an intermediate
layer of ‘mild iron, is carried out by butting the two together with
the clamping jig shown in figs. 11 and 12: It is necessary to pre-
heat with benzine. The process cannot be used for rails which
Have already been laid in concrete. In this case a cast is put round
the bottom flange and the web only, by means of the fusion process.



PART II.—APPLICATIONS AND
TESTING OF WELDED JOINTS

 CHAPTER 1
Introduction

The newer welding processes, in addition to replacing the older
pressure welding and forge welding processes, as well as brazing,
have principally replaced folding, riveting and screwing for the
joining of plates. In addition, they make it possible to manufacture
objects in welded steel construction which were previously made
as castings.

The process of welding will clearly only be adopted for cases
.where advantages are to be achieved. The rapid and many-sided
development of welding technology proves that this is the case in
almost all fields of engineering. On the one hand, manufacture
is cheapened in most constructions and consequently larger econo-
mies are obtained with the new process without the quality of
the product suffering thereby. On the other hand, savings in
weight, which are of considerable importance, may frequently be
realized. The quality may even be improved. Many objects manu-
factured by welding are less sensitive in service to stresses and wear
so that the maintenance costs are reduced.” Repair work will always
be easier than formerly and many repairs only became possible with
the introduction of welding.

Naturally the advantages of welding are not equally great in
- all the various fields of application. In every case, they will be
increased the more the welding construction suits the peculiarities
of the weld seam. The new technology has created a large number
“of new possible solutions. At the same time, it has introduced new
* problems and new conditions for those who are “carrying out this
wotk Numemus mistakes have been due to-the fact that rxveted

L 197
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designs were adopted and used for welded constructions without
being modified and at least as many mistakes have been due to the
welder, the works engineer, and the accepting official not being
sufficiently conversant with welding technique.

It is therefore a primary necessity in welding that a skilled
personnel should be employed which should be entrusted with all
matters pertaining to this work. The designer must know how he
should position his welds and what process he ought to select so
that high quality may be obtained and large savings in material and
working time may be achieved.

The works engineer must primarily be capable of making the
correct choice of equipment and machines and of taking great care
in their maintenance. In many cases the local conditions will have an
effect upon what equipment and what machines are to be preferred.
In addition, the works engineer should supervise the work of the
welder and be able to give him the necessary advice. In many cases
he may have to train welders himself because of the present scarcity
of good welders. It cannot be admitted any longer that a welder
should be left to himself as was previously possible. Now that the
welding of the most difficult designs has been undertaken, skilled
works supervision must be specified as the principal requirement
for the success of the process.

The accepting engineer must primarily be in a ‘position to judge
the welding work which has been supplied. This is more difficult
than with any other job because very frequently, with a finished weld
seam, one cannot judge the internal state from the external state.
The seam may appear very good externally, but inside it may con-
tain various faults such as bad junctions, slag inclusions, hollow
spots, burnt spots and insufficiently welded places, &c. In these
circumstances, a bad weld forms a much greater source of danger
than a badly fitted rivet, since bad welded joints frequently hold out
for a long time in service and deceive one as being well made and
then perhaps, after years, give rise to an accident. Consequently
testmg methods are of considerable importance in weldmg engin-
eering,

Dueto the extraordinarily rapid development of welding pro-
cesses, too small a number of suitable and experienced engineers is
available. - Luckily, High Schools, as well as Technical Schools,
have energetically taken up the training of welding engineers in-
recent years, so that it is to be hoped that this shortage will be re-

;nwvedmthenearfumre AR
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Of equal importance to the training of an experienced body of
engineers is the care which should be taken in guiding the Training
of the Welder into new channels. One must be on one’s guard against
entrusting work, for which extraordinarily high quality is demanded,
to unsuitable people. In general new welders to-day are taken from
the ranks of metal workers and scientifically trained in works which
have considerable experience and a suitable personnel available.
Many have been trained, both practically and theoretically, by the
training courses which have been established in recent years, e.g.
those of the Verband fiir autogene Metallbearbeitung (The
Association for the Autogenous working of Metals), in various towns
and firms, in the State Railways, and in technical schools. In order
to keep away unsuitable personnel the Gesamtverband Deutscher
Metallindustrieller (United Association of German Metal Indus-
trialists) in conjunction with the Fachauschuss fiir Schweisstechnik
(Technical Committee for Welding Technology) of the Verein
deutscher Ingenieure (Association of German Engineers) and the
Verband fiir autogene Metallbearbeitung (Association for the Auto-
genous Working of Metals), has formed a new working Committee
for the training of welders, which is to set up standards for the train-
ing and testing of welders in order to obtain a uniform basis on
which to work. '

The ultimate aim of the Working Committee is to introduce
manual instruction during apprenticeship years. This has already
been started with success in various places. This procedure, how-
ever, is to be regarded as a goal of the future. Neither during the
present nor in the next few years will the large requirement in:
welders be adequately covered, in addition to which there are, at
the present, certain difficulties in the carrying out of the evolved
plan because of the old rights of trade unions. For this reason the
deficit must first be made up from the ranks of allied tradesmen.

From the regulations which are shortly to be expected, the
accepting party will not only be provided with a means of keeping
away unsuitable contractors and welders from highly responsible
jobs, but a movement will be started in the direction of uniform
conditions for all works which are engaged on welding work.

i



CHAPTER II

The Application of Welding Technology

Before we discuss in detail the quality of the weld seam and the
economic advantages of welding, it would appear advisable to give
a short survey of the field of application. In this way it will most easily
be seen that the advantages of welding technology are of the most
varied kind. In many cases the high quality of the product will be
important, as this ensures high strength or long life. In other cases
cheapness of production will be the deciding factor or the savings in
weight which have to be made will afford some special advantage.

The following examples and the diagrams which are included
cannot be considered as exhaustive among the extraordinarily large
number of applications of welding. We will, therefore, refer to the
*“ Ausgewihlten Schweisskonstruktionen ” (Selected Examples of
Welded Construction), published by the V.D.I. Verlag, which are
appearing as a continuous series, arranged according to the fields
of application, and which contain a large number of important
examples.

The first field to be occupied by weldmg was Repair Work.
Even to-day it is far away the most important application, and one
which provides the greatest economic advantages, and in which
welding has become almost indispensable. Savings are primarily
to be found in the fact that a large number of fractured, cracked and
worn parts may be made serviceable at low cost and restored to their
full value. Repair work is carried out to-day either by welding up
fractures which have been well cut out, as shown in fig. 1, or by
the welding on of patches or by building-up welding. The last
method serves for filling up corrosion seams or for the strengthening
of worn machine parts such as trunnions, shafts, guide blocks, &c.
By means of building-up welding, and by the use of a hard welding
wire, one mmay simultaneously ensure that the abrasion strength of
the repaired article is increased, and hence wear is kept within
~narrow limits. The cross head guide shown in fig. 2 will serve as
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an example. Frequently, to-day, a new member is provided with
a hard built-up surface of this kind, as, for example, the cutting edge
of excavator shovels, &c.

Another field in which welding has been used from the early
days is in the Construction of Containers. The advantage which is
afforded in this field by welding is generally to be found in the eco-
nomic production of the joints which may be made more cheaply

Fig. 1.~Welded tyre on a locomotive Fig. 2.—Abrasion resisting built-up
weld on a cross-head guide

by welding than by riveting. In addition, however, for containers
for liquids, gases, and steam, it is due to the fact that a good weld is
absolutely tight and remains tight, whereas a riveted seam fre-
quently gives rise to continuous maintenance. Welded containers .
of this kind are welded in the smallest sizes, as for tipping skips, up
to the greatest sizes, such as gas holders. Welding is almost entirely
used for containers for the chemical industry, and stainless steel,
copper, or aluminium are generally used in order to prevent destruc-
tion from external influences. Welded seams may also be made
remstant to rusting. (See figs. 3 and 4.)
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The same remarks apply to the manufacture of pipes. Welding
makes it possible to make simple welded connexions which are
easier to keep tight than spigot and flanged joints. For branches

Fig. 3.—Welded boiler for the chemical industry

"

it is unnecessary to turn to expensive castings. (See fig. 5.) Erection
is considerably facilitated and simplified.

In Pipe Welding, the best workmanship is absolutely necessary.
This is difficult since, on the one hand, welding has to be carried

Fig. 4—Welded copper vessel for the chemical Fig. 5.—Shaped pipe
industry

out in all positions, both in the vertical direction and overhead, and,
on the.other hand, the running through of the filler material must
be avoidéd, since in this way the pipe cross-section is reduced and
resistances to “flow are set up. Disintegration and erosion are
favoured by the so-called welding *“ rag ” in the pipe. A large piece
of work in the field of pipe line construction is the long distance gas
line from the Ruhr to Hanover. The experience which was obtained
with a large piece of work of this kind led to the drawing up of
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“ Richtlinien fiir die Herstellung von Schweissverbindungen von
Gasrohrleitungen von mehr als 200 mm. Durchmesser und von
mehr als 1 atii Betriebsdruck ” (Draft Specification for the manu-
facture of welded joints for gaspipes of more than 200 mm. diameter
(8 in. approx.) and more than 1 atmosphere working pressure),
which are published by the Fachausschuss fiir Schweisstechnik
(Technical Committee for Welding Technology of the V.D.I.).

In addition, pipes of large size may be manufactured as welded
designs from plate more cheaply than the previous seamless type.

The Tube as a Constructional Element has acquired a further
importance because of welding. On account of its high buckling
strength, a considerable saving in weight can be obtained by tubular
construction as compared with section
construction. Further savings in weight
may be obtained by dispensing with all
connecting members. The result is
that many joints are easier to make
by welding tubes than by welding
sections.

In Aeronautical Construction, where
savings in weight play an important
part, welding is therefore being.used
more and more. (See fig. 6.)

It seems doubtful whether tubular Fig. 6—Tubular joint on an aeroplane
constructions for the building of steel
structures, such as the roofs of buildings, bridges, &c., are an
advantage since the extra cost of the more expensive seamless
tubes, as compared with the much cheaper rolled sections, cancels
it out. In this case, savings in weight are hardly likely to be a
deciding factor.

Welding has found a most extensive apphcatlon in the Con-
struction of Motor Cars. A very great opportunity is provided for
electric resistance welding, but fusion welding is also used. The
following examples may be mentioned. The manufacture of rear
axle shafts, cardan shafts, and differential -housings, the front axle,
portions of the body, such as the side members, roof, &c. Since we
are dealing almost exclusively with mass production work, flash weld-
ing and spot welding are the most important.. In addition, in the
Light, Indwtrics these processes have acquired considerable impor-
tance.

' Savmgs in weight and cost may be achieved in Shtpbmldmg by
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means of welding. The Admiralty has proceeded very logically with
this work, and has progressively abandoned riveting in its con-

Fig. 7.—View of inside of a welded barge

struction. The savings in weight on this work are of considerable
importance since the storage capacity of a ship may be considerably

Fig. 8—~Welded bogie of a main-line carriage

increased for the same weight. In merchant shipping and barge work
also, welding is beginning to occupy an important place. (See
fig. 7.) S , -

It is only in recent times that we find welding being used for .
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Railway Work and for transport work. In this field, considerations
of safety make important demands so that, up to the present time,
welding has been excluded for members which are heavily stressed,
especially on locomotives. On the other hand, numerous oppor-
tunities are afforded for its use on carriages, especially since to-day
steel is being used more and more in place of wood. Figs. 8 and
9 * show an interesting type of welded construction in this field,
namely, a welded bogie of a main line carriage and a completely
welded goods wagon of large capacity. In recent years, the State
Railways have gone over more and more to the use of welding in
carriage construction, and also in the construction of locomotives.

In Steam Boiler Con-
struction, fusion welding
is still represented to a
much less extent than
would be thought from
the expectations which
are raised here. The
factors which oppose it,
and which make it more
and more difficult, are
that the safety of human
life depends to a large
extent on the quality . of
the welded wor k’ and that Fig. 9.—Completely welded large capacity goods wagon
this quality at the present
time may only be determined to a very limited extent after the
work has been carried out. At the same time, even in steam
boiler construction, the welding on of pipe branches, ends, and
the welding in of pipes, the welding of water drums, &c., has
been introduced. ‘

The welding together of boiler ends has been carried out by
some firms with the aid of water gas welding, and has acquired
considerable importance in the manufacture of high quality drums,
for example. The application of fusion welding, on the other hand,
was first carried out extensively abroad, and only in this country
after the straps, which were recommended by Hohn, promised
'increased safety Instead of longitudinal straps which should always
be avoided, since they only serve-to cover the main seam and prevent

3

” * The diagrams have been placed at our disposal by the Wumag und Waggon-
fabnk Uerdingen.
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examination of it, and since they subject it to danger because of
increased stresses due to the contraction of a large number of fillet
seams, H6hn uses trans-
verse straps which remove
the load from the main
seam by the introduction
of initial stresses, which
are set up during the
welding on of the strap
and further limit any
fracture which may be set
up.* A design of this
kind is shown in fig. 10.
The extent to which the
i’ig. 10.—Water separator fitted v;ith Héhn ;uy-aps for a weldmg Oi:. steam boilers fS
pressure of 30 atm. (450 Ib./in.?) and 750° F .(400° C.) al]owed mn Germany 18
governed by the ‘ Werk-

stoff und Bauvorschriften fiir Land- und Schiffsdampfkessel (Speci-
fication for material and construction for steam boilers on land
and in ships) as well as by the “ Bestinmungen iiber Anlegung

Fig. 11.~Francis turbine impeller Fig. 12.~—Casing for a chimney fan

“und Betrieb der Dampfkessel”. (Regulations concerning the instal-
lation and operation of steam boilérs) under section “ Schweissung
und Bearbeitung im Feuer, IIIs, Aligemeines IIls, Bewertung

- von Schweissnihten (Welding and work, 111, General 1IIB, Assess-
ing the quality of weld seams). Regulations for welding are also

-~ % Hohn, “ Strap Welding in Boiler Construction ', Schmelaschweissung, Vol, 8

(1929), p. 69. . ‘ RO SRR R
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given in “ Die Richtlinien fiir die Anforderungen an den Bau
von Hochleistungskessel ” (Regulations relating to the manufac-
turing requirements for heavy duty boilers).

The most numerous and the most varied opportunities of applying
welding are, of course, afforded in General Machine Construction.
The following examples may be mentioned. Jigs, bearing blocks,
drums for ropes, housings, wheels, &c. To give examples for all
these cases would be too much, and hence only ﬁgs 11 and 12
have been included.

The Replacement of Cast Iron Constructions by welded con-
structions in machine , . - ,
construction, in electrical
work, and in the manu-
facture of machine tools,
has been discussed in
detail, as a very important
field.* There is, indeed,
no section in the manu-
facture of new articles in
which greater savings in
weight and material cost
can be achieved than in
this. Since rolled steel is
much superior to cast iron
in respect of its strength
and stiffness, the stressed .
sections may be kept
much smaller with rolled steel than with cast iron, in spite of
the alternating stresses which arise in machine construction. It
should be mentioned that with cast iron the thickness of material,
for reasons of casting technique, has to be made greater than that
necessitated by the stresses to which the members are subjected.
In this way, reductions of section up to 40 per cent may be achieved
with welded steel constructions. If it is further borne in mind that
the cost of the weight of steel used, as compared with the finished
article, is about 1-3, it is possible, by replacing cast iron construc-
tions by welded steel constructions, to achieve a saving of 40 to 6o
per cent. The' manufacturing costs of the steel construction are

' appronmately equal to the machining’costs of castings.

' "‘\New Methods - for  the Comtmcuon of Machines ” Sdmelﬂdnvamng.
. Veol. 7 (1928), pp. 7and 27. . .

Fig. 13.—Large alternator casing
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The Electrical Industry has gone over almost completely to the
use of steel in place of cast iron for the manufacture of dynamo and
transformer housings as well as for their baseplates, and fig. 13
shows an example of this.

In machine-tool construction -the cast members of various
machines have recently been replaced by steel designs which, be-
cause of their greater stiffness, have the additional advantage of
increasing the life of the tool. A design for machine tool construc-
tion is shown in fig. 14.

Fig. 14.—Welded grinding machine

Welding has acquired considerable importance in Grane Con-
struction which has gradually gone over almost completely to this
type of construction.*

The welding of Steel Buildings, building roofs, and bridges may
be regarded as very promising for the future. If one previously had
scruples in departing from the proved rivet for highly stressed con-
structions of this type, the path has now been cleared by the Vor-
" schriften fiir geschweisste Stahlbauten (Specifications for Welded
Steel Buildings) D.I.N. 4100, which contain accurate data relating
to materials, welding processes, calculations, structural design, and
acceptance for buildings and bridges.

The very important advantages of welding, as compared with
riveting, in this field depend on the savings in material, weight and
work. The first is obtained by dispensing with the connecting

- * Wundram, ‘‘ Electrically ‘Welded Cranes ” Schwcmmlm:chc Mfmx des
chhmukec thralblam, Vol. 3, 1931, p. 3. 5
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pieces such as gusset plates, which are necessary in riveting, and,
in addition, the sections may be made lighter since they are no
longer weakened by rivet holes. Moreover, it is unnecessary to
make a flanged girder or a column as strong for its whole length as
is necessitated by the maximum stress which may occur at one point.
We have become independent of rolled sections and by welding on
plates to the web plate we may give it any shape we may desire
corresponding to the bending moment curve. The reduction in
dead weight, which is achieved by the savings in weight which we
have mentioned, leads in turn to lighter constructions. In this way,

Fig. 15.—Welded crane rail sz 16.—Welded ahed construction
construction

with welded designs, savings in weight have been achieved which
amount to 30 per cent of the riveted construction. The savings in
work are to be found in dispensing with marking off, drilling and
drifting the rivet holes, and in the fact that for carrying out welding,
only one workman is, as a rule, necessary, whereas in riveting, a
riveting gang consisting of two to three men is required. The
assembly of the parts is usually simpler in welding and may be
facilitated still further by the use of suitable jigs such as has been
-suggested, for example, by Schmuckler.* In conclusion, a few
diagrams may indicate the advance which may be made in steel
construction. Fig. 15 shows the simplicity of the joints, fig. 16

* Schmuckler, Weldmg Tochnology in Steel Construcuon ?, Elektroschwers-
‘ ‘umg, Vol. 1 (1g3o), p. 236. )
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the construction of a shed, in which the excellent way in which the
corners have been designed, should be mentioned, and fig. 17
shows the first completely welded railway bridge of the German
State Railways.

Fig. 17.—~The first complétely welded railway bridge of the German State Railway

Finally, we should mention that welding has proved extra-
ordinarily useful in the Strengthening of Riveted Steel Constructions,
especially of bridges, and that welding makes it possible to carry
out work without interrupting the service.



CHAPTER III

The Quality and Economics of
Welding Processes

Fusion Welding

QuaLity oF FusioN WELDING

In order to determine to what stresses welded seams may be
subjected, comprehensive tests on workshop specimens of all kinds
were carried out in the early days of the application of welding.
Reference is here made to the fundamental tests which were carried
out years ago by Hohn, Bock, Neese, Gollwitzer of the Forschungs-
gemeinschaft fiir Schme]zschweissung (Research Association for
Fusion Welding, Hamburg).* After these tests had proved that
successful welding could at last give the same, and frequently a
greater, strength than riveting, one went over very rapidly to the
use of welding in almost all fields.

