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PREFACE

ELECcTRIC Welding has become so important an art in the
mechanical industries that a comprehensive treatise on this
subject covering both the resistance and the arc welding proc-
esses is needed in the trade. A special study of the subject
has, therefore, been made by the authors of this work, who
have been assisted in their work by the experts in resistance
and arc welding of some of the most prominent concerns in the
United States engaged in this line of work. Credit is especially
due the C. & C. Electric & Mfg. Co., the General Electric
* Co., the Lincoln Electric Co., the Thomson Electric Welding
Co., the Westinghouse Electric & Manufacturing Co., and
the Wilson Welder & Metals Co. for the codperation and
assistance which they have rendered in supplying information
in connection with this undertaking. Consultations with the
experts of these companies have made it possible to obtain
thoroughly up-to-date information embodying the latest devel-
opments and discoveries in the art, and it is believed that, for
this reason, the book will prove especially useful to those who
are already employing electric welding equipment or who are
contemplating its use, as well as to the students of the subject
who desire to obtain authoritative information on the electric
welding processes. Credit is also due Mr. Alan M. Bennett,
whose treatise on Arc Welding, written for MACHINERY, has
been freely consulted and employed in the writing of the chapter
on Arc Welding.

New York, February, 1918.

THE AUTHORS.
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ELECTRIC WELDING

INTRODUCTION
ELECTRIC WELDING PROCESSES

THE application of electrical energy has occupied the minds
of some of the foremost inventors during the past forty years,
and the development that has taken place in this branch of
engineering has been remarkably rapid. Some of the greatest
manufacturing industries in the world have been built up on
the basis of the inventions made in the electrical field; and,
furthermore, the practical applications and uses of the electric
current are by no means limited to the fields it has already
invaded. ‘It is not only likely, but quite certain, that in the
future the service rendered by the electric current will be still
more extensively employed. One of the many uses of electric
energy in the metal working trades is found in its application
to electric welding. Although the electric welding process passed
out of the experimental and into the practical stage many
years ago, the subject is one that is still rather vague in the
minds of most mechanics. Electric welding, however, plays an
important part in the industries at the present time, and several
large companies have been formed that devote their entire
attention to the manufacture of articles in the making of which
electric welding forms one of the principal processes. Without
the methods of electric welding, many of these products would
have to be manufactured in an entirely different way and, in
many cases, at a greatly increased cost. In these introductory
paragraphs, the different processes of electric welding will be
briefly reviewed, so as to provide a comprehensive review of
the whole subject; in subsequent chapters, each of the more
important welding systems will be taken up in detail, and the
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2 ELECTRIC WELDING

apparatus and the methods of doing the work will be shown
and described.

Different Systems .of Electric Welding. — The prindple of
electric welding is simple; - the parts that are to be welded to-
gether are heated to a welding temperature by means of an
electric current. There are two ways in which the electric
current can be utilized for heating to a welding temperature,
and, according to the methods used, two main processes or
systems of electric welding may be distinguished — the electric
resistance-welding process, and the electric arc-welding process.
In the former — the resistance-welding process — the parts to
be welded are brought to a welding heat by the passage through
them of an electric current of such voltage and amperage that
the resistance to the flow of the current is great emough to
produce sufficient heat at the points or surfaces to be welded,
so that, when the parts are brought together by a slight pressure,
they will be joined by the fusing of the metal — that is, by
welding. In the latter system — the arc-welding method —
an electric arc is drawn between two electrodes, or between
the work and one electrode. This arc is brought into such a
position relative to the work that the heat from the arc melts
the metal to be welded, and enables the parts to be united.
There are various modifications of this latter process, but, in
principle, the above description is correct.

The resistance process of electric welding, in turn, may be
divided into two specific processes, differing from each other
in some important details. The process generally known as
the resistance or incandescent welding process was developed by
Elihu Thomson, in 1886, and is, therefore, also generally known
by the name of the inventor as the Thomson process. The
percussion electric welding process, which was developed by
L. W. Chubb at the Westinghouse Electric & Manufacturing Co.,
is also in principle a resistance-welding process.

" There are at least four distinct methods under the head of
electric arc-welding processes. These methods are named after
the men who are generally credited with their development,
and are known, respectively, as the Zerener process, the Bernardos
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process, the Slavianoff process, and the Strokmenger-Slaughter
process. Another method known as the ““voltex” process may
be considered as a development and improvement on the Zerener
process. The Slavianoff process is sometimes not considered as
a distinct method, but merely as a development of the Bernardos
Pprocess.

There is still another process which is frequently classified as -
an electric welding process — the LaGrange-Hoho method — also
known as the “water-pail forge.” This method differs from
the regular resistance or arc-welding processes in that it is

-simply a heating process replacing the blacksmith’s forge, the
welding itself being accomplished by hammeripg on an anvil,
as in ordinary forge welding. -

Resistance Welding. — In the resistance, incandescent or
Thomson electric welding process, the metals to be welded are
brought into intimate contact by being held closely together
by metal clamps actuated by springs or levers, so as to permit
a constant pressure on the parts to be welded, even after the
metal at the welding surfaces becomes plastic. The parts to
be welded form an electric circuit, and the resistance at the
point of contact between the two surfaces to be welded pro-
duces a welding temperature in a very short time; the metal
parts are then forced together and thus welded. A distinct
feature of the resistance welding process is that the interior
of the metal is raised to a welding temperature before the
surface reaches that heat, so that, if the exterior surface is
welded, it is certain that the interior is also properly welded,
since it is at a somewhat higher heat. When work is heated
for welding in a forge, the opposite conditions take place. A
perfect weld may be indicated on the surface, but this weld
may cover an imperfect joint inside.

Welding machines built in many different