There is no doubt that the quality of the weld seam in fusion
welding is dependent to a very great extent on the reliability and
skill of the welder. At the same time, the quality of the weld is not
only influenced by these factors, but also by a series of other cir-
cumstances such as the properties of the welding wire and the
peculiarities of the various processes, the position of the weld seam,
in the construction, &c. Consequently, it is necessary to deal with
these matters more closely because they are of great importance in

“the design and calculation of a construction. '

The *“ Vorschriften fiir geschweisste Stahlbauten ” D.I.N. 4100
(Beuth Verlag), (Specifications for Welded Steel Buildings) drawn
‘up by the Fachauschuss fiir Schweisstechnik, of the V.D.I., by the
Ausschuss fiir einheitliche - technische Baupohzexbestxmmungen
~ ® Bock, Maschinenbay, Vol. 1(19:5).1: 989..

. ' Neese, Stahl und Eisen, Vol. 42 (1922), p. 1001, 119z.

Nme, anknft des Vcretm deutscher Imzmewe. Vol. 68 (1924), p: r125. .
oen
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(E.T.B.) and by the German State Railway Company give infor-
mation dealing with the Calculation of Welded Joints. The Regu-
lations for Calculations may also be used for other work. For parts
which are not stressed so highly, the permissible stresses may be
chosen somewhat greater.

Examples for the calculation of V- and X-seams, butt joints
with fillet seams, lateral fillet seams, longitudinal fillet seams and
" lapped joints, have been made by Haas.* They are shown here on
pp- 213 to 215 as figs. I to Iq.

Calculation guarantees adequate safety if the process and the
material are correctly chosen, if reliable welders are employed, and
if welding can be carried out under simple conditions.

The following remarks should indicate what effect these primary
requirements ought to have on quality.

As far as the choice of filler material is concerned, it may be
assumed that the conditions for the supply of welding wire which
were mentioned on pp. 129 and 130 prescribe what values should be
obtained with various welding wires, using normal constructional
steel (St. 34 and St. 35), from a welder having average skill. In
addition, they indicate that the choice of the process is of some
importance, at least as far as ductility is concerned, since in general
with arc welding the same quality cannot be achieved, in respect
of this property, as can be obtained with gas welding.

Tests have shown the way in which the process, the quality of
the base material and of the welding wire exercise their effects.
In the Technical Welding Research Department, a large series of
tests was carried out at the beginning of the year 1931, on plates of
approximately %, 2, and § in.t in order to compare forward and
backward welding in the gas welding process.

It was shown that in respect of quality, for horizontal single run
junction welding, on plate thicknesses of % to 3 in., backward welding
is to be preferred to forward welding because of the savings in gas,
time and filler material, especially when the seams could not be
improved by hammermg

As has been known for a long time, the position of the weld seam
in thé construction has considerable influence on the quality of the
welding. Welding in an uncomfortable position, in a vertical direc-
tion or even overhead, must result in the welder’s work being of

* Haas, ““ Selected Examples in Welded Constructxon ¥ Vol 2, Machme Con-
structg;;, pp. 1 to 3. (Berlm, 1931, V.D.1. Verlag.) - '

dtke and Matting, * Comparmve Invemmnon on Fonm-d and . Back- i
‘ ward Welding *, Autogme Metal!bmrbehw Vol. 24 (xgsx), PP 159 and :75. _
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PermissiBLE STREss ON WELD SeaMs IN MACHINE CONSTRUCTION

»

Type of Loading Loading Class Perir:i’}s;gl; ISnt.r'esa
I - 57
Tension .. II 38
III 16
; I 57
Compression 11 38
I 57
Bending .. 1I 38
II1 1-6
1 475
Shear 11 3'20
111 1°30
V-Seam
a=s5+w; s 2S5.
*/3 N Il=b—(U+ k). L=1L={in.
A 4 .
< WS |4  Temsion: P, = alkr.
_z'f L.—gzji’—-]lé Bending horizontal edge in both directions:
o _ Py _ la?
=01 Mo==3"=%

)

i

Bending vertical edge in both directions:
Mz = Pyx _al'y 5.
2 6

On machined pieces, a = s and [ = b.

X-Seam
a==s5-+w + wgS 1°35.
b=l =4fin.
l=b—"(+ L).

Tension and bending formulse are the same as
for the V-seam. .

The formule given and the permissible stresses only apply to arc
welded seams made with bare electrodes, on a straight steel, with a carbon
content of not more than o'25 per cent. The use of a direct-current
welding machine has also been présumed.

(x87¢)

 Figs. 1-4. Dimensions of V- and X-Seams

218 . - 8




Cruciform Joint

Tension: ) * Y]
P, =V2(a— o1s)lks. 2 s o\
I=b—(U,+ ). AR °_ 7
Forpieces machined onthesides, -33 4

1R z
1=2b. =
If the strength of the joint is SET
the same las that of the tensizle 3 { -
piece (steel 37, kr = 22 tons/in.?), -
a = 0'85s. ’;’g “4{"

Bending horizontal edge:
Mz = f;_x = 2l(a — o15) (52 + o-35a)kr.

Roughrule: Mp= I_’;_x = 11 laskr.

If the strength of the joint is the same as that of the bend specimen
(St. 37, kr = 22 tons/in.?), a = o-3s.

Bending vertical edge:
Msp = ’_’; = o23(a — o'15) Bika.

If the strength of the joint is the same as that of the bend specimen

(St. 37, kr = 22 tons/in.?), a = 0'75"(37—17—1_-6_)' + o1s A s.
Shear: P, = 2(a — o-xs)lks\/r - #—6;
O‘Bl = &' cN = —&-'
sb’ 2al

Rough rule: Py &y 1°5 alkr.
Frontal Fillet Seam
Tension: » P —— P
P="V2(a—o1s)lks. -~ Lt sasi—~

If the tensile piece (St. 37) and the ) é

weld (kr = 22tons/in.?) are to have
the same strength, we must have in
the design of a normal seam s & s,, 80
that a & 0'7s,.

Side Fillet Seams
i, = crater =  in,
Shear: .
— (Ao —_ o
P=4(a—o xs)lks,\/x som 39
opr = P, oy = —,.
sb’ 4al
Rough rule: P = 3alkr.

If the straps and the weld are to hav’e the same stren
(St. 37, ks = 19°7 tons/in.?), in normal seams ! Ry

- Figs. 5~12. Dimensions of cruciform joint with f'ronul, and side fillet seams
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Cruciform Joint—Welded on all Sides

—

g hohopope e
Y3 P l, =§— 15 - lo.
== — Tension:
Y *-—.z' *7@ P = 2(a—o.1s)(ly + b)ks.
¢ 15 3 lpl,  Bending horizontal edge:
- 3 3 %’f MB=£;iC=(a—o-1s).
% E ? 4_? [li(s + o7a) + 0-23s*] k1.
A L *_@ s LS Rough rule:
2 L 2 Mg =~ a(bs + o-2s%) kr.
Bending vertical edge:
Mp= f_;_x = (a — o'15).

[l.(b 4 0-7a) + 0-23b*] k7.
Rough rule: M & a(bs + 0-20%)ky.

Lap Joint
de | I=b—-1—1
P 1 g
P ‘ = . Il = Ig = ybn in.
=t Tension:

5 P= 2(a — o'xs)lkr
r 3 T s\
xi»é E J I+(a+3a)
L‘"T - Rough rule for & > 4s: P = r-8alks.

If the plate (St. 37) and the weld (kr = 22 tons/in.?) have the same
strength, a & 0655 for @ = 4s.

Cruciform Joint Welded on One Side

| 5 Bendmg (seam on tension side; surface of
A joint machined):

g M-
= [(a - o'u)(i + o-35a) + :—;]lkr-

Rough rule: Mz = o-83alskr.

Bending (seam on the tension side; surface of joint unmachined).
Rough rule: Mp = o*3alskr.
Bending (seam on the compression side):

- . Pyx _ la-—ou)'
2 LT——'

-+

Figs 13-19. Dimensions of a cruciform joint weld on all sides and
. . on one gide; also of a lapped side
216
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poor quality. In order to obtain some clear idea of how great this
influence was, tests were drawn up for this matter by the Welding
Technical Research Department at Wittenberge.  Electric arc
welding was chosen as the process, and, in addition, two series of
tests with § in. thick plates were carried out in order to obtain simul-
taneous comparative values between bare and covered electrodes,
and with direct current and alternating current.

With direct current and bare electrodes, angles of bend of 97°
were obtained with a horizontal V-seam, 82° with a vertical V-seam,
and 81° with an overhead welded seam. The corresponding values
with alternating current and covered electrodes were 93° with a
horizontal V-seam, 115° with a vertical V-seam, and ¢7° with a
V-seam welded overhead. It will therefore be seen that, in both
cases, by using a good welding material, values may be obtained
by a skilled welder which lie above those laid down by the
conditions of supply for welding wires. It was further confirmed
that better ductility figures could be obtained with covered
electrodes.

With reference to the tensile tests the result was different. In
this respect, the following values were obtained for the tensile strength
using direct current and bare electrodes and refer to the strength of
~ the unwelded plate: 100 per cent for a horizontal V-seam, g4 per
cent for a vertical V-seam, and go per cent for a V-seam welded
overhead. With alternating current and covered electrodes the
values were: go per cent for a horizontal V-seam, go per cent for a
vertical V-seam, and 66 per cent for a V-seam welded overhead.
The individual values of the range of tests with alternating current
showed at the same time a greater variation than the series of tests
with direct current. This may be due to the fact that the welder
who was skilled in the use of bare electrodes and carried out ex-
cellent work with them did not possess as much experience with -
covered electrodes. Later comparative tests, carried out by a special
welder with covered electrodes belonging to a special firm, however,
did not give very much better figures.

In any case, the conclusion may be drawn from these tests ‘that
there exists no reason to depart from the use of bare electrodes with
steel of boiler plate quality (St. 37), as far as the strength and tight-
ness of the joint are concerned. For overhead welding, the light
flowing covered electrode must be classed as definitely unsuitable.
For welding in the horizontal position, it requires a welder who is
well versed in its use to meet the slightest difficulty which would

i ; .
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impair the quality of the welding because the slag is difficult to drive
out, whereas with seams which are slightly inclined or vertical
it easily flows away, so that with seams of this type better figures
may be obtained.

The breaking tests were extended further to longitudinal fillet
seams. With direct current for seams welded with bare electrodes,
the shear strength for both horizontal and vertical welded seams lay
well above that specified, which, according to regulation, should
amount to 152 tons/in.2. With alternating current and covered
electrodes only the vertically welded specimens were satisfactory.
The horizontally welded specimens showed reduced penetration
and slag aggregation at the root of the seam.
~ Finally, breaking tests were carried out on lateral fillet seams.
In this case, the horizontally welded specimens, using direct cur-
rent and bare electrodes, were excellent, and they almost all broke
in the parent material. The overhead seams, which were welded
under identical conditions, also showed that they were fit for
service. The vertical seams, on the other hand, showed that, on the
average, they satisfied the requirements, and in this respect it is
worthy of note that the seams which were welded from the top to
the bottom were better than those welded in the opposite direction.
With alternating current and covered electrodes the figures in all
cases were below requirements. They were extraordinarily low in
‘the seams welded in the horizontal direction.

These results, therefore, show that seams may be welded over-
- head without further consideration. In the calculation of these
welded joints, however, it must be borne in mind that their strength
is less than seams welded in the horizontal or vertical position, and
this is of greater importance if the work is not carried out by specially
skilled welders.

It was fundamentally proved by these tests that a sound weld
seam always guarantees greater strength than a riveted seam in
which it is customary to reckon on a strength of 6o to 65 per cent
of the plate strength.

As long as welded constructions were being dealt with in which
only normal tensile, compressive, or bending stresses occurred, one
was satisfied with these results of adequate strength, as compared
with those in which the weld metal possessed a high degree of
deformation in the cold condition. The view has frequently been
expressed regarding low ductility, especially with arc welding, that
this was less important than the strength, since with a seam having

v
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sufficient strength, the elongation was taken up by the adjacent
base material itself.

Since one has gone over, in recent years, to the welding of con-
structions, especially boilers, which are subjected to rapid alter-
nating or impact stresses, under which the weld seam made by
former methods and previous practice is very brittle, one has to
be careful to satisfy these requirements as well. -

In addition to raising the low ductility, the notch impact value
of the weld metal which was previously almost non-existent, had to
be increased to a value which would satisfy all requirements. It has
always been possible with fusion-gas welding, in which a normal
welded joint always possesses an impact value of go to 140 ft. Ib./in.?
inside the weld seam, to obtain a satisfactory impact value and
elongation by subsequent annealing. This has the effect of refining
the coarse structure which is less resistant to impact. Since it is
impossible, however, to anneal unwieldy parts complete in a suitable
furnace, the subsequent annealing was usually carried out by going
over the finished weld seam with the flame of the welding torch.
This may result in the danger that overheating of the weld material
may take place and greater stresses may be set up in the article.
From tests carried out by Buchholz * it has been shown that, on
V-shaped welds, it was sufficient to weld on the underside, and on
X-shaped welds it was sufficient to apply a thin top run on one side
of the plate in order to obtain an annealing temperature, which
resulted in an increase of the notch impact value to 550 ft. lIb./in.2,
For both methods of welding, it is preferable to use the backward
welding process to the forward welding process, since, due to the
higher welding speed which may be obtained with the former,
satisfactory heat treatment is obtained, whereas the slower forward
welding leads more easily to additional overheating of the weld metal.

For weld seams which are made by arc welding, nothing can be
achieved by this method. It is true that with this process the puttmg
down of the top run results in a normalizing of the lower runs, in so
far as the structure is refined by the heat treatment, but pores which
are unavoidable in welding with bare electrodes, remain behind,
or slag‘which usually occurs with the majority of covered electrodes
is left instead. The notch impact value of an electrically welded
seam is essentially lower tham one welded with acetylene. With
bare electrodes it amounts to scarcely more than 70 ft. Ib./in2

- ® Buchholz, “ A suitable autogenous welding process for boiler md conmner '
construction ’, Die Wérme. 55 Sahrgang (1932), No. 22, p, 365. ’ :
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Lightly covered electrodes behave similarly. The annealing of a
seam of this kind generally results in an even lower value, generally
about 35 ft. 1b./in.2, which is only half the above figure, so that
one is scarcely in a position to speak of notch impact value at all.

The obtaining of a notch impact value of 460-550 ft. Ib./in.%
as is required for constructions which are subjected to rapidly alter-
nating or impact loads, is entirely a question of electrodes. As was
mentioned in the Section on ‘“ The Welding of Steel ” in the first
part of this book, it is only recently that there has been any success
in the manufacture of electrodes which fulfilled all requirements in
respect of notch impact value. Such electrodes are the heavy coated
electrodes. With these electrodes, success has been achieved in
that the structure of the weld zone, as well as the transition zone of
the seam, is absolutely identical with the base material. Their use
is, therefore, always to be considered where high notch impact values
are required.

ECONOMICS OF FUSION WELDING

The total cost of a weld seam consists of:

Wage charges.

Costs of filler material.

Power charges (gas or electric current).

Supplementary charges (plant charges, interest, depreciation,
transport charges, &c.).

We will first discuss how the costs of welding compare with the
costs of riveting, since this is of primary importance for the applica-
tion of welding.

Instead of the costs of filler material for the welded seam, we
have for the riveted seam the material costs of the rivets and the
overlapping and cover plates or the necessary gusset plates or angle
irons, which are required for joints of plates which are bolted to one
another or which abut against one another at a corner.

Strelow has made detailed researches into the cost of a welded
seam as compared with a riveted seam.* The result may be seen in
figs. 20 and 21, Values were obtained from electric welding in
shipbuilding and consequently they cannot unconditionally be
adopted for other types of application. However, they form a good
basis for calculation, since the special conditions operating for the

" *'Strelow, “ Maschinenbau ”, (6) (1927), pp. 549, 610, 664.
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individual fields of application primarily- affect the wages costs,
whereas material charges, power charges and supplementary charges
on the other hand will in general only differ from one another
to a slight extent. Additional charges will be added to the wages
charges in welding, for example, in boiler construction where high
strength and tightness is required from the weld seams or where
welding has to be carried out under very difficult conditions. On
the other hand, the wage charges will be lower when welding can
be carried out at the welding bench or at least in a comfortable
position.
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Fig. 20.—Summary of the costs of a riveted seam (2 row staggered rivets) and a welded seam

In any case, the curves given in figs. 20 and 21 show that the
total cost of a riveted seam is considerably higher than that of a
welded seam of corresponding strength.

The saving in material is the decisive factor in welding, and this
can be made more effective the more regard is paid in design to the
peculiarities of welding. On the other hand, the curves in fig. 20
show that the wages charge in riveting is only higher than that in
welding for plate thicknesses up to about § in. and afterwards is -
less than the welding charge. This may be explained as follows:
In welding the only items with which we have to deal are the marking-
off of the plates, cutting, tacking and welding. In riveting, on/the
other hand, we have to deal with the marking-off of the plates,
drilling, countersinking and drifting of the rivet holes and the rivet- -
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ing, and in certain circumstances also with the bevelling of the
edges of the plate and caulking of the seams. In addition, riveting
requires three sets of equipment for the operations, namely, rivet
heating, holding-up and hammering equipment, as compared with
one set of equipment for welding, and this necessitates the co-opera-
tion of several men as compared with one welder.

This extra work in riveting is offset, however, on thick plates,
since, in the welding of these, a longer time is necessary for the
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Fig. 21.—Total costs of various types of riveted and welded seams

filling-up of the weld groove which increases in depth and width
with the plate thicknesses.

Strelow has also determined corresponding figures for fusion-
gas welding. Since the introduction of backward welding, which
has modified the conditions considerably in favour of this kind of
welding, they can no longer be applied.

Even if, as we have shown, the savings to be realized by the
replacement of a riveted construction by a welded construction are
considerable, the saving which can be made by applying welding
to many other fields is very much higher. As an example we will
compare the costs of 'a construction made by cast iron by the casting
process and one made by welding from rolled steel with one another.

Under alternating stresses, the permissible compressive stresses

(E674) , 8e
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for steel and cast iron are not widely different. For tensile stresses,
however, the permissible stresses amount to 4-15 tons/in.? for steel,

but only o-75 tons/in.2 for cast iron. Hence, neglecting the stiffness,

17 per cent of the section of cast iron is required for steel. If it is-
more a question of stiffness than of strength, the section may only

be reduced to 40 per cent. Since, however, the cost ratio per unit

weight of steel and cast iron is 1 : 3, the material charges for the steel

construction are only 40 by } = about 13 per cent, of the cast

iron construction.

In addition, we have to add the savings in wages. The wages for
welding correspond approximately to the wages which would have
to be paid for the machining of the finished casting, and which are
not incurred in the welded construction. Also the wages which are
required for moulding and casting are saved.

Finally, we have a saving of the cost of making the pattern which
may prove very expensive, especially for single castings, but even
in mass production work they have to be taken into account because
of their depreciation and storage charges. Hence the replacement
of cast iron constructions by welded steel constructions is one of
the most economical applications of welding.

A similar economic application of welding is to be found in pipe
line construction to replace screwing. A few figures will have to
suffice. A simple pipe joint utilizing a screwed sleeve costs about
29°5 pence for a pipe of 3 in. diameter for wages, material and manu-
facturing charges. A welded joint to replace it costs only 6 pence.
The savings on complxcated joints are even greater. The cost for
a bend on such a pipe amounts to 57 pence for screwing and 85
pence for welding. For a T-piece the ﬁgures are 67 pence and g pence
respectively.

Briefly therefore we can say that, to realize a saving by welding,
one has to bear in mind the peculiarities of welding. The way
in which a skilled designer may influence the cost may be illustrated
by an example

A continuous fillet seam has the same strength as an interrupted
one which is half as long but twice as thick. Since the volume of
the seam increases with the square of its depth, the costs of a dis-
continuous seam are multiplied by four by doubling the height,
whereas they are only doubled by increasing the length. For eco-
nomic constructxons, therefore, the continuous long fillet seam is
preferable to the interrupted seantof the same strength which should,
only be chosen Wwhen there ‘are other reasons in its favour. =
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A careful design should also take into account the reduction in
the number of movements by adopting the correct order of welding,
and in this way contribute to a cheapening of the work.

The choice of the welding process, the filler material and the
position of the weld is of much greater importance for the economy
of welding than for attaining high quality figures. In addition, we
have to deal with the difference in cost of power (generated gas,
dissolved gas, electric current), and finally with the important in-
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Fig. 22.—Gas consumption in cubic feet for 1 foot of weld for forward
and backward welding (——)

Difference in gas consumption between forward and backward welding (~— — — —)

fluences which supplementary charges exercise, depending on the
local conditions. The varying skill of the welder, which we have not
taken into account, should also be remembered.

Forward gas welding, backward gas welding and arc welding
will now be compared. The values for gas welding were ob-
tained from the series of tests which we have already mentioned,
made by the Welding Technical Research Department at Witten-
berge, and the values for arc welding are taken from the determin-
ations of Strelow. . o

Since wage rates are different in various places, the conclusions
are not based on wage charges, but on the welding time. In the
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but the costs of these are not included. In this way the costs may
easily be determined
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oé carried out

from case to case.
Fig. 22 shows the
gas consumption in gas
welding and fig.
shows the current con-
sumption in arc weld-
ing. It will be seen
that the gas consump-
tion in backward weld-
ing is less than
forward welding be-
cause of the increased
speed,
though more gas is
required in unit time,
since work must be

larger flame. In addi-
tion, it will be seen
that, if the price " for
gas and electric ‘cur-
rent is inserted, the time costs for arc. weldmg are consxderably less.

_ If, on the other hand, the consumption in filler material is com-
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" pared from the curves given in figs. 24 and 25, it will be seen
that the backward welding curves come out better than the forward
welding curves, and this is due to the fact that, in the former instance,
the welding groove has to be made broader than with the latter.
On the other hand, the consumption of filler material is almost the
same for backward welding with gas and for arc welding provided a
V-shaped seam is used, since the size of the angle of bevel for these
two processes has to be made the same.

The time required for welding may be obtained from figs. 26
and 27. Fig. 26 shows how backward welding compares in this
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Fig. 25.—~Consumption of welding wire in Ib./ft. of weld. Arc welding

respect with forward welding. It will be seen that with a plate size
of about % in. a point is reached where the time required is the
same for the two processes. Since the difference in power and filler
material consumption almost cancel one another out, the costs of
the weld seam for this plate thickness are almost the same. For
thinner plates up to {% in. forward welding is cheaper. For thicker
plates up to § in., if welding is done in one run, backward welding,
on the other hand, is considerably superior. The savings in time for
backward welding, as compared with forward welding, amount to:

For } in. plates .. . .. .. about 22°5 per cent.
For ¢ ,, ,, . - .. about 588 ,, ,,
For§ ,, ', .. . .. about4sz , .,

Bearing this in mind, the conditiohs relating toa comparison between
fusion-gas welding as compared with electric welding from the point
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of view of cost, have changed fundamentally from the early days.
The opinion can no longer be held that arc welding is cheaper in
every case. The output with fusion gas backward welding at least
approximates to that of arc welding. A comparison of the curves
in figs. 26 and 27 give the impression that, for heavy plates, the
welding speeds with fusion-gas backward welding are considerably
greater than those with arc welding. The figures mentioned, how-
ever, cannot be directly compared, since the times obtained with
20 (g% —»  gas welding were done on
/ the welding bench, whereas

/’ the times with arc welding
. were obtained on practical
work under unfavourable
conditions. In the com-
parison of direct current
welding with bare elec-
trodes and alternating cur-
rent welding with covered
electrodes from the series
of tests made in the
Welding Technical Re-
search Department, Wit-
tenberge, it was deter-
mined that, in arc welding
, using direct current and

‘ 0',?;,:,,, Th,ck,,mw,;s _ e bare electrodes, on § in.
Fig. 26.—Welding speed v (——) and welding time ¢ thick plates, 6'5 ft. of
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mately the same length

of seam as in backward gas welding. As was mentioned, the tests
were carried out at the welding bench. It may be agsumed that
the welding times for arc welding will always be less than those
for the new gas welding process as long as only ohe run has to be
put down, but that the times of both processes approach one another
more closely the greater the thickness of the plate and the greater
the number of runs which have to be put down in arc welding, and
. finally that gas welding will come out slightly more favourable.

- In the determination of costs, the costs of the power consumed
will introduce modifications. The supplementary charges, which
are influenced to a large extent by local conditions, may strongly
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influence all determinations, and these will be discussed later. We
will now show what variation in the cost of welding is called into
play by welding in various positions.
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N.B.—These repults were obtained in 1927; values obtainable to-day
are about 5 per cent less than these

The results which were obtained on a series of tests of § in. plate
with arc welding in the horizontal, vertical and overhead positions,
and which were mentioned above, are as follows. The output
amounted to: .

Direct Current Alternating Current

an and
Bare Electrodes Covered Electrodes

Horizontal V seam - .. .. 673 ft./hr. 222 ft./h.
Vertical V seam .. e . 545 235
Overhead V seam . .. 397 » 136 ,,
Horizontal Fillet seam .. .. 183 587 ,,
Vertical Fillet seam .. .. 156 611 ,,
‘Overhead Fillet seam .. .. 1435 5 835 ,,

It should be noted that, in these tests, no importance was attached
to the welding speed as primarily the strength values of the specimens
were to be determined, that is to say, quality was of primary impor-

. tance. - In spite of this, the results confirm that, for vertical and
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especially for overhead seams, considerable increases in the welding

time had to be made to that calculated for horizontal seams. In
addition, it may be clearly seen that the widely held view that higher
welding speeds, as measured by the total quantity of material melted

down, could be obtained with covered electrodes because of their
fluidity and stabilizing effect on the arc, does not apply. Where a
run has to be put down in an inclined position, and where the slag
can easily run away, the welding speed for covered electrodes will
be greater. Where several runs of welding have to be put down
one on top of the other, considerable delays occur, as compared
with welding with bare electrodes, due to having to knock off the
slag after putting each run down. On horizontal and overhead runs,
on the other hand, the welder loses time by using covered electrodes
because he has to drive the slag, which is formed from the covering,
out of the fused bath. :

In conclusion, since the price of covered electrodes is many

_ times greater than the price of bare electrodes, conditions are more

unfavourable towards the former, as is shown from a comparison of
the costs based on 1 ft. length of seam. From our tests the following
figures were determined:

(Translator’s Note—Costs have been converted from marks at

the old parity, viz. 1 R.M. = 12 pence).

Direct Current  Alternating Current

with with
Bare Electrodes Covered Electrodes

Horizontal V seam .. .. 9-od. 25-4d.
Vertical V seam .. .. 10-2d. 28-2d.
Overhead V seam .. .. 13°3d. 45°7d.
Horizontal Fillet seam .. .. 3:3d. 10°7d. -
Vertical Fillet seam .. .. 3-5d. 10-9d.
Overhead Fillet seam .. . 3-7d. 7+65d.

For bare electrodes a price of 1-6d./lb. has been inserted, and
for covered electrodes a price of 11d. :

‘The very striking high costs for the overhead V-seam with
covered electrodes may be explained by the fact that a very large
angle of 120° had to be chosen in order to be able to drive the slag
out at the sides, so that the consumptxon of filler material was very
‘ large. On the other hand, in all other cases, even with overhead
welding with bare electrodes, an angle of bevel of 60° was sufficient.

It still remains to discuss .the effect of supplementary charges.
Accurate figures cannot, be given here. These costs may differ very
_ widely, depending on ‘the local conditions which have to' be con-
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sidered in welding; and in certain circumstances they may have a
decisive effect on the choice of the process, and this effect may
exceed in importance the previous factors which have been
discussed.

Some examples will be given in which this factor appears.

If welded joints have to be made on a stretch of railroad track,
consideration must be given as to what source of power is the cheapest.
The welding converter or transformer is essentially the cheapest to
run. Gas from acetylene generators or cylinders is more expensive,
because of the high cost of carbide. In ordinary circumstances it is
quite uneconomical to take current from the mains with the aid of
a resistance. For the aforementioned case, however, this is the one

which is the most advantageous provided that current may be
obtained over the whole length of railroad track. The resistance is
easy to transport; a source of gas is not so easy; a welding converter
is very difficult to transport. Hence, in this case, transport charges
play a very important part. In addition, the cost of a resistance
and also the cost of a generator is small. Since the welding time,
however, only amounts to a few minutes, and is interrupted by long
pauses, the time during which the supply of current is used is very
small. The plant interest and depreciation charges reckoned on the
short welding time, therefore, exercise an effect which completely
overshadows all other welding charges in favour of the cheapest
source of current.

The time during which the current supply is used always plays
an important part, and should never be left out of account in calcu-
lations. Welding converters are always very much dearer than
acetylene generators. The difference in price increases when we are
dealing with a large number of welding points, since a converter
has to be provided for every point, but only one large generator
is necessary. If the converters are not permanently in use, the gas
generator, in spite of the higher cost of energy, especially for low
welding outputs, may be the cheaper. The converse may just as
easily be true if other conditions obtain. If the welding points are
situated far apart, generators may require extensive plpelmes which
make the plant expensive. The use of separate converters is then
cheaper. Other differences can also be mentioned which depend on
the locality. These may influence calculations in respect of. supple-
mentary charges, and' may have an effect on the determination of
- costs,” The dzﬂiculty of assessmg them is also increased by the fact

that there |s no accountmg basis avatlable for welding purposes:
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such as has been determined for other operations, and which have
been published in the form of Refamappen.* For the same reasons,
therefore, the previous remarks dealing with the economics of
fusion welding should not be interpreted literally by assuming the
values which have been given apply in all circumstances. The re-
marks on the examples given should only serve as a guide as to
what should be taken into account in calculatiohs, so that the savings
on a welded joint may be as large as possible and not adversely
affected by wrong assumptions.

Pressure Welding
(a) QuaLiTy OF PRESSURE WELDING

In pressure welding the conditions are considerably simpler.
Apart from forge welding, we are concerned here with mass pro-
duction or the repair of simple parts from which simple specimens
for fracture and bend tests may easily be taken, so that reference to
the entire series of operations is possible. In addition, numerous
tests have shown that, in the electric resistance welding process,
welded parts generally have the same strength as the base material.
Bad welds are rare since the welding process depends only slightly
on the reliability and experience of the welder, and the effect of filler
material does not arise. The extent of the heating is the only in-
fluencing factor.

Upset and Flash Welding.—It may be shown, however, that in
the upset and flash welding processes, welded parts have a lower
ductility than forge welded ones. Unsuccessful attempts have been
made to overcome this drawback by subsequent treatment. The
comprehensive tests which were put in hand as early as the year
1924 by the AE.G. in co-operation with Fiichsel, are'of funda-
mental importance when dealing with this matter. These tests,
however, showed that the quality which was obtained from the two
processes of upset welding and flash welding was different, as was
'mentioned during the discussion of the processes. Additional tests
showed that: \

Annealing in the machine had no effect on the breakmg strength
of the weld.

\

* Published by Reichsausschuss fuir Arbemzemnmtﬂung Bcrlm Beuth—
Verlag. (Translator’s Note. -—'I"h:;se are publxcatxons from whxch proonu eom and

‘operating times may be assessed
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Hammering flush in the machine had a harmful effect on the
breaking strength of the weld.

Hammering on an anvil at red heat led to serious damage of
the weld. B

Butt welding on small sections proved to be more satisfactory
than on large sections, as far as their breaking strength
was concerned. :

The cause of failure of butt welding on heavy sections is
apparently due to the processes which take place at the
centre of the welded article.

The flash welding process is superior to the upset welding pro-
cess as far as breaking strength is concerned, and is less
dependent on the size of the section.

From cold bend tests and impact bend tests it was, therefore,
concluded that:

Annealing in the machine had almost no effect on the ductility
and the capacity for bending. :

By hammering flush in the machine, and especially by hammer-
ing on the anvil, with the accompanying annealing in the
machine, a weld was very seriously damaged in respect of
its ductility, and its ability to resist deformation.

Welds were obtained by means of the flash welding process
which were superior to upset welds in respect of capacity
for bending and ductility.

Spot and Seam Welding.—Spot and seam welding processes may
be contrasted with riveting since they replace it in the joining of
thin plates. There are no extensive tests which are known in which
the strength has been determined. They are, however, unnecessary.
Anyone may convince himself by breakage tests that spot welded
plates seldom or never fracture in the weld, but as a rule in the full
plate, whereas in riveting, the fracture almost always occurs
through the rivet hole. In this respect, therefore, spot welding is
very much better than riveting. The results of seam welded plates,
however, are not so good, and these may even fracture in the seam
due to faulty workmanship.

- As has already been emphasized in the Section on “ Pressure
Welding Processes ”, these processes are still in the stage of de-
velopment. Recent machines have given better results, though
only on very limited plate thxclmessee Further improvements in

the process may be expected.
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(b) Economics oF PRessuRE WELDING

Upset and Flash Welding.—Although electric butt welding is at
least as good as forge welding, even if it is not superior to it, in
respect of its strength properties, it is very much superior to it in
respect of its cost. How great this superiority is depends on the
output of the welding machine which is used. The supplying
firms give accurate data on the performance of their machines, and
this may be taken as being absolutely reliable. The performance
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Fig. 28.—Consumption of coal in 1b. for forge welding and of electric.energy
in kw.h. for electric butt welding. (Top curve, forge welding)

may very easily be assessed by tests. Figs. 28-31 give_operating
curves which come from the A.E.G. They permit of a satisfactory
comparison between electric and forge welding, and show that not
only is the consumption in coal and heat units very much less for
the former, but they also show that the time required for welding
is also very much less. Fig. 31 shows how the costs of electric
welding compare with those of forge Weldmg

At the same time, it should be borne in mind that we are dealmg
here with pure operating costs, and that these do not contain the
charges which are called into play by interest, depreciation, and -
maintenance of the welding machine. If there is not sufficient work .
available for the machine this may be the deciding factor so that
single jobs or the manufacture of a few parts or those which differ
considerably in shape may be cheaper with forge welding. Electnc
welding, therefore, is only economical on mass productxon. o
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.

It should not be forgotten that a whole series of other advantages
is allied to electric welding, and this we have already mentioned
“in the discussion on * Butt Welding ” in an earlier Section.
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Spot and Seam Welding. — Fig. 32 shows the output curves’
supplied by the A.E.G. for spot and seam welding, and from these
the costs may easily be estimated. How advantageous spot welding
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is may be seen from some examples which have been put forward
by Goldmann in the Special Number “ Welding Technology » of
the V.D.I. 1921. He gives the time required, and the operation for
two plates tacked with four spots as follows:

Time

Tacking and setting up the two parts .. .. 2'9 sec.
First welding spot .. .. 10 ,
Changing and second weldmg spot .. .. 2
Changing and third welding spot .. .. 12 ,,
Changing and fourth weldmg spot .. .. 12 ,,
Removal .. .. .. o5

Total time .. .. .. .. 8-0 sec.

Output per hour—4s50 plates with four spots.
Electrical Energy consumed—1 K.W.H. for 3500 spots or 875 plates.

It must be pointed out again that the savings are seriously
affected by the cost of the machine, and can only be realized on
mass production work.



CHAPTER IV
Testing Methods*

In pressure welding, the work which is carried out mechanically
and without filler material ensures, in the majority of cases, adequate
safety in respect of strength and quality of the joint. Subsequent
testing of these qualities is easily possible by simple testing methods
such as tensile and bend tests on individual pieces taken from the
finished article. On the other hand, in fusion welding, conditions
are very different. In this case, the properties of the weld seam are
not only dependent upon the choice of the construction, the proper-
ties of the base and filler materials, but to a great extent on the
skill and reliability of the welder. Depending on the workman who
is doing the job, the same weld may show different properties
Hence the importance of testing methods in fusion welding is
considerable.

If weld joints have to be tested, various processes may be em-
ployed corresponding to their position and the purpose for which
they are to be used.

The most useful are such tests which make it possible directly
to test the skill of the work and the strength of a weld construction
as a whole. Those processes are to be preferred which allow the
test to be carried out without destroying the weld joint. In certain
circumstances, we have to deal with spot tests with a partial de-
struction of the weld.

Indirectly the suitable manufacture of welded joints may be
ensured within certain limits by testing specimen work, and in this
case it is usual to destroy the weld seam. Moreover, in this way,
information may be obtained regarding the quality and suitability
of the welded material as well as the skill of the welder.

Finally, such indirect destructive tests of the weld may enable:
one to collect data regarding the stresses to which one may sub;ect

¢ Kem “ Critical Commentary on Testing Methods for Welded Swm
‘Autogene aallbcarbeuuug, Vol. 23 (19390), § 119, 218, 234 and 253,
236 \
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the weld seam under certain provisions, or what is the best place
at which to put the weld seam in the construction.

With these points in view we will discuss the various testing
methods more closely in the following pages.

Direct Testing Methods without Destroying
the Weld Seam

To the first group belong the testing methods which are in
general use in engineering practice and which have previously been
described for definite jobs, such as hydraulic pressure, steam pres-
sure or air pressure tests for boilers and containers, and loading
tests for structures and bridges. Pure pressure and loading tests
cannot be regarded as final for welded joints as long as we are in
our present state of vagueness regarding fatigue phenomena. The

Fig. 1.—~Good gas welding . Fig. 2.~—Bad gas welding

compilation of testing methods for this subject would appear to be
one of the most urgent research problems of the future.

The quality of a weld seam may be confirmed by a series of
special methods without destroying it. The examination of the weld
seam and its External Appearance may be classified as one of this
type. The value of this process should not be disregarded. It will
be possible in many cases for an experienced welding engineer to
obtain definite conclusions from this method regarding the character
of the weld. In this way, overheating of the structure, pores and
slag, in' so far as they manifest themselves externally, may be recog-
nized, as may also be the cleanliness of the weld, the speed of
welding, and the process. Hence conclusions may be drawn re-
garding the condition of the weld. Figs. 1—4 afford examples on
this point, and illustrate a good and a badly welded seam done
by gas welding and arc welding. The points of difference may be
easﬂy recognized. The gas welded seams are done with backward
welding. It is worthy of note that the appearance of these seams only
differs slightly from the electrically welded seams, the only external
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feature of which is to be found in the scattered splatters of metal.
Figs. 5 to 7, and 7 to 12 show further examples. It is, how-
ever, by no means impossible for a seam which is externally quite
satisfactory not to fulfil the requirements, in spite of its external con-
dition. The determination of the hardness may be regarded as supple-
mentary to a test of this type, and from this test the approximate
tensile strength may be calculated. The Brinell Spherical Com-
pression Test, which is usually used for this purpose, consists of
pressing a steel sphere of a definite diameter at a prescribed pres-
sure into the surfacc of the base material for a period of time which
is also specified. The hardness
of the material may be deter-
mined from the diameter of the
impression, and the tensile
strength may be calculated,
with fair accuracy, from the
hardness number. Shore’s re-
bound hardness test, with the
aid of the scleroscope, is of con-
siderable importance for- the
investigation of built-up welds,
since, unlike junction welds,
they need not have high ten-
sile strength but should show
more resistance to abrasion.

The most important testing
methods for juaction welds will now be discussed. .

The suggestion has emanated from the University of Wisconsin
that the weld seam should be surrounded with a small dam of putty
and Hot Petroleum should be poured over it. The liquid flows into
the flaws of the seam and indicates lack of tightness resulting from
pores, &c. The process is the most severe of its kind for testing
tightness, but it gives no definite information about the strength
~of the weld seam.

In addition, a process based on Acoustic Principles has been re-
commended by the Americans, Dawson and Kinzel. With the aid
of a listening instrument, similar to a stethoscope, consisting of
a rubber sound receiver, two tubular leads and ear fittings, dif-
ferences in tone which are set up if flaws are present, on stnkmg the
seam with a hammer have been registered. The process is said to
have proved successful for the testing of boilers, tubes and plates,

Fig. 3.—Good arc welding

Fig. 4—Bad arc welding



TESTING  METHODS

239

Fig. s.—Unhammered and fig. 6 hammered gas weld forward welding

Fig. 7. —~Gas forward welding

Fig. 8.—Correct current strength : Fig. 9.—Current too low

Fig. 10.—Current too high Fig. 11.—~Wrong electrode held too steep

Fig. 1a.~Arc too lang L /

N ) Figs. 8~ra.— Arc welding '
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. From the results obtained on the testing of steel constructions, the
report was less satisfactory, since in these, elastic oscillations vary
considerably in their effect. Tests made by us were unsuccessful.

The Magnetic Testing Method which has been worked out amongst
others by the Frenchman Roux, is based on other principles. The
specimen in this test is laid in a magnetic field, and iron fillings are
scattered on a sheet of paper laid on top of it. Where a flawless
seam exists the iron fillings distribute themselves uniformly. If
the welded seam, however, contains cavities, slag inclusions, or
junction flaws, the iron fillings congregate at these weak spots,
which set up a high reluctance to the magnetic flux in such a way
as to cause a diminution in this reluctance. The process has the
drawback that it cannot be used for testing vertical or overhead
seams, and in addition, it cannot be used for investigating non-
magnetic objects. Material stresses, an irregular structure in the
material, or non-uniform reinforcement of the weld run, disturb
the test and make it unreliable.

Electrical Testing Methods are another type of test. One has
been worked out by the American Sperry. This test was at first
used for determining material flaws in railway lines, but it can be
converted for the testing of weld seams. It consists essentially of
passing a heavy direct current through the article which is to be
tested. The article is then traversed with three exploring brushes,
between which two primary coils of a transformer, wound in oppo-
site directions, are coupled. If a fault occurs between two brushes,
and if in this way one coil is more strongly excited than the other,
the secondary coil which belongs to both primary coils is excited,
and an indicating instrument is operated. Reports of the process
vary considerably.

The view has also been expressed in Germany that a handy
workshop testing equipment could be obtained based on this or
a similar principle. Unger has initiated tests in this direction at
the Technical High School, Brunswick, and is said to have evolved
serviceable equipment, which may be used for the testing of butt
welds and fillet welds, based on Electromagnetic Principles. Details
about it, however, are not yet known, »

The process for investigating welded seams without destrdying
them, which up to the present time has given the best results, is
the process of Radiation with X-Rays.* It certainly has the drawback

* Kantner, “ The Most Recent Tests with X-Rays in Welding Technology ",
\Ehcb'otechmk und Maschinenbau, Vol. 46 (!928), P 495.
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of being expensive as far as equipment is concerned. The appli-
cation of X-Rays for the testing of materials is nothing new. Several
processes of this type have already been scientifically developed.
Among these may be mentioned crystal structure analysis, chemical
analysis, and the radiation of materials, which, as has already been
mentioned, employs hard, short rays. At the present time this is
the only.process which is of importance for the investigation of
weld seams, but experiments are in process for making crystal
structure analysis suitable for testing welds.

The process of radiating with X-Rays is based on the fact that
a photographic plate or a screen is more intensely illuminated the

Fig. 13.—Illustration of the impedance o various plate thicknesses to the passage of X-ray
R, X-ray tube; E, steel construction; S, weld seam; F, film; B, X-ray photograph.

less the resistance which the X-Rays meet when passing through
the article. The variation in the resistance set up by varying
material thicknesses in the article may therefore be observed.
(See fig. 1 3)

The varying density of the material, depending on its atomic
weight, also causes differences on the photographs. Aluminium is
the easiest material for X-Rays to pass through, and it shows the
brightest surfaces on the photographs. It is followed by cast iron,
steel, and finally by copper, which affords the greatest resistance
and produces intensely dark portions on the photograph. For
aluminium, cast iron, and steel, the exposure times are so short that
the pictures of thin plates may be projected on the screen. For
thicker plates and for materials which are difficult to penetrate, a
- photographic picture employing a short or long exposure may be
made, and this is also neceasary if a faulty place is discovered on
the screen,

-



242 WELDED JOINTS

As applied to welding, slag inclusions, burnt portions, cavities,
bad joints, graphite aggregations, or cracks may either be seen on
the screen as bright spots or on the film as dark spots, since they
allow the X-Rays to pass through more easily than the base material.
A photograph of this kind is shown in fig. 14, and no further
explanation is required. Figs. 15 and 17 show what clear con-
clusions an expert may draw in this way from the X-Ray photo-
graph. They show the radiation of a good and a bad weld in steel
both in elevation and section.
The depth at which faulty
spots lie may definitely be
determined by radiating at an
angle (see figs. 18 to 20).
Oblique radiation may also
be used with advantage in
order to discover junction flaws
on the bevelled surfaces of
V- or X-shaped weld seams.
The determination of the depth
at which faulty spots lie
is facilitated by stereoscopic
photographs, which are already
well - known from ordinary
photography.  Fig. 21 shows
Fig. 14.—X-ray film of a weld with various flaws  gn X-Ray photograph of a

U, Base me::;;c hst:::;t xv,"::m badly joined builtl:lup Wle‘;d anu‘lif shows that,
(sharply defined transition zone); 2, gas blow-hole in the we rel orgement, a
S‘.‘,{k:;c’f;."fi,’..°‘i§'.’:i‘.’ },‘?ﬁ’.‘d’;ﬁé‘;ﬁ{":’f‘c}?ﬁ number of small blow-holes is
(ark, Snacrly owlined line); 5, graphite aggreg®-  resent. From fig. 22 it may

clearly be seen how important
and significant X-Ray radiation can be for discovering serious
damage. The figure indicates a contraction crack in the weld
seam of a copper firebox which was hidden from the outside.

By examining X-ray photographs faulty places may easily pe
determined with a little practice. If the course of a crack or the
position of a blow-hole on the inside of an article is to be accurately
determiped, measurement with the naked eye is frequently in-
sufficient for its determination, especially since the sensitivity of
the observer to brightness varies and is frequently subjected to
external influences. The Density Testing Method, for the develop-
- ment of which we have especially to thank M. Schwarz, serves as
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a useful auxiliary in the judging of X-ray photographs.* As is
shown in fig. 23 it is based on guiding the X-ray negative g on a
travelling table 4 under an illuminating device, in such a way that

Figs. 15 and 16.—X-ray photograph of a good (left) Fig. 17.—X-ray photograph of 2
and a bad weld on steel (right), plan view. good (above) and a bad weld on
steel (below). Oblique photographs

of the section,

the pencil of rays which is sent out from the source of light e, passes
through the X-ray negative while it goes by, and after it has passed,

can impinge on the photo-electric cell . In this way, the latter is
excited and controls the current in accordance with the density

Figs. 18~20.—Determination’ of the position of flaws by oblique radiation

R, X-ray tube; W, material; F, film; oo, faulty spots.

variations of the X-ray negative, which has been illuminated, so
that the mirror galvanometer 4 is made to give a strong or weak kick.
These kicks are registered as curves on a photograph with the aid -

® Kantner and Herr, « X-Ray Methods for Volume Measurements of Faulty
‘Spots in Mamrinl",,,v‘Zcimi&ift' des Vereines deutscher Ingenieure, Vol. 73 (1929),

Cp. 8110 "
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Fig, 21.—X-ray photograph of a built-up weld taken from the side

Fig. 22.—X-ray photograph of a boiler weld showing a contraction crack

*f

- e e e e e 4 e e e e e e oy

Fig. 23.—Scheme illustration of a Janus X-ray densograph
for testing materials

a, Cursent supply; b, illuminating equipment; ¢, indicating
paper; d, galvanometer; e, source of light; f, lamp for galvano-
meter; g, X-ray negative; &, sliding table; s, photo-electric cell.

of a pencil of rays
coming from the source
of light f. In this way
we obtain a photo-
graph of the variations
in density, that is, the
densogram. ¢ of the
material which is to be
investigated. By in-
creasing the voltage in
the current circuit of
the generator g, or by
increasing the strength
of the source of light e,
any desired density of
negative at the best part
of its characteristic may
be obtained,

Figs. 25 and 26 show a practxcal example of a densogram. By
means of the curves in fig. 26 the sizes of the faulty spots may aat:s- )
‘ factonly be determined from their width and depth.
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The first X-ray plants which were put on the market were very
expensive and of such a size that they could only be erected as
permanent installations. Modern plants, such as that shown in-

Fig. z4.—X-rlIy photograph of a steel casting
The dark spots are blow-holes in the material: § natural size

s

fig. 277, are not only considerably cheaper, but have also been con-
structed so as easily to be made portable and may, therefore, be
taken to any desired place for testing welds.

It is, however, impossible to determine stresses in the material
by this method. ,
1 i h?.

Having discovered e m_ @ I -

in X-ray radiation
such an excellent
Fig. 25 ~—X-ray photograph shown as a sketch. Densographic
means of accurately photograph taken of fig. 24 (—><—)
determining flaws of a-1, the limit points of the faulty spots
_various kinds in the

weld seam, a method ) Zmlre c' & oy ul JI/V

in which only the size B
. )

and unwieldiness of 7 -

the X-ray equipment | 5 ﬁr”’ —

provxded certain diffi- ) M

culty, it was a short 4 8 £ @

step to employ the
electro-magnetic radi-
ating waves, the so-
called “Gamma Rays”, which are emitted from the radio active
elements, for the same purpose in order to overcome this drawback.
Since Gamma Rays are very much more penetrating than the hardest
X-rays, it wag to be expected that their field of application could be
extended to even thicker articles than had been possible up to that’
' time by means of X-ray radiations. Only the high price and rarity of
radium stood in the way of the application of Gamma Rays. For this
- reason . the experiments of American . investigators who employed
- radium itself or radium emnnauon have not lad to any extensive use of
=74y ‘ 0

/ . v

Fig. 26.—Densogram of an X-ray photOm'lPh
A-W, degrees of density
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Gamma Ray radiation. Recently German investigators have used
the inexpensive mesothorium for the purposes previously described.
This contains about 3o per cent of radium, but is just as efﬁcxent
for the purposes previously described.

Fig. 27.—Portable X-ray apparatus shown on the test of a locomotive firebox

Gamma Rays and X-rays are similar in other characteristics.
Hence it is obviously to be expected that similar resiilts could be
obtained with the simpler radium apparatus than with the more
unwieldy X-ray apparatus. Experiments * with Gamma Rays,
however, have shown that X-ray radiation is more advantageous in
three respects, namely: :

1. Exposure times using’ Gamma Rays are considerably longer
for testing small or average. wall thicknesses (under 3 to
4 in. of steel) than with using X-rays with a tube voltage
., of about 200 kv.
2. "The ease with which large flaws may be recognized when
Gamma Rays are used is considerably less tha.n when
X-rays are used. : ~ -

® Berthold and Rnehl “ Principles of Material Teatm with Gammn Rlyc
) Zamfmft des Vereines deutscher Ivgemm, Vol. 96 (1932}, No. 17 P 40: ’
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3. Investigations with the help of the screen are impossible be-
cause of the diminished intensity of radiation of the rays
from radio-active preparations.

On the other hand, Gamma Rays are superior to X-rays in the
following respects:

1. At the present time Gamma Rays are suitable for the radiation
of large material thicknesses (steel of more than approxi-
mately 3 in. thick).

2. The smallest radio-active preparations can be applied any-
where, even in the most inaccessible objects.

3. Since the preparation during the exposure period does not
require any supervision, the work which is associated with
the investigation is small.

Apart from the above, it is purely a question of cost, and this
will decide for one or the other in the future, depending upon
whether the development of X-ray or radium equipment leads
to greater reductions in cost.

Direct Testing Methods in which the Weld Seam is
Destroyed for Testing the Material and the Welder

Our remarks will have shown that, to-day, there is a series of
-sound serviceable methods which make it possible to test the weld
directly without destroying it, but their application is, in many
cases, very tedious and difficult, and in others too expensive. For
this reason one has frequently to be content with a spot test of the
weld seam and with its partial destruction. Zimm suggests that
a hole should be bored in places which. appear suspicious, when
examined externally, so as to expose half the seam, the intermediate
and the affected zone, in order to discover flaws in the interior of
the weld seam. By etching the exposed portion with an etching
medium, the quality of the seam may even better be recognized.
After the investigation, the holes are welded up again. Quite recently
Schmuckler has constructed a milling apparatus which is especially
suitable for this purpose, and this may be attached to any part of
the object to be tested either by clamping, screwing, or welding it
on by means of a couple of spot welds. This censlderably facilitates
* the making of the test holes.*

" ® Schmuckler, “ Welding Technology in Steel Comtmctnon ", Elektroschwels
‘\‘m. Vet z(xoao),p 236. ,
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This testing method occupies an intermediate position between
the direct and indirect methods of testing, and also between the
methods of destroying and not destroying the seam.

As long as suitable methods of the former type were not known,
one was compelled to adopt testing by destroying the seam. Even
where other methods are known, however, testing by destroying the
seam still retains very great importance. The latter method makes
it possible to test the materials used for construction and the filler
materials, so as to see whether they are suitable for welding pur-
poses, and above all, to test welders regarding their reliability and
skill. ‘'They, therefore, ensure indirectly that good work is carried
out.

It would appear that the well-known testing methods for the
testing of homogeneous constructional materials could be directly
adopted. This would not take.into account the special peculiarities
of the weld seam. In welding, there are three different zones to dis-
tinguish, and these have different structures and can influence testing
in a variety of ways. We have the weld seam with a structure having
cast characteristics. We have the transition zone, usually having
a coarse crystal overheated structure, and we have the zone of the
unaffected material. In addition, in certain methods of testing;
minor flaws in the weld seam, such as unimportant pores, which
only slightly affect the quality adversely because of their position in
the test specimen, may act very unfavourably in the determination
of the strength properties and lead to wrong conclusions.

The first property of the weld which has been mentioned shows
up very clearly on the Tensile Test. -

The tensile test is used in the testing of materials for determining
‘the breaking stress, the extension on fracture, and the contraction of
area of the material. In the testing of the weld it only gives satis-
factory values in respect of the tensile strength because of the zonal
character -of the weld. Even in this case this is only true provided
that the piece fractures in the weld, because otherwise, where frac-
ture takes place in the base material, one only knows that the weld
seam has a greater strength than the base material, but one cannot
determine how great the strength of the weld is, and to what extent
this is conditioned by the weld reinforcement.

The only point in carrying out a tensile test with an unmachined
seam is when one wishes to determine whether the weld has the same
strength as the plate, and in this way to draw conclusions rcgardlng
‘lts béhavxour in the construction. If the section of the seam is mzdei
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wider or thicker so as to correspond with the percentage of the
strength of the plate section which one wishes to reach, one may
frequently determine, by. carrying out a tensile test in this way, .
whether the desired property of the weld seam has been obtained.
(See fig. 28.)

If the weld material or the work of welders is to be tested com-
paratively, the weld reinforcement should be removed before the
tensile test is undertaken, and the seam should be machined down to
the plate thickness, since a specimen with an unmachined seam does
not permit any comparison to be made as one can never be sure that
one weld seam has exactly the same cross-section as another. Slight
variations, which can scarcely be measured, may influence the
result. In this connexion, it is advisable to make the weld cross-
section of the machined specimen smaller than the section of the
plate, so that under any circumstances fracture occurs in the weld.* .
(See fig. 29.) During planing,

— — ]
however, sharp edges and corners =
should be avoided, as these may L—r ~—
give rise to notch effects. Observa-
. [N — ]
tion of the fractured place by a =

el N s T N——

macroscopic test makes it possible
accurately to investigate the con- Figs. 28 and 29.—Fracture specimens
dition of the weld.

Even if the tensile test for determining the actual strength gives
rise to difficulties, these are much greater if one wishes to determine
the ductility or the capacity for work of the weld seam from a welded
joint, because of the zonal character of the weld. Each of the three
zones possesses a different elastic limit. Moreover, one can draw
absolutely no conclusions in respect of the properties of the weld
from the total elongation, even when fracture occurs in the weld.
Its elongation will invariably only contribute a fraction of the
average elongation of the specimen, and the difficulty is intensified
if fracture occurs in the base material, as in certain circumstances
the total expansion will be taken up by the latter. In any case, for
determining the elongation from a tensile test, the best measuring
instruments and conversion factors are required, and in spite of
these, deceptive results cannot be eliminated. Determinations of
elongation of this kind are therefore to be regarded as labomtory
tests and better left to specialists.

. ® Mies, * Concerrung the Stmngth Testmg of Welds * Schmelzschwmsuug
“Vol. 6 (1925), p. 83. -



250 WELDED JOINTS

For the workshop the most suitable process is one .which can
be carried out by any foreman or even by a welder himself without
giving a result which is too far removed from the truth. A testing
method of this kind is the Bend Test. Admittedly it does not give
any figures for the strength of the weld and for this reason its value
has been keenly disputed. On the other hand, it is possible to obtain
useful information regarding behaviour of highly stressed weld
seams, the quality and suitability of the filler material, and the skill
of the welder. Since, at the present time, there is no workshop
testing method which can be carried out so quickly or can guarantee
better results, the bend test has been incorporated in all specifications
for the testing of weld seams. '
The bend test is usually so carried out that the specimen is
either bent in a vice or in a bending jig or a special bending machine,
’ in such a way that the weld reinforce-
ment lies on the outside. In accor-
dance with specifications, the plunger
g in the bending equipment should be of
X T] twice the plate thickness and the pitch
# {4 of the rollers should amount to five times
- s the plate thickness (see fig. 30). The
w0 angle which one obtains on bending the
Fig. 30—Arrangement of the bend test twO legs is measured when the first frac-
ture occurs. It should be carefully borne
in mind that the weld seam should lie exactly under the plunger so that
the former may also be subjected to bending. In spite of this, it is
impossible to avoid the bending being extended to the base material
of the specimen. For this reason, therefore, any conclusions regard-
-ing the strength of the weld seam, as obtained from the bend test,
ate only imperfect. At the same time, it allows quite satisfactory
comparative figures concerning the quality of a weld to be obtained.
A better way of assessing the ductility has been suggested by
determining the Tetmeyer bend coefficient and not the angle of
bend. It has been proved, however, especially when determining the
smallest radius of .bend, particularly on specimens with reinforce-
ment and complications of this kind, that the.variation in the
determination of the bend co-efficient is not less than the determma-
tion of the ductility from the angle of bend.

Another method consists in directly measuring the clongatxon
of the qutermost fibres on the tension side. For this purpose. the
'bcnd specxmens are prowded with punch holes or marks, Thss :

y
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method of testing has the advantage that it may be carried out with
the simplest equlpment

In certain circumstances it is advisable to bend the specimen
in the reverse direction so that the root of the V-shaped groove lies
outside. In this way, it may be determined whether the specimen
has been completely welded through. This is not always definitely
proved if the test is carried out in the way which has been previously
~mentioned, because in this case, the lower portion of the seam is
not stressed in tension but in compression.

In addition, the hot bend test and the forging test should be
mentioned. These are advisable when the welded joint is subjected
to high stresses when hot. In this way, it may be determined whether
or not the weld has become hot short or had its forgeability reduced
by unsuitable treatment or by any other constituent which may be
present during welding.

The forging test may be intensified by carrying out a Torsion
Test, and in addition to making the determinations mentioned above,
we can arrive at some conclusion regarding the resistance of the
welded joint to torsional stresses.

The Notch Impact and Tensile Impact Tests must to-day be
regarded as pure laboratory tests. They are unsuitable as workshop
tests, since small variations or faults in the weld, which cannot be,
entirely avoided but are seldom of serious importance, may easily
lead to wrong conclusions. ~ It is therefore advisable to have them
carried out by a specially skilled personnel.

At the same time they are of the greatest importance for weld
seams which are subjected to rapidly alternating stresses or to
impact stresses. The Charpy specimen having a width of about § in.
has ‘proved itself most suitable for the notch impact test. In this
specimen the notch is so positioned that fracture takes place
through the weld itself. The structural composition of a welded
joint, the type of heat treatment, the distribution of inclusions, as
well as the presence of cracks and other flaws, may be obtained
from the Metallurgical Polished Section. For this purpose, it is almost
always necessary to destroy the welded joint. For details the reader
_is referred to the itechnical literature.

If-an observation of the polished section with the aid ofa mag-
nifying glass or of a low magnifying microscope, which is usually
_good enough for the observation of segregations (non-metallic
~ inclusions), cavities and large flaws, is not sufficient, chemical treat-:

mcm; is necessary in order to show up the stmcture As far as the



252 WELDED JOINYS

workshop is concerned, careless preparation and the subsequent
penetration of the filler material or junction flaws may be seen
clearly enough with the naked eye. A test of the coarse structure at
its natural size or with the aid of a low power miscroscope, which
is usually carried out after primary etching, is termed a ‘‘ Macroscopic
Analysis ”’ (see fig. 31).

A metallurgical investigation affords an excellent test, and this
may also be undertaken in the workshop without great difficulty
in ordef to supplement and check bend tests and breakage tests.

Fig. 31.—Macro-photograph of a fillet weld made with direct curren’t

In addition, a Microscopic Analysis permits of an accurate test
of the fine structure and makes it possible to arrive at more definite
conclusions concerning the structure than does the macroscopic
investigation. At the present time they must be regarded as everyday
testing methods. Due to the high magnification, the most: careful
preparation of the surfaces of the section is necessary. The section
must be turned through 9o° when going from one disc to the other,
on each occasion all cracks left by the previous disc being completely
removed. During the polishing process care should be taken to
remove all particles of iron which have become embedded info the
paper on the polishing discs since these cause cracks which cannot
be removed on the finer discs. For these reasons, the grinding and -

.polishing discs should not be erécted among dirty. surroundings.

/
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It is important not to etch the polished sections too soon. This is
the reason why polished specimens are so often a failure. If one
wishes to bring out the fine points in the structure, specimens,
after polishing, should be "allowed to lie either for 12 hours in a
desiccator (i.e. a container which is filled with calcium chloride
which absorbs moisture), or dried in a warm current of air from a
“Fon”. After ten minutes and a short cooling period, they are
then ready for etching.

Simple polishing may bring up the separate crystals in relief.
The ordinary etching process has usually the same effect.” In general,
the following etching media serve for the purposes enumerated.*

MACROSCOPIC ANALYSIS
(a) Steel and Iron

1. 10 gm. of cuprous ammonium chloride, in 120 cm.? of water
(Heyn’s method).

2. Oberhoffer’s etching medium; alcoholic hydrochloric acid with
the addition of Ferric Chloride, Cupric Chloride and Tin Chloride
(Stannous).

3. Heyn, Bauer, and Baumann’s process for indicating sulphur.

(b) Copper
1. Ammonia.
2. Alcoholxc Nitric Ac:d

A

MICROSCOPIC ANALYSIS
(a) Steel and Iron. . -

1. Nitric Acid solution in Ethyl Alcohol. |

2. 10 per cent Nitric Acid solution in Isoamyl Alcohol.

3. Alcoholic picri¢ acid—4 gm. of picric acid in 100 gm. of ethyl
alcohol.

4 A solutlon of sodium picrate in water.

(5) Copper

1. Ammonium persulphate
v 2. Cuprous ammonium chlorxde with ammonia.

'

"% Handbook of Matmals Vol: 11 (Iron and Steel), and Handbook quamb
C. xziu Non-ferrous Metals (Beuth- er!n‘,
CAmene) ‘ .9
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The etching time differs with various etching media and is, in
addition, affected by the composition of the test specimen. Fre-
quently a short period of immersion is sufficient. For low concen-

Weld
Weld .

Transition Zone
Figs. 32-36.—Micro-photographs of a gas weld

Transition Zone
Figs. 37-41.—Micro-photographs of an arc weld

" Base Material

trated solutions we have to deal with times of from 1 to 15 min.
Electrolytic etching is frequently used for developing the rmt;ro
structure of ‘steels which are highly resistant to attack.

. After etching, the specimen is immediately held in running
water and bnskly rubbed with a damp wad of cotton wool,m order

4
f
i b
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’

to remove any depositions of the etching liquid. After washing with
water again and dabbing with a wad of cotton wool, which has been
dipped in alcohol, and after careful drying, the surface of the polished
section may be observed under a metallurgical microscope. As a

Fig. 42.—Macro-photograph of an electric hot weld

rule, vertical illuminators, total reflecting prisms or even plain
parallel glasses inclined at an angle of 45° to the axis of the micro-
scope, are used for this purpose. The polished sections should be
kept in a desiccator.

Fig. 31 shows the macroscopic photograph of an electric weld
which has been made with
direct current on a cruci-
form specimen, similar to
those which are made for a
test of welders. The regu-
larity of fillet welding in
respect of the depth of the
runs and good penetration
may be clearly seen. The
slight formation of pores,
" which' cannot be entirely
avoided in electric welding,
is characteristic. .

Flgs 32 t0 4I show test Fig. 43.—Macro-photograph of & cast-iron cold weld
welds, one of which was
carried out by gas welding and the other by electric welding, as made
* on steel with a carbon content of 0-33 per cent. The flowing together
of the filler material with the base material and the gradual transition of

the good weld may be clearly seen. Since'welding was done in several
runs, the coarse grained filler material has experienced a change in
g gram from' its typxcal cast character, and this closely approximates
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to a refining of the grain. Due to overheating, a coarse structure
is always formed in the transition zone of the plate, and this is
especially the case with gas welding. The grain becomes gradually
finer until ultimately it merges into the base material, which is
am uninfluenced by the heat-
ing effect of the welding.

The regular structure of
a good electric cast iron hot
weld may be seen from the
macro-photographin fig. 42.
At the same time, the irre-
gularity of the joint of an
electric cast iron cold weld,
using steel wire, stands out
very clearly in fig. 43.
Fig. 44 shows an electric

‘ built-up weld in cast iron
Fig. 44.——Mucro~photogmpl} of an electric built-up weld using steel wire. The sur-

using steel wire electrodes )
rounds which penetrate well
into the parent metal may be seen. The white cast structure which
results and which is difficult to machine stands out, and further
mention is here made of its brittleness.

The macro etching of a copper weld is shown in fig. 45. In
this way the X-shaped welding groove, together with the excellent
junction with the base
metal, is clearly shown
up. Inaddition; the vary-
ing composition of the two
plates which have been
welded is shown on the
photograph of polished
M section, and one of these

Fig. 45~Macro-photograph of & copper weld shows a large number of
impurities.

Figs. 46 and 47 show the fine structure of two copper welds
which have been treated in different ways. The former was ham-
mered cold in conjunction with the welding. The lines of slip,
which' are set up by cold working, correspond in their direction
with the crystalline orientation of the grains. Some blisters and
copper oxide inclusions stand out as well. The photograph was
taken from the middle of the weld. . ‘
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Fig. ,4,7, which was also taken from the middle of the weld,
shows the appearance of a specxmen which was hammered hot,

probably at a temperature of 1100° F. (600° C.). Two adjacent

Fig. 46.—Micro-photograph of a cold-hammered copper weld

zones having different states of stress stand out. Recrystallization

may be considered complete. Blisters and oxide inclusions are also
present in this case.

Fig. 47.~Micro-photograph of a hot-h d weld

Along with the metallurgical investigation, chemical analysis is
necessary in many cases. By accurate weighing, the proportion of
materials present in the iron may be determined. The chemical
 composition is frequently of exclusive importance as far -as the



258 ‘ WELDED JOINTS

weldablhty is concemed and therefore requires special investi-
gation.

Indirect Testing Methods in which Welded Parts
of a Construction are Destroyed

Final tests on the completed experimental designs of construc-
tions are of great importance in order to determine what stresses
the selected design will stand, or what arrangement ensures the
greatest safety an various designs.

There are already methods of note suitable for such investi-
gations, to which reference can be made in the construction of welded
joints and these will serve as a good guide for further jobs.

Thorough tests were carried out many years ago in Germany
on water gas welded boilers which were subjected to an internal
pressure which was increased gradually until fracture of the plant
occurred. At the same time, the boiler was made smaller by cutting
out separate sections and welding in others, and the phenomenon of
fatigue, the effect of normalizing the weld seam by annealing the
boiler, and the subsequent forging of the weld, were carefully investi-
gated from the portions which had been removed. Such tests may
be also carried out on boilers which have been manufactured by the
gas welded or the electric arc welded processes.

In this respect, Der Schweizerische Verein von Dampfkes-
selbesitzern (The Swiss Steam Boiler Owner’s Association) with
the special co-operation of Hohn, who carried out a series of tests
on welded vessels, has proved of great service. The publications
and the yearly Report of the above-mentioned Association of 1923
are concerned with tests of this kind on experimental vessels of
varying shapes, dimensions, and plate thicknesses, and these are
very instructive to the steam boiler constructor. The welding was
carried out with both gas and electric arc. Some of the 'seams
were welded from the outside and afterwards on the inside,
others were welded on both sides simultaneously with a heavy
reinforcement.. The strength and tightness of such' seams with
skilful workmanship were excellent, so that fracture invariably took
‘place in the plate itself. On the other hand, it was once more shown
from these tests how 'dependent one is on the reliability and the skill
of the welder, smce in some caaes less satlsfactory results were
recorded.

- In order to test. the safety of welded Jomts in steci constmcuon

4
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the Gutehoffnungshiitte, among others, in the year 1923, com-
pletely welded electrically a double-sided lattice girder of 32 ft. 6 in.
span and about 3 ft. depth, and fractured it under static stress by
gradually and uniformly increasing the load.

The test showed that no weld seam cracked in the direction of
the load in the member, and consequently fusion welding is not
only intrinsically sound, but provides a joint which is much stronger
than a riveted joint and this has also been confirmed from laboratory
tests on individual members. Similar tests with the same results
have also been carried out in other places.

As far as shipbuilding is concerned, we would mention the tests
which were carried out by Strelow at the Deutsche Werft, Ham-
burg. A boom 48 ft. 6 in. long, which was welded together out of
five plates, was loaded until it buckled. This also occurred outside
the welds, and in this way the adequacy of welding was demonstrated.
In addition, a welded stern post having a nett weight of 3-2 tons
was subjected to a variety of drop tests from a height of 5 ft. to 11 ft.
which it withstood without damage although impact loads up to
19o tons were set up in the post.

As far as railway work was concerned, it had to be decided how
far one could go in the repair of vehicles and with the welding of
highly stressed parts which are subjected to severe wear and tear.
In this category we have on carriages, the axle box webs, the longi-

_tudinal girders, the diagonals, the buffer faces, and the buffer sockets,
&c. On two test wagons these members were cut through before-
hand and welded electrically and by gas welding. The carriages
were then heavily loaded and allowed to collide with a fixed tender
at a speed of 25 miles per hour. They were then put for a long time
into normal service on an inclined runway where the greatest stresses
occurred during setvice and the welds were not damaged.

A multiplicity of laboratory tests, which are interided to give
definite information as to how welding should best be carried out,
have been drawn up. As an example Hohn has designed a special
breaking jig in order to test the various welding joints which fre-
quently ogcur in steam boiler construction. Fig. 52 shows a jig of
. this type 'for the testing of flanged joints on pipes -and figs. 48 to

~ 51 the shapes of designs which have been tested with it. The re- .
sults were that the breaking loads of these four joints. were related

"in the form a:b:c: d==,xoo 95 :75:45. The average breaking
load with the design shown'in fig. 48 amounted to 684 tons. . -

Other tests were put in hand on remforcmg straps on sectxons

N
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“cut from vessels, on welded straps on tensile specimens, and on
plates welded to one another at right angles, in order to find the
most suitable design. In the drafting of the specification for welded
steel structures (D.I.N. 4100), which has already been mentioned,
tests of this type were first carried out in order to determine whether
the permissible stresses which were fundamentally applicable for
calculations, were satisfactory. A series of multi-member joints
and material joints of various types were welded by a good welder
and fractured by increased loading. In the majority of cases the
result was that the breaking load was well above the calculated load.
In isolated cases, however, the arrangement selected was not suitable.

Fig. 48 Fig. s0

Y Y,
Fig. s1 Fig. 52

Figs. 48-52.—Testing of flange joints

At the present time one has no experience of the effect of the
phenomena of ageing and fatigue on welds in the course of years.
In this respect there is a certain danger. Tests which may be drawn
up to deal with this point are, :therefore, of special value. |,

A new railway sleeper joint, designed by the State Railways, in
which a backing plate had to be welded on to the sleeper, was sub-
jected to a test of this kind. Since primarily dynamic effects are to
‘be expected from rolling stock, alternating stresses were applied in
various directions in order to investigate whether the phenomena,.
of fatigue dccurred. The impacts which are set up by the curving
movements of the vehicle were imitated by applying a large number
of blows with a compressed air hammer, an impact pendulum, and
‘& drop hammer, and the alternating bending was imitated by means.
of a. sprmg testmg machine. - The-result of the tests ‘was. cnnrely L
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satisfactory. Spindler * gives another example. We are concerned
now with fatigue tests on rivetéd and welded constructional members
of lorry frames which Spindler put in hand in conjunction with the
firms Mannesmann-Mulag and Boehler-Stahlwerke. Figs. 282 to 285
show four experimental designs on which the tests were based.
In the journey of a lorry the longitudinal and lateral girders are
subjected to distortion, and it was desired to know by means of time
tests how these stresses manifested themselves in the course of time
as fatigue phenomena.

The results of the tests were that in the riveted joint (fig. 53)
the rivets became so loose after approximately 120 swings of a
counterbalanced baulk that the
riveted parts of the plate were
pushed together about g in.
with each swing.  After about [I}0_[3 x/racture Fracture
600 swings, the plate joint at
the rivets had about 4 to 6
thousandths of an inch clear- ™
ance, and after a further 700
swings up to 8 thousandths of
an inch clearance, and finally
the plate fractured in the dan- Fracture L Fracture
gerous cross-section after a
total of about 2000 swings.

No rivet fracture occurred, U
but the fracture occurred in Fig. 55 Fig. 56
the material dué to overload- Fatigue tests on riveted and welded motor-car parts
ing the frame, since the over-
hanging joint which was hanging loose in the rivets was subse-
quently bent.

The welded joint shown in fig. 54 withstood 5400 swings, and
that shown in fig. 55, 6500 swings. In the former case the material
in the overheated zone near the weld seam fractured, and in the
other cases fracture occurred in the gusset plate and in the matenal
which had been unaffected.

‘The joint shown in fig. 56 behaved worst, and in this type the
welded joint fractured in the flange after a short time.

In conclusion, an example will be mentioned from the large
number of American swmg and impact tests, and this- deals with a

—

Fig. 53 Fig. s4

L. Spindler " Rweced or Welded Carmge Frames ” Motorwagen, Vol 31 (1928).
E ‘\p 2. L
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swing test which  was carried out by the Westinghouse Electric and
Manufacturing Co. on riveted and welded experimental designs for

Fis. $8.~—Welded test piste subjected to interise loading from a girder aftar the dwing test

steel construction. Four 1 15 joists, x8 ft. long, were mpecnvely
welded, and riveted to each of two double Tee gn-ders, N.P. 25."
»The welded 'dcsxgn is shown in ﬁg 57 The test pzeces were. ﬁxcd
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on the baseplate of an oscillating machine and tested by means of
this. Even after 1 hr., two of the connecting angles of the riveted
design were fractured. After 24 hr. two of the riveted girders were
completely loose, and after 3} hr. the remaining two were completely
loose. Among the welded constructions, none of the welds showed
any change after 184 hr. On hitting them with a hammer the
members gave a clear tone. Only after the welded members were
loaded with a heavy weight of 25 Ib., in order to shorten the tests,
did fracture occur, after approximately 1 hr. in the material sur-
rounding the section which had been welded on (see fig. 58). In
this way, the superiority of welding as compared with riveting against
fatigue stresses may be shown so that it appears quite sound to weld
steel buildings which are subjected to heavy vibrations.



CHAPTER V
- Accident Prevention

Welding is subject to dangers to a greater extent than any
other manual or manufacturing activity, and these may lead to
serious accidents not only for the workman himself, but also for those
in his locality, and accidents may be accompanied by more or less
serious damage to equipment. There are, therefore, a series of
regulations and specifications fo guarding against accidents,* which
every workman must know and observe. Bearing in mind the im-
portance of a knowledge of these dangers and the importance of
combating them, a brief report is made of them here.

By far the majority of accidents occur due to the ignorant oper-
ation and maintenance of the plant. Others, which are more rare,
are due to faults in the plant itself. In addition, the activity of the
welder and even numerous properties of base materials, as well as
the conditions under which they must frequently be welded, provide
further sources of danger.

As far as the possibility of accidents, which may be caused by
the ignorant operation and maintenance of the welding plant, is
concerned, we may say that these dangers are very great in gas
welding and in cutting, since the formation of an air-gas or oxygen-
gas mixture provides a- permanent source of danger, which may
" manifest itself in an explosion in the Generator, an explosion in the
building, or an explosion in the cylinder.t

Explosive mixtures may easily be formed in any generator when
it is first put into commission since at this period it is generally filled
with air, which has first to be gradually forced out by the acetylene
gas which is generated. Hence, when a generator is put into service,

o Regulatnns for the manufacture, storage, and use of acetylene as well as for
the storage of calcium carbide. Regulations on the tra.mport of liquefied and com-
gessed gases, Specifications for care against accidents of the German Iron and

teel Association for Welding and Cutting plants working with qompressed gases.
Specifications and Standards of the Association of German Flectrical Enxmm e

+ Kleditz, * Accidents and Accident Prevefition in Aumgenom Weldmg lmd' :

Cumng ”, Schmelzuhwmm Vol. 8 (1929),.p. 7: ) :
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and before welding or cutting are started, one should wait long
enough to ensure that pure acetylene gas is being supplied. In
addition, dangerous acetylene air mixtures of this kind may be
formed during service in the generator, should air enter the apparatus
during sludge removal or filling. Apparatus which prevents this is,
therefore, to be preferred.

The most dangerous are oxy-acetylene mixtures which are
formed when the oxygen gets back through the torch into the acety-
lene line and reaches as far as the generator. This phenomenon is
frequently associated with a back fire. Entry into the acetylene line
can only take place if the hydraulic valve, which is prescribed by law
and which should prevent its going as far as the generator, is either
not present or loaded beyond the cubic feet/hr. loading, correspond-
ing to its construction, or if it is not in satisfactory working con-
dition. It frequently happens that the safety valve is not sufficiently
filled with water or it may allow water to escape. Cases where the
welder, due to negligence and ignorance of the danger, works without
a hydraulic valve, are more infrequent.

The presence of an explosive mixture in the generator does not
give rise in itself to the danger of an explosion. It only occurs if,
in any manner, the gas mixture is ignited. There are, however, a
series of factors which may give rise to an ignition of this kind both
during service and during the maintenance of the plant. One of
the most frequent causes of an ignition is a back fire from the torch
which cannot be held up if the hydraulic valve fails to function. Hence,
attention should be paid to keep this in good order. A second cause
of ignition is provided by the heating up of carbide dust. Carbide
dust, when thrown into water, forms into lumps and gradually
heats up to red heat. For this reason, apart from special generators,
charging should be confined to granulated pieces of carbide which
are as free from dust as possible. Even these may be brought up to
red heat if the necessary quantity of water required for complete
decomposition is not available. This may occur if the lumps get
embedded in carbide sludge and come into contact with water again
when the sludge is rémoved. Especially during the cleaning of the
apparatus the danger of an explosion is present. Inadequate cleaning
or generating, or a too-heavy filling of the feed basket,of *“ water to
carbide * equipment, may result in an accumulation of sludge. This
covers up the pieces of carbide, and in 'thls way they may be a source
k “_\Of dﬂnger "

In addmon, numerous explmxéns are caused on gencrators workmg
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radiating fractures which went very deep, and these were due to
faults of manufacture.

For an explosion of the cylinder contents it is necessary to have an
explosive mixture, and the possibility of an ignition occurring, just
as in explosions in generators. Mixtures of this kind are occasionally
present in cylinders in which the oxygen was obtained by a chemical
process from water, and was therefore obtained simultaneously
with hydrogen. In this way an explosive gas, which is a mixture
of both gases, may be formed. Since oxygen is almost entirely

Fig. 1.—~Test of a cylinder: X-ray ph h of the base of a cylindeg

obtained to-day by the physical process from liquid air, and since
this is only made slightly impure with nitrogen, the dangcr that
explosive mixtures may occur in oxygen cylinders only exists if
oxygen and hydrogen cylmders are mixed up during filling. One
can protect oneself against this danger by means of the so-called
“ soapy-water * test. ‘This consists of leading oxygen from the
cylinder which is to be tested, at low pressure, through a hose into
a dish, which is filled with soapy water. If the bubbles which rise -
are ignitéd they should burn silently, if :the oxygen is pure. - They
ekplode, however,, with a light report which can be heard if an
“explosive gas mixture is present. Up to a short timé ago the mixing
of ‘cylinders - was pomble in spite of -the -regulation that _exygen °
cyhndm had to have a nght-shanded thx:ewd and hydwgen cyimdcm i
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a left-handed thread: Nowadays it has been laid down that the
connecting piece on oxygen cylinders has to be about % in. larger
in diameter than the connecting piece on hydrogen cylinders so that
mixing of this kind does not occur at charging stations.

The possibility of an ignition is also provided when the pressure
reducing valve is burnt out, or if the cylinder valve comes in contact
with fat or oil. The friction of a high-pressure discharge of oxygen
is sufficient to cause an ignition. A so-called burning-out guard pro-

'Fig. 2.~Test of a cylinder: Plan view of the cylinder base after cutting through the cylinder

vides a protection against burning out the pressure reducing valve,

which is caused by the heat of compression when the valve is opened.

This is'the type which is shown in the section of the pressure reducing

valve (see p. 45). It has been previously stated that oil and grease.

must be kept away from oxygen valves, and that even touching them
~with greasy hands may be dangerous.

If pressure reducing valves freeze due to the cold set up by
expansion, the same remarks apply as apply to the thawing of
- generators. For this purpose only hot water or hot cloths should

‘be used and never flames or red hot metal. Electrical equipment
for protection.against. freezing, which acts as a small resistance oven,
" has proved sausfactory, \and it ‘may also be fitted even on batteries
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or cylinders. Its use depends on- a source of current being
available. ‘, ,

Finally, danger may also be caused by'gas lines and gas hoses.
One cause of explosion is to be found in the hoses getting filled with
an explosive mixture due to oxygen getting back from the torch. The
possibility of an ignition is provided by a back fire due to the torch
becoming choked or due to its being in faulty condition, or in
addition, as a result of a careless search for leaking places. In this
way, the gas lines are frequently set on fire, and this may lead to an
explosion. The correct way is to brush the line with soapy water
in order to find out whether there are leaking places or to put the
hoses under an air pressure test under water, and this should be
done at least once a month.

If the gas lines have to be cleaned, and this should be done from
time to time because of the dirt which may be introduced by particles
of rust or of soot, formed by the decomposition of the acetylene,
blowing out the line must always be done in the direction from the
generator to the torch so that explosive mixtures are not sent into
the generator. It is absolutely wrong, therefore, because of a shortage
of compressed air, to use the oxygen which is under pressure in the
" cylinder, for blowing out purposes. Even this has occurred, although
it may seem hard to believe.

The dangers which threaten the welder in Electric Welding are
less than those in gas welding. In the former, accidents generally
are only caused by catching oneself in the machine or by making
contact with low-voltage equipment.* Accidents may be avoided
by keeping all insulation in good condition, and by preventing the
welder from coming in contact with any equipment which is carry-
ing current by suitably wrapping the latter. In addition, attention
should be paid to earthing the frame of the machine and the work
soundly. - The work should not be put on supports which provide
a higher resistance to the current than does the welder’s body. It
is advisable for the latter to insulate himself to earth, and this can
‘be done by means of wooden shoes, leather shoes having wooden
goles, or by means of a wooden mat or frame. If welding has to be
carried oyt on boilers, containers, ships, or on steel frames where
there is a danger that the welder may prowde a good conductmg

- ® Neiss, “ The Causes of Eieetrml Accadenu in Arc Welding Eqmpment md
How to Guard against Them ', Schmelzschweissung, Vol. 6 (1927). P. 196,

Ftitz, * Protection iortheElect:wWeMer'V chmeluchmw Vd 6, :
‘(!9:7)19 153. RN T
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connexion to earth, by coming in contact with metal parts, then
welding ought at least to be done with alternating current.
Workmen who are very sensitive to electric shocks should pre-
ferably not take up the calling of an electric welder.
In the Welding Process itself, the welder and those in the vicinity
are exposed to danger from flying sparks and from arc rays, and in
certain circumstances, from the heat which is radiated from the
work. For this reason, to protect the body against showers of sparks,
suitable working clothing should be provided, which in special
cases, should serve as a protection against heat. This consists of a
closely fitfing fireproof suit, leather shoes with wooden soles, gloves,
the surface of which is made of leather, or gloves which are entirely
made of leather or asbetos. ‘ .
Special protection is necessary for the eyes. The gas welder
requires goggles with dark glasses for
this purpose, and these protect the eyes
against the blinding light rays and also
against sparks and splutterings of metal.
It is better for the electric welder to use
a face shield. Since he has one hand
free during welding he can do this. If
his face has also to be protected against
heat rays as is the case in hot welding
with the arc, a face mask with protection for his neck and shoulders
takes the place of goggles or a face shield.
The goggles should fit the face well so that light rays from sparks
“do not hit the eye from the side. In addition, they should not possess
any metal parts which touch the skin and which will become warm
‘from the heat which falls on them during welding, but the frame of
the glasses should be made of Presspan or leather. The glasses
should be easy to change. As far as their colour is concerned, we
have already said all that is necessary.
Goggles have recently been so designed that the welder may
lift up his glasses during interruptions in the welding in order to
cool his eyes, and in this way he can look after his other gear much
better than is permitted with coloured glass. Fig. 3 shows goggles
of this type. This type is willingly used by welders. At the same
" time there is a considerable disinclination to use the light protective
cap as Well as the heavy protective hood, the former of which has
-a frame which can be fitted on and fixed to the head by means of a

rubber band. The face shield may be dangerous if the welder touches

Fig. 3.—~Protective goggles
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which the generation of gases is even less. Since, however, the gases
are irritating, care should be taken, where it is possible, to provide
good ventilating equipment over the welding places.

On the other hand, a further source of danger may be introduced
by the properties of many materials or objects which have to be
welded, and these may be harmful to the welder.

" In the Welding of bronze, brass, zinc, tin and lead, gases are
formed which are very dangerous and from which the welder must
be protected by the provision of breathing masks (respuators) and
this point was stressed during the discussion on the welding. of
these metals and alloys. The greatest care should be taken that these
regulations are not broken as a result of negligence.

The same danger may be introduced during work on containers
which have a coat of lead paint, and this should be carefully removed
before welding or cutting work is undertaken.

In these circumstances also the provision of respirators as a pro-
tection against the lead vapours which are generated, is compulsory .
under Factory Regulations. The danger of lead poisoning is in-
tensified since lead does not betray itself either by taste or smell.

A further danger is threatened in Containers which have held
mineral oils, benzine, or gases. There is here the great possibility of
danger from explosions. A large number of fatal cases have been
recorded which have been due to lack of care on such work. The
remaining traces of oil and benzine vaporize on welding and form
an explosive mixture with the air in the container and this is ignited
with the welding flame. It is not sufficient merely to clean out the
traces thoroughly, but additional precautions must be taker. The
Regulations of the Norddeutsche Eisen- und Stahlberufsgenossen-
schaft (North German Iron and Steel Association) for welding
and cutting plants, working with compressed gases, lay down the
following Regulations: “ When welding and cutting work is ‘carried
out on vessels which have contained tar, oil, benzol or any similar
combustible liquid, an adequate supply of hot and cold water or
soda lye must be available. Moreover, when such work is carried
out on vessels which have contained an explosxve gas, sufficient:
quantities of steam, carbon dioxide, compressed air, or water for
washing out’ ‘and filling the vessel must be available. The insured
patties are responsible for removing from'.such a vessel, before
welding, any traces which may be present and also for carrying out
a thorough washing and for :muntammg connexions to the veuael ,,
opeu even durmg weldmg , o demat b
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One is in a much safer position if, in order to remove any
explosive mixture during welding, one fills the container with water,
'where this is possible, and only has sufficient air space to leave the
portion, which is to be welded, free. On small vessels, from which
water may easily be emptied, there is, as a rule, no difficulty.

Explosive gas mixtures may even be formed by the acetylene
welding flame, and in the welding of hollow vessels they may prove
dangerous. In the neighbourhood of the illuminating portion of
the flame, mostly hydrogen and carbon monoxide are formed if the
welding flame is held at right angles to the weld zone and at a short
distance from the latter. If these gases mix with the air which is
present in the inside of the hollow vessel, they may even give rise
to an explosion. The habit which the welder has of lighting the
combustible gas on the welded article while it is still red hot may
lead to the formation of oxy-acetylene gas mixtures, and these may
explode in confined spaces if the torch is not lit and the gas passes
out unused. Y

It is, of course, obvious that on such work in hollow vessels care
should be taken to ensure an adequate supply of air or oxygen so
that there is no danger of suffocation due to nitrogen or other causes.
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PART III

Gas Cutting

Gas cutting, which is also called autogenous cutting, is a German
invention made in the year 19o5. During the following years the
invention spread rapidly over the whole world. It serves the purpose
of cutting up articles quickly and cheaply by means of a sharp,
clean cut. For this purpose a specially designed torch is required,
the cutting torch. Articles may also be cut up by means of the
welding torch flame or with the arc, but this work cannot be called
‘“ cutting ”, but is merely a process of melting through. In these
cases the cut.gap is wide and dirty. Experiments to make clean cuts
with the arc have frequently been put in hand, but up to the present,
with the exception of the so-called electric cutting saw, they have
not led to practical results. Even this method does not seem to have
made much headway in practice as compared with the simpler and

“cheaper cutting torch which is employed.

Gas cutting with the cutting torch is based on the fact that, in a jet
of oxygen, steel burns vigorously if it is brought up to its ignition
temperature. The oxygen, which acquires a high velocity and takes
on the shape of a jet by passing through suitable nozzles, also serves
the purpose of removing the burnt particles of iron. The cutting
process, therefore, .consists of three separate -processes: (1) the
heating ‘of the iron up to the ignition temperatire, (2) the burning
of the iron in a jet of oxygen, (3) the removal of the burnt pamcles
of iron by means of the jet 6f oxygen.

‘Gas cutting may only be: completely used on steel and cast steel,
.and to a limited extent on cast iron. = Two conditions. have to be

ptescﬂbed before metals can be cut in thxa way. Firstly, the ignition
o ture of the: mnetal anust’ lie- beskvw its: meltmg-pomt ‘and’,
,. oxxdewhwhtsformaﬂ mustfmemmeeamlythanthe
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metal. If the ignition temperature lies above the melting point, the
metal melts before it arrives at the stage of combustion. A clean cut
is then impossible. If the melting temperature of the oxide is
above that of the metal, an oxide also forms on the cut surface
and this prevents continuous cutting work.

In addition, it is desirable that the metal should not possess too
high a heat conductivity so that the heat is not conducted from the
point of cutting, to such an extent that the temperature of this point
sinks below the ignition temperature. The oxide should also be easy
flowing, and possess as low a specific weight as possxble, so that it
may easily be removed by the jet of oxygen. '

Copper and aluminium and their alloys, as well as the remaining
hght metals, do not fulfil these conditions. For this reason gas cuttlng
is not applicable to them.

Ease of Cutting Alloy Steels.—The question whether, and to
what extent, alloying constituents in steel influence the ease of
cutting, is very important. A detailed investigation has been carried
out on this matter by the I.G. Farbenindustrie A.G. in Frankfort-
on-Maine (Griesheim).* The results show that a content of iron
carbide (Cementite) and graphite, with highly alloyed iron-carbon-
alloys, makes cutting difficult. An alloy of this kind, in certain cir-
cumstances, may only be cut after considerable preheating.

On the other hand, a manganese content in iron alloys simplifies
- cutting since this in itself is easy to cut. Austenitic manganese
steel with 13 per cent manganese and 1-3 per cent carbon is extra-
ordinarily easy to cut, whereas it cannot be machined by plamng,
milling, &c.

Silicon alloys, with up to 4 per cent silicon, are also easy to cut,
but silicon diminishes the cutting speed if the carbon content of the
alloy exceeds o2 per cent. With higher carbon contents-the alloy
loses its ability to be cut.

A chromium content up to 10-20 per cent makes the alloy unable
to be cut. Alloys with lower chromium contents have shown that
they may be cut cold.

Nickel steels, having a nickel content up to 34 per cent, are easy
to cut. Above this limit the ease of cutting diminishes considerably.

_Copper steels with up- to 07 per cent copper behave like ordmary
structural steel.

-

® Wiss, “ Concerning the Application of Aucogemm c in thacum z-u"
Manufaoturmg Tradea » Autogenz Metallbear bcmmg, Vol 22 (xgzg), l’ 6,
oo, N Ve :
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Alloys with tungsten may easily be cut cold if the tungsten con-
tent does not amount to more than 10 per cent. They may also be
cut hot with a tungsten content up to 17 per cent. After that they
are no longer capable of being cut.

Within commercial limits, phosphorus and sulphur do not effect
cutting.

Gases for Cutting.—For preheating the weld oxygen mixed with
a combustible gas is necessary.- For cutting, oxygen of high purity
is required. Initially hydrogen was exclusively used as a com-
bustible gas, since this has the widest application for cutting (up to
40 in. material thickness). In recent years, most people have gone
over to the use of acetylene as the heating gas and this is suitable
for the majority of cases (up to 24 in.). It is admittedly necessary
with acetylene to adjust the heating flame very accurately and to
keep the .flame at a definite distance from the work, so that it re-
quires definite experience and practice on the part of the cutter,
At the same time, it has the advantage that it is available in almost
every workshop where it is used for welding purposes, and this is
not always the case with hydrogen.

In addition to acetylene, the combustible gases, benzol and ben-
zine vapour, may be used for preheating. The equipment which is
necessary for this purpose has the advantage of considerable sim-
plicity and cheapness. Benzol vapour itself is cheaper than hydrogen
and acetylene, but this advantage is neutralized because of the
increased consumption of oxygen.

Illuminating gas is quite suitable for cutting thinner plates (up.to
"6 in.). Even unskilled workmen can make a smooth cut with it.
The cutting speed, however, with illuminating gas is less than that
with acetylene, and in addition, a longer preheatmg time is required.

The degree of purity of the oxygen exercises a definite effect
on ‘the cutting output. The tests which were put in hand in 1927
by the Chemisch-technische Reichsanstalt (The Chemico-Technical
State Laboratory) in conjunction with the Schweisstechnische
Versuchsanstalt des Reichsbahn-Ausbesserungswerkes Wittenberge
(The Technical Welding Research Department of the State Railway
Repair Workshop, Wittenberge) have given information relating to

~ this matter.* The illustration -of the curves in figs. 1 and 2,
vwhtch were obtained from the tests, show to what extent the time -

" Rimrah Kantnc: and Stmb "Thc Inﬂuenoe of Oxygen Purity on Cutting
by means of Oxyaen and. Acetykme ki Aucogme Memab«rbam, Vol 21 (1928),
. p. 3“‘ ‘
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4

and the oxygen consumption increase during cutting, on account
of the impurity of the oxygen, and in addition, they show how
these depend on the working pressure.

The Cutting Torch.—Cutting plants for various combustlble
gases are the same as welding plants; only the construction of the
torch is different. The cutting torch is a combination of the welding
torch with a special feed for the cutting oxygen. The flame, in
the portion which is made like a welding torch, heats up the article
to the ignition temperature.
7% 0 VAl The high pressure oxygen
BI%% which flows out of another
_ pipe carries out the cutting

i work. Every cutting torch,
w75\ "\ | \ therefore, has two nozzles
— which are arranged one be-
hind the other or concen-

\ \ trically. In the first case the
preheating nozzle is situated
in front of the cutting nozzle
when viewed from the direc-
tion of cutting. In the second
\QQ case the -cutting nozzle sur-
~—_ | rounds the preheating nozzle

' ~——— | concentrically. This arrange-
ment has the advantage that,
Frecure. Ibs. Jinst © in cutting, the torch may be

Fig. 1.—Time taken to cut the same length in 'moved in any desired direc-

fo cutio, depending an the woring prasure, tion, and it is very easy to
make curves with it, whereas,

on cuts with the other type, the jet of oxygen ina “branch” or *“two
jet 7 torch comes out in such a way that it is deflected a little side-
ways, so that it makes a wide cut, and does not accurately impinge on
the preheated spot. For this reason concentric jet torches have almost
completely displaced the type where the nozzles are placed one
behind the other, although special attention has to be paid to
correct setting of the preheating flame with the former so that-it
does not exercise a carburizing effect. In the other type of construc-
- tion this danger is not so lkely to occur, since the heating flame is
set back somewhat because of_ the clearance which is required. At the -
same time, the oxygen jet acts more cﬁicxemly because the -corre-:
.spondmg exxt nozzle can be broug}xt mueh nearer to the mk '

4
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—
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arrangement is impossible with the concentric jet torch, as otherwise
the heating flame would melt the cutting nozzle. The drawback
that, with the concentric jet torch, the preheating flame touches the
article ‘twice, should also be mentioned.

Since, apart from the combustible gas, oxygen has also to be led
to the torch at different pressures for the purpose of combusting the
gas as well as for cutting, various types of oxygen feeds were originally
provided on the torch so that, including the hose for the gas, three
hoses had to be connected.
The gas, the oxygen for com- 936%0,_)\ )
bustion, and the oxygen for
cutting- were led separately —
to the torch. For this purpose,
the oxygen cylinder had a
double reducing valve. Al-
though this apparatus proved
very satisfactory in service,
one went over to the torch
with two hoses since three
hoses hindered the operator
considerably. In one line the
combustible gas is led to the
torch and oxygen is led in a
second. By means of a special
valve, the oxygen required for
the preheating flame may be ‘ zfn,.,,su,, /bs/;,,:oz ®
taPPed off. The torch with Fig. 2—Oxygen consumption in gas cutting
two hoses has the drawback for various oxygen purities, depending on the

| R A working pressure.
that, during working, there is
an interaction between the heating and cutting oxygen, which must be
taken into account when setting the heating flame. With torches
having two hoses, the flame should be set with excess oxygen since
a reduction in the supply takes place when cutting oxygen is being
used at the same time. For this reason, on cutting machines a return
has been made to the torch with three hoses, since with this type
there is no reason for limiting the number to two hoses, whereas
for manual work the torch with two hoses has become predominant.
-+ In workshops where a lot of cutting is done, it i advisable, even
more than with welding installations, to connect several cylinders
" togethcr to form a central battery, or to arrange a central supply of
.,oxygen,, since the consumptxon of oxygen is hlglu .
(BO74)

A\

7
\

Oxygen Consumption C.Ft/ Foot

~

#
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Depending on the kind of combustible gas which is used or the
purpose for which it is used, some distinction must be made in
the range of various types of cutting torches although they do not
differ essentially from one another. On the one hand, we have
cutting torches for acetylene, hydrogen, benzol, and illuminating gas.
On the other hand, torches are constructed for longitudinal cutting,
and for the following special purposes: hole cutting, rivet head
removing, rivet shank removing, under water cutting, boiler tube

Oxygen
General Arrangement

Co,

[/}

PF. "

4 Heating Gas(/l 0)
4. Freheating Flame ( PF)

Oxygen(0)

Section A-B

Fig. 3.~—~Concentric gas torch L4

cutting, and for cutting cast iron. In addition, welding and cutting
torches are frequently combined in one design, and in this type a
special cutting insert is provided for the cutting torch. A torch of
this kind has already been shown in figs. 33 and 34, p. 50. Fig. 3
illustrates a concentric jet torch which is frequently used. If the
ordinary type of design is unsuitable, the type of construction may
be suitably modified. For example, on breakdown coaches, torches.
are made with an elongated handle and a long cutting head, in case
work has to'be camed out in corners which are difficult to get at.
‘For work on stagings, for dismantling work, &c., one-handed.
torches are to be recommended, and these enable the torch to be
handled, and, at the same time, enable one ‘to: open md shut thc :
oxygen cutting valve with one hand: - L
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A special design, which is widely used, is the rivet head torch,
which is shown in fig. 4. It possesses a tip which is shaped like a

Fig. 4—Rivet head torch

flat shoe. The preheating and cutting gas come out of two nozzles
which are arranged alongside one another, and they pass out oyer

i o

L ] ;1 -

Fig. 5.—Carriage for Fig. 6.—Carriage for Fig. 7.—~Twin
vertical cuts bevel cutting carriage

Fig. 8 Fig. ¢ Fig. 10
Figb. s-xo.—Guide carriages for cutting torches

the riveted plate so that, when the rivet head is bemg cut off, the
former is not damaged. The tip may be moved in all directions.
~In order to ensure that the nozzles of the torch during welding are
, always guided at a uniform distance from the work, which is neces-
'mry fot ensurmg the steady completion of the cut, normal torches
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are supplied with guide rollers or a guide carriage which may be
removed so that cutting may be carried out without them. Figs.
5-10 indicate a series of guide carriages of this type for various
classes of work, provided with slot adjustment gear or the two link
arrangement.

Another special type of construction is the under water cutting
torch, which renders cutting under water possible. It is connected
to four pipes through which compressed air must be fed in addition
to cutting oxygen, heating oxygen, and the heating gas. By means
] of a powerful concentric jet of
compressed air, water is forced
away from the cutting surface,
and both the preheating flame
and the oxygen cutting flame are
surrounded by a shield of air.
The cutting process is otherwise
similar to cutting in air. The
deeper the work is done under
water, the greater must be the
working pressure to which the
gas is adjusted.

Cutting Machines.—The more
steadily the torch is guided the
cleaner is the cut. Since moving
the torch by hand is never done
as regularly as in a machine, steps
were taken a long time- ago to
construct cutting machines, since
in addition to this advantage they possess the advantage of having
a higher cutting output. The conditions for mechanical drive
are much simpler for cutting than for welding. Consequently,
cutting machines are to-day constructed so perfectly as to make
it possible to cut out constructional members of all kinds so cleanly
that subsequent machining is no longer necessary. The feed of the
torch was first carried out on cutting machines by hand using a
crank. The machines which are at present on the market are pro-
vided with ‘electric motor drives throughout.

- There are smaller machines which may be brought up to the
work and larger fixed machines which can be employed satisfactorily
where a large amount of work is done. In addition, special machines
are constructed for definite purposes such as longitudinal cutting,

Fig. 11.—~Shaft-cutting machine
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circular cutting, the cutting of shafts, the cutting of rolled sections,
&c. A machine of this type is shown in fig. 11 (a shaft cutting
machine). Accurate setting of the torch is achieved by means
of a parallelogram guide.
These machines to-day
have also retained their
field of application on
work where cuts of the
same type have to be car-
ried out in large numbers.
After machine cutting with
machines had started in
Germany, cutting with
machines working with
templates was adopted
from other countries.
To-day excellent ma-
chines are also constructed
in Germany which fulfil
all  requirements, and Fig. 12.—Curve-cutting machine
which at the same time
make it possible to obtain cuts of all kinds in which the cut
edges are extraordinarily clean. From the large number of

Fig. 13.—~Hand-cutting machine ‘* Secator ” -

machines, only a few examples can be mentioned. In general,
reference must be made to the literature and to the publications
‘of manufacturing firms.*

*. . "Wiegand,  Advarices in Autogenous Cu utting . A paper given on the ocemon
. ‘o the Maetmg of the V.D.I. (1930) in Vxennz Publication by the firm
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Fig. 12 shows a curve cutting machine which runs on a tem-
plate made from a bent strip and this may be used with success in
the construction of boilers and containers.

i S

Fig. 15.~Universal cutting machine

s

Fig. 13 shows a cutting machine which is called the * Secator ”. .
It may be guided on a drawing or a tracing and also on guide rails.
In the same way bevel cuts for making edges for welding or caulking
can be made on this machine, just as can _be done on all guided
machines. ‘ _ i '
Gri -Kalisch, * Gas velding and Cutting Technology ”, at the Leipaig Fair,
1930, Schmelzschweissung, Vol. 9, 1930, p. 99. ~ N SR o
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Whereas guiding of the machine on the type previously men-
tioned is usually carried out by hand, the template cutting machine
for series and mass production work shown in fig. 14 is completely
automatic. The cross carriage which carries the torch is guided
along a template by means of a magnetic roller.

Finally, fig. 15 shows a fixed, large size, universal cutting
machine of German construction.

THE CutTING PROCESS

For cutting purposes, the combustible gas is first fed to the
torch and ignited, after the preheating oxygen for the heating flame
has been fed in. This is so adjusted that, for hydrogen, a short
non-illuminating flame centre with a long bluish-yellow shielding
flame is obtained, and with acetylene a short, sharply defined, bright
illuminating central flame with a long non-illuminating surrounding
flame may be seen. The preheating flame is then allowed to act on
the article until this is brought up to white heat. Only then is the

" oxygen cutting valve opened and the cutting process begins. The
start of the cut should always be made at the edge of the article. It
is only when a cut is to be taken out of the middle of a complete
plate that a hole is first burnt in the latter and the cut is started
there. It is advisable, in this case, to fix a setting with a rather
higher oxygen pressure and a somewhat softer preheating flame.
The torch is kept quietly on the spot until the oxygen jet goes
through.

As soon as the jet of oxygen begins to cut, the torch is slowly
drawn forward. In this way the oxygen jet always impinges on a part
which has been adequately preheated, so that continuous cutting
takes place. Theoretically the heating flame could then be ex-
tinguished.

The preheating flame in the oxygen nozzle must always have an

_accurate constant distance from the cut surface. ~With material
thicknesses of § in. to 2} in. this distance should be } to % in. With
thicknesses of 24 to 54 in., about % in. to } in., and greater than this, -
4 to g in. If guide rollers or guide carriages are used, they are initially
set to give this distance. Using the wrong distance with the torch
. leads to variation in the width of the cut; -as the distance i increases,

- the width i§ mcreasod Figs 16 to. 18 show to what extent thxs is

i If xhe hmtmg ﬂame is adgusted too Iarge, the upper layeris fused
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and with hydrogen, decarburization of the cut surface takes place.
Acetylene, on the other hand, often has the effect of carburizing the '
iron through the whole depth of the cut. In both cases we get irregular
cut edges. The effect of having too large a heating flame is very
great with concentric jet torches in which the flame acts for a longer
time on the molten metal. Even with a normally adjusted flarhe these
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Distance of Nozzle-ins. |
Figs. 16-18.—Width of groove for various distances of the nozzle from the job

effects are present. They are, however, so insignificant that, as a
rule; the cut edges do not experience any harmful change in crysul
© structure.

The torch must be held steady. An irregular feed of the torch
results in unclean cuts. In order that the guiding of the torch should
not tire-the welder, he should, where possible, support it with his
free hand and draw it towards him. The cutting speed is governed
by the thickness of the article and the experience of the welder, If
the ‘thlckm':ss is "too great, cutting stops The cumng oxygen mmm
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then be turned off and the article must be reheated up to white heat.
If the flame strikes back, all the valves on the torch must be imme-
diately shut. The tip is then cooled in water before cutting is started
again. If the cutting work is interrupted for any reason, the oxygen
valve should be closed for reasons of economy.

Rolled sections cannot be cut through in one cut. In these cir-
cumstances, it is necessary to start the cut many times from the
outer edges; for example, on angle irons it has to be done twice
Cutting through several plates laid one over the other cannot be
done in one cut, since

one is faced with too

gh a inniaing ot [
the plates must be cut Fig. 10.—Dirty nozzle

one after the other, a

wider groove being cut
in the upper one through

which the next one may Fig. 20.—Irregular forward travel
be reached.

with an irregular guiding

of the torch, or by an in-~ Fig. 21.—~Too big a heating flame

correct adjustment of the '
nozzles results in an irre- :

gular cut (see figs. 19 to Fig. 32.—Good cut

22). Dll‘ty nozzles may Figs. 19-22.—Good and bad gas cuts
also lead to back fires.

The Use of Gas Cutting—Just as welding was only initially used
for repair work, the cutting torch, in the very early days, was used
for dismantling work during breaking up and scrapping. In this
field it has become an indispensable tool since there is no other pro-
cess which is as cheap. Whereas in welding engineering, a change
to initial manufacture, in various fields, only took place relatively
late, the cutting torch was used for fabricating and cuttmg new
members very shortly after its introduction. If it is borne in mind
that, although straight cuts can be made with shears and saws on
plates, round bar, and sections, but that cutting-out work, slotting,
“or circular cuts cannot be made with this equipment, and that when
work of this kind is done without the cutting torch one has to employ
" drilling and milling, it is easy to see how great an economic advance
Cin teehnology was aﬁ'orded by the d:scovery of the cuttmg torch
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In spite of this, the use of the cutting torch was, up to a short
time ago, limited by official regulations and manufacturing specifi-
cations, so that the economic advantages of this process could not
then be completely employed. It was assumed that the material
changes which were set up by the heating effect during gas cutting
at the cut edges would cause cracks in the material. Even after the
production of perfectly smooth cuts was made possible by the
introduction of the cutting machine, so that notch effects which
might be started at a groove of a hand cut were eliminated, the regu-
lations were not at first changed. Gas cutting was either entirely
forbidden, as for example in steam boiler construction in which the
making of edges for caulking was not allowed by gas cutting, or at
least it was laid down that the cut edges had to be subsequently
machined either by planing, milling, turning or chiselling, so that
the layer which had been affected was removed for a sufficient dis-
tance. Opinions differed in regard to how deep the influence of the
heating goes and what this influence at various depths is.

What exactly the state of affairs in this respect is was cleared up
recently by comprehensive tests carried out by the Research Labora-
tories at the I. G. Farbenindustrie A.G. Griesheim.* Experiments
cover not only the ordinary constructional steels, but also alloy
steels and a comparison with other forms of working. In order to
clear up the matter further Der Fachauschuss fiir Schweisstechnik
(Technical Committee for Welding Technology) has collected
material from the Studienauschuss fiir hochwertigen Baustahl
(Committee for the Study of High Grade Constructional Steels),
from the German State Railways Co. and from the Technical High
School, Charlottenburg, who had also been occupying themselves
with tests in this direction.}

It was established metallurgically that, in a gas cut, three zones
which may be distinguished from one another stand out more or
less clearly. Fig. 23 shows this. In the external zone a at the edge,
a coarse grained structure is clearly indicated, and according to the
composition of the material, this shows evidence of separation or
aggregation. In the middle zone b, there is a normalized structure
from which the regular distribution of carbon in the steel may be‘

L Autogenoun Cutting of Structural Alloy Steels . Cammumcmon fmm -
the Research Laboratories Auto, us Worhhops of the I Farbemndusme '
A. G., Frankfurt-Griesheim. = Py t;nmd a8 a manuscript,” ‘
: inLpert * Material C| in Structural Steel Worked wmh a Cm::f-.;
Torch . Report prepared by ¢ ‘Techmcal Commxm for eldmg ‘Teolmoluky
of the V D.I., 'Vol 75 (191:), Py 649, -
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seen. The fine grained structure extends further the more rapid
is the cooling of the cut surface. It also depends on the material
thickness. Finally, in the third zone ¢, a change to the structure of
the material takes place. Depending on the class of material, the
effective depth from the tests was as follows. For the zone g,
-008 to 022 in.; for the zone b, 008 to -051 in.; for the zone c,
-008 to -021 in. The total zone affected was never greater than g in.
Without going further into the matter, we see that specifications
which called for a machining of the gas cut for a depth of at least
3 in. go far beyond what is necessary.

Autogenously cut edge

vl W) s, e et p .

q T opT e [

Fig. 23.~Micro-photograph of a gas cut. 100 magnifications.

a, b, ¢, influence zones.

Experiments were not limited to'a metallurgical investigation.
In order to clear up the matter further as to how parts which were
made by gas cutting behaved under working stresses, tensile and
bend tests were put in hand both 6n ordinary structural steel and
on high alloy steels., The tensile tests showed a somewhat higher
strength with a somewhat lower ductility as compared with un-
" worked steel. The deformation capacity remained the same. The
bend tests showed in every case angles of bend to 180° without frac-
ture, with very few exceptions, and these could not be put-down to
the gas cutting process. On the other hand, with another series of
tests on sheared cuts, serious craclung occurred which could be seen
‘with the naked eye. In general, it was established that the edge
effect. due to squeezing and deforming the material was much greater
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and more seriously affected the use of the members, on members
which had been manufactured by mechanical methods, than on
parts which had been made by gas cutting.

It may, therefore, be assumed that the regulations which limit
the use of gas cutting will be removed in future, as has happened
to some extent, and that the unrestricted application of this process,
which is the cheapest of all cutting methods, will be granted. This
will be a great advantage, especially for welding technology, since
cutting of the members to be welded, using a gas cut, a process which
has already widely established itself, will reduce the costs of manu-
facture in all cases. In addition, gas cutting will contribute con-
siderably to increased economy in other fields, as for example in

Fig. 24.—Cast-iron cutting torch

1, II, Auxiliary nozzles; A4, preheating and cutting nozzle,

steam boiler construction, container construction, shipbuilding, in
which it can replace parts which were previously forged by parts
which are cut from the solid. In addition, it may be assumed from
the tests, which have prcvmusly been described, that cutting can be
adopted without any reduction in quality. At the same time, it must
be admitted that gas cuts occasionally do not give a perfectly smooth
cut edge, especially on long cuts, or on high alloyed or high carbon
materials, because of irregular composition, and also because of the
presence of segregation zones. A certain amount of care should
therefore be exercised, and the result of tests dealing with these
special cases should be watched. Gas cuts on springs, from a material
of 50 tons/in? tensile strength have completely fulfilled all expec-

tations, so that it is intended to employ them without further question. -
Additional experience will create new fields of apphmtxon for gas

cutting, .
~ The Gas Cutting of Cast Iron. ——Aa was prevxously pomted out, '
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gas cutting is only applicable to steel. A cutting process has certainly
been worked out for cast iron, but strictly speaking, it is a smelting
process. It has not acquired the importance of steel cutting, since
it can only be considered for dismantling work. At the same time,
it may introduce considerable simplification in the scrapping of blocks
of cast iron. In conclusion, therefore, it will be discussed briefly.

The reasons why cast iron cannot be easily cut are to be found
in the reasons which have already been discussed. There have been
successful attempts in making cast iron so that it could be gas cut
by melting down steel wire into the cut groove, so that the cast iron
acquired the characteristics of steel at the point of cutting. The
process, however, did not yield very satisfactory results. Recently
Kalisch * has taken up this process again with more success. He
went about it in the following way. The cut edge was preheated to
red heat, and then the filler material, which was used for the fusing
process, was brought quickly up to the edge. Simultaneously the
same movement was carried out with the torch. The filler rod and
the torch were removed for a short time, and then the portion at
the edge, which now had a lower carbon content, was burnt away
by bringing up the flame once more.

Up to a few years ago, the cast iron cutting torch, illustrated in
fig. 24, was in most gencral use. In addition to the concentric pre-
heating and cutting nozzle A, it possesses a supplementary nozzle I
and I7 situated before and behind the former. Through the com-
bined effect of the three flames, a considerable portion of the molten
iron is oxidized and a very much quicker and smoother cut can be
obtained than with the ordinary cutting torch. .

The edge of a cast iron cut is not as narrow and smooth with
either of the two processes as in the cutting of steel, but as a rule
it fulfils all the requirements which can be asked of it.

* Kalisch, ‘“ Recent Investigations into the Gas Cutting of Cast Iron >, Autogene
Metallbearbeitung, Vol. 23 (1930), p. 15.
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Accessories, 1
— for arc welsmg, 82—4. !
— welding, 53, 56.
Accidents, electric welding, 270-3.
— gas welding, 264—70.
— prevention, 264-75.
Acetone, 12, 44.
Acetylene, 2, 10-2.
— generators, I15.
— plant, 14, 15-30, 40.
— r6esulati0m. 23, 33, 38-40, 41, 55, 266,
267.
Aeroplane, 203.
Aftermake of gas, 26, 29.
Ageing, 260~3.
exander’s process, 94.
Alloys, steel, 126, 127, 278.
Alternating current processes, 93.
Alternator casing, 206.
Aluminium, 170, 172, 278.
— alloys, 155~9.
— cast, 158, 159,
— — forgeable, 158.
— and X-rays, 241I.
— forge welding of, 167.
— hard solder, 164.
~ thermit welding, 3, 192-6.
— welding, 157.
Angle joints, 102, 103.
Angle of weld, 107.
Annealing, 111, 112, 119, 128, 120, 218,
230, 231.
Apparatus, 14.
Applications of resistance welding, 19o.
— welding, 197-210.
, and cinema film, 60-2.
— and fusion proceues compared, 93, 94.
— and gas welding compared, 93, 94, 97,
106, 113, 114, 120, 12X, 123, 124, 127, 128,
129, 130, 137.
— characteristic, 58.
. = in various gases, 95.
~— iron transfer with, 59-63.
imum conditions i in, §59.
pﬁotographa of, 6o, 61.
— tempenture of, 57
~— zones in, § .

. Arp roceau, o
‘Ar‘c%.z:‘?dms, bs:(; ’ qa, 15424, '
= good i 238, 239.
' Anlf:c?m ecti’m, 56. . :
r ) 94

gemm, 2

Autogenous cutting, 277-93.

Automatic machines, 123.

Backward welding, 87, 88, 110, 111, 112,
113.

Barge, welded, 204.

Beagid, 11.

— generator, 29, 30.

Benardos process, 92, 148.

Benzine, 13, 274.

Benzol, 13.

— flame, 110.

— plant, 13.

Bevels, 101, 102.

Blow, of arc, 116, 117.

Bogie, wclded 204.

Botlers, 168

— steam, 205, 206.

— tests on, 258,

— welded, 201, 202,

Brass, 154, 155, 170, 172,

— red, 155.

Brazing, 162, 165, 166.

— of cast iron, 165, 166.

Bridges, 208.

Brinell hardness test, 238.

Bronze, 155, 170, 274.

Building-up welding, 99, 113, 121, 155.

Burr, 176.

Butt welding, 99, 170, 171, 174, 175, 177,
178, 180.

— — compared with spot welding, 181.

— — of pipes, &c., 194.

Cable, 83, 84.

Calcium carbide, 10.

Calculations, 213-5.

Canzler wire, 151.

Carbide, 10.

— regulations for, 38, 40.

~—— to water generator, 19, 21, 23, 24.

— to water system, 266

Carbon and iron, 123, 126.

Casing, altemator, 207.

— fan, 206!

Cunngs, non-weldable, 147.
. Cast iron, welding of, r36—48

Cemenute 126, 278,

Chnm welding mnchme, 175.

ristics, carbon arc, 6
—~ choice of, 68,
- current wpply, .
— of genérators, smac and dynuxmc, 77
Choking coils, 172, 181,
Chromxmn steels, 2

180, 274.

6, 67.

. sas -
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Clnmping jaws, 172, 173, 178, 179.

g,
Clemmg platcs 183.
Cleanness, 189.
Clothing, 271.
Cold welding, 113, 114.
— — electric, 138.
— — gas, 137.
Constant pressure welding, 91.
Containers, construction of, 2o01.
Contractxon, 121, 123.
— cooling, 1035, 106.
Converters, 64, 172.
— for hot welding, 146.
Copper, 170, 180, 278.
— and acetylene mains, 55.
— and alloys, welding of, 148-54.
— and X-rays, 24I1.
— burned, 151.
— cast, 149.
—_ electrolytic, 149, I5I.
— flame for, 150.
— froth, and spit, 151.
— impurities in, 149.
— processes for welding, 150.
— steels, 278.
— weld, testing, 253, 256, 257.
Core wire, 131.
Corner seams, 101, 102.
Costs, and local conditions, 229.
— current or acetylene, 229.
— electric and forge welding, 232—4.
— forward, backward, arc, 223-6.
— rivet and weld, 219-21.
— spot and seam welding, 234.
— steel weld or cast iron, 221, 222.
~— supplementary, 228-30
Covered or bare electrode See Electrode.
Crane, 208
— rails, 2
Crucible, for thermit, 193, 194.
— tapping, 193, 194.
Cruciform joints, formul® for, 214, 215.
Current, a.c. or d.c., 93, 114, 135, 160, 171,
192, 216, 217, 226.
— alternating, 189.
~— alternating end direct, 97.
— consumption, 224, 229.
— control of, 172.
— for arc, alternating, 58.
direct, 58.
— mains for, 64.
— stren 114, 115.
— suppf&::hanctemucs, 66.
— — conditions for, 65, 66.
— — connection to, 117.
— — figures for, 68
Curve-cutting machine, 285.
Cuts, good and bad, 289.
Cutting, gas, 277-93.
~— -— economy of, 292.
— — of cast iron, 292.
— ~~ uses of, 2
Cutting machmen. 284-7.
— process, 287-9.
~— regulations for, 290, 292.
— torch, 277.
Cyhnden for gas, 41.”

Damping winding, 75.

,Forge

INDEX

Definitions, 3

Densogram, 244, 245.

Depth of penetration, 11

Design of welding machmes, 81.
Dilution, 51.

Direct current processes, 93.
Displacement generator, 20, 23, 26.
Distortion, 122.

Drops, transfer of, 115, 133.

— — with arc, 59-63.

Drums, 205.

Ductility, 212, 216, 217, 218, 230, 231, 249.
Duralumin, 158.

Dynamo, cross field, 75, 76.

Economics of fusion welding, 219-30.

— of pressure welding, 232-s.

Electric forge, 191.

— heating machines, 190.

— hot welding process, 142-8.

— resistance welding, 2, 3, 16g—91.

— rivet heater, 191.

— welding. See Arc Welding.

Electrode, choice of, 118.

— copper, 172.

— covered or bare, 120, 128, 131-6,
216, 217, 226, 228.

— for aluminium, 157.

— manipulation of, 115-20,

— Pintsch covered, 135.

— quasi-arc, 134.

— roller, 186—9.

— shape of, 184.

Elektron, 161.

Engineers, welding, 198, 199.

Equal pressure welding, 91.

Equipment, 14

Etching, in testmg, 252-6.

Eutectic, 126.

Eutectond 126.

Expansion dangers, 104.

Explosions, 21-3, 264-270.

— old containers, 274, 275.

— on thawing, 266, 269.

— prevention of, 45.

Explosive mixtures, 264~70, 274, 375.

Eyes, protection of, 272, 273.

138,

Fan casing, 206.

Fatigue, tests on, 260~3.

Faults, 120, 177, 189, 237, 242.

Faulty welding, cast iron, 141,

Ferrite, 125, 126.

Filler material, 128—31.

Fillet seam, continuous or not, 222.

— — formule for, 214.

Fillet welding, 99.

Fixing, length, 178, 179.
lame, 107-10, 154.

— for copper, 150.

Flanges, joints for, 103.

Flash delng; 169, 172, 175~7, 189: 203,
230, 232. rod with "

—— — COmpAa wit] upoe;, 170, ,177.

Flux, for aluxmnium, 156.

~— for elektron, 161. . !

— for monel, 161.

~— for zinc, 161,

~— weldi 152, 154.
dms 187, 167~¢.
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Formule, 213~

Forward or ba iward (tests), 212, 218,

Forward welding, 85, 86, 93, 110, 111, 112,
. I13.

Frama torch, 5

Fusion and arc processes compared, 93, 94.

— gas welding, 2, 4, 9, 84-166.

— — equipment, 14.

— welding, 3, 9

— — economics of, 219—30.

— — quality of, 211—9.

Galvanized plate, 184

Gamma rays, 1,

Gas and arc we dmg compared, 93, 94, 97,
106, 113, 114, 120, 121, 123, 124, 127,
128, 129, 130, I137.

— coal, 13.

-— consumption, 223, 229.

—_ cutting, 277-93.

linders for, 41.
electric processes, 94.

—_ holders, 32, 201.

— illuminating, plant, 13.

- mixture processes, g

— welding, good and bad, 237, 239.

— — making weld, 107-14.

Gases, poisonous, 273, 274.

— wel ing, 9—14.

Generator, and striking voltage, 65.
— Beagid, 29.

_— carbide dust, 28.
— characteristics of, 73-6.
— cross field, 72, 78.
— design of, 81
— dynamic characteristics of, 77.
T— low and high pressure, 18, 24, 25, 26.
— pair of, 26.
- self- and [ gmtely—exc:ted 77
‘“‘spray ”, 2
—_ vemcal chamber, 27.
— welding, 65.
— wiring diagrams of, 73—6
— with armature reaction,
— with drooping charactenst:cs, 70.
— with opposing compound windings, 71.
.— with special resistances, 70.
German silver, 160.

Glasses, 272.
fgles, 56, 271./
chmidt, 192.

Grmdmg machine, 208.
Groove, filling, 118.
— weld, 99.

Haas, examples by, 212-5. -

Hammer, 153.

~— welding, 3.

Hammering, 111, 112, 123, 152, 153, 155,
231.

Hand cutting machine, 28s.

gudnen tests, 238,
en tion 273 ‘

H.«t' meﬁocu plates, 1036,

g Hmory of vrelémg, !-3
Hshn, a§9.- -

Hompm'nmchminu zn.
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Hot welding, cast iron, 140. ., -
— — electric, 142~8.
Hydrogen, 12.

— flame, 110.

Immersion generator, 20.
Impact (notch) value, 218, 219.
Instruments, measuring, 82
Interrupted weldmg, 122,

Iron, 170.

— a, B, and y, 125, 126.

— carbon diagram, 125.

— cast, apd X-rays, 241.

— malleable cast, weldmg of, 148.
- properties of, !25—-8

— wrought, 131.

J apparatus, 16, 23, 31.
th:;ixizs. 170, 209.
ng, 173.

Karbidid, 1r.
Krimer wiring, 73.

Langmuir’s process, 95, 96.
Lead, 274.

_ burmng, 16

Left and nght weldmg, 86, 87.
Lindeveld process, 89.

M apparatus, 16.

Machine construction, 207.

— electric, 64.

— mechanical design of, 81.

—- tools, 208.

Macrophotograph of fillet weld, 252.
— of welds, 252, 255, 256.
Macroscoplc analysis, 252—6.
Mains, fixed gas, §5.

— wclding from, 68.

— — characteristic, 69.
Maintenance of plant, 40.
Manganese steel, 278.
Manipulation of electrode, 115-20.
Martensite, 125, 126.
Mesothorium, 246.

Methane, 13.

Microphotographs of welds, 254.
Microscopic analysis, 252, 253, 257.
Mistakes, 112~4, 120, 179.

Monel metal, 140, 160, 161..

'Motor-cars, 203.

Motor, polyphase, 8o,
‘Mould F’ ¥lot weldmg 142.
Multi-flame welding, . 89.
Multi-run welding, 121.

Nickel and alloys, 159-61.
— steels 2

‘Notch xmpnct velue, 2.18 zxg

0:1 274.

Omuogmms, 6o, 62.

— of genenmr, 78.

Oscillograph,

Qutput of we!dmg mnc!um: 8.

‘Overhead weiding, 120, 133, 212, 316 317,
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Overlapping, 103, 104, 106.
Oxygen, 9.

— for cutting, 279-82.

— setting back, 34, 35, 51.
— station, central, 17.

Patches on plates, 105.

Pearlite, xzz.

Phasphide, hydrogen, 32.

Phesphorus in iron, 127.

Pinion, repairing of, 194, 195.

Pipe line (welding or screwing), 222.

— welding, 202.

Pipes, gas, 202, 203.

Plates, 231.

~ lapped, 106.

— thin, 181.

Pliers, welding, 82, 83.

Plugs, 139, 140.

Polymenzation, 23.

Polyphase current, 8o, 171.

— transformers, 8o.

Pores, 218.

Portable machines, 81.

Position, welding, 227.

Power, cheapest, 229.

— consumption, 224, 229.

Precautions with plates, 104, 105.

Preheating, 113, 114, 121, 140, 145, 157,
158, 178, 196, 278, 279, 287.

Preparation for welding, 98-107.

Pressure-reducing valves, 44-7.

Pressure regulator, 33.

— welding, 3, 167-91.

~— — economics of, 232-5.

— — quality of, 230, 231.

Progress welding, go.

Purifier, 31.

Quality of fusion welding, 211-9.
— of pressure welding, 230, 231.

Radiation tests, 240—~7.

Radium, 245-7.

Rails, welding of, 194, 195, 196.
Railway work, 20s.

Regulations for acetylene, 38-40.
— — carbide, 38-40.

Repair work, 200, 201.

— — of castings, 194, 195.
Replacement of cast iron, 207.
Resistances, adjustable, 68.

— external, 69.

— smoothing, 69. :
Resistance welding, 2, 3.

— —- applications of, 190,

~ — lay-out for, 171.

Right and 1efs weldiog. 56, 87

Rings, 181.

Rivet or weld, 201, 204, 208, 209, 211, 217,

219-21, 231, 259, 263.
oller dﬁctro 2'§x86--9.
, 208,
Rotery current welding, 98.
Rotrans (converter), 80.

Scale, 183, 184.
Secleroscope, 238.
s«lm;, water; 25.
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Seam welding, 169, 171, 186—90, 231, 234.

Secator cutting machine, 28

Section, polished, 251, 255.

Separator, water, 206.

Shaft-cutting machine, 284.

Shed, 209,

Shipbuilding, 203, 204.

Short circuits, 64, 65.

Shortness, in iron, 127, 128.

Shunt effect, 180, 181.

Silicon steels, 278.

Silumin, 158, 159.

Size of machine, choice of, 180, 181.

Slag, 87, 113, 114, 118, 119, 120, 128, 130,
132, 133, 157, 217, 218, 228, 242.

— formation, 132, 133, 134.

Slavanioff’s process, 92, 114, 138, 145.

Sliding tray, 26. h

Soldering, 162-5.

— hard, 163, 164.

— soft, 162—4.

Spot welding, 169, 170, 171, 173, 181-6,
190, 203, 231, 234.

Staggered welding, 122.

Standard symbols, 4-8.

Steel, 170, 180, 277.

— and X-rays, 241, 245.

— buildings, 208.

— cast, welding of, 148. .

— compared with iron, 207, 208.

properties of, 125-8.

— welding of, 125-36. -

Step by step welding, 188.

— welding, 122, 188.

Straps, 106, 205, 206.

Stresses, 102, 104, 105, 121, 122, 123, 127,
129, 133, 134, 137, 140, 141,.149, 158,
195, 207, 217, 221, 222, 251.

— alternating, 218. .

— impact, 218, 251.

— permissible, on seams, 213.

Studs, 139, 140.

Sulphur in iron, 127.

Switch, automatic, 183.

Symbols, 4-8.

Tacking, 103, 104.

Tar, 274.

Testing, 130, 131.

— indirect (destructive), 258-63.
— methods, 236-63.

— — density, 242.

Tests, acoustic, 238.

~ bend, 250, 251.

~— direct (destructive), 247.

— early, 211.

— electrical, 240.
— fatigue, 260~3.
—_ foxgin?, 251. -
~— formule for, 213-5.

— forward or backward, 212, 218.
~ holes, 247. .

~— hot bend, 251.

— impact, 251, 261~3.

- hbomto,“'» 259.

~— magnetic, 240. i~

»

— non-destructive, 237-47. o
— of cylinder, 168',‘ 2{54 . EE

4

'~ on gas cutting, 291,

~-.on V- and X-welds, 218.

.
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Tests on welding position, 212, 213, 216,
217.

— railway work, 259.

— recent, 212.

— shipbuilding, 259. .

— soapy water, 268, 270.

— swing, 261-3.

— tensi e, 216, 248.

— torsnon, 251I.

-— with petroleum, 238.

— X-ray, 240-7.

Thawing, 266, 269.

Thermit, 192, 193.

Thermit’ welding, 3, 4, 192-6.

— — drawbacks of, 195.

— — uses of, 194.

Three-phase current, and balancing, 8o,
171, 172,

Time and energy graphs, 180, 185.

Time for welding, 225-7, 229.

Tin, 274.

— soldermg, 161,

Torch, 47.

— care of, 53, 54.

— concentric jet, 282,

— cutting, 277, 280—4, 288, 292.

— for copper, 150.

— Frama, 53.

— injector, 48-54.

— — lay-out in, 52.

—- injectorless, 48-54.

— manipulation of, 110-2.

— mixing nozzle, 48, 53.

— non-variable, 5o.

— pressure distribution in, 52.

— rjvet head, 283.

— two-flame, 53.

— two, with copper, 151.

— variable, 50.

Training of welders, 198, 199.

Transformers, 64, 78-80, 171.

— design of, 81.

— diagrams and characteristics of, 79.
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Transformers, polyphase, 8o.
Tubes, 203.

Tungsten steels, 279.
Turbine xmpeller 206.

Tyre, locomotive, 201,

Ultra-violet rays, 272, 273.
Upset welding, 169, 172, 174, 177, 230, 232.
— — and flash welding compared, 176, 177.
Uses of welding, 197-210.

Valves, for gas cylinders, 42—4.

— hyd raulxc, high-pressure, 36, 37.

— — low-pressure, 37, 38.

— — safety, 33—

— pressure-reducing, 44—7.

Vertical welding, 102, 120, 133, 212, 216,
217, 227, 228.

Voltage limits, 65, 66.

— striking, 65.

Voltages for arc, 64.

V-seams, formula for, 213.

V-shaped weld, 98~102, 112.

Wages (rivet and weld), 220.
Wagon goods, 205.

Washer, 31.

Water gas welding, 168.

Water to carbide generator, 20, 23.
Welder, position of, 107.
Weldmg, advantages of, 200-10.
— engineers, duties of, 198, 199.
— four processes in, 8g.

Welds, good and bad, 119.

Wire, weld, consumption, 224, 225.
— welding, 128-31, 212.

X-ray tests, 240—7.
X-seams, formulz for, 213.
X-shaped weld, 98, 100-2.

Zerener process, 92.
Zinc, 161, 170, 274.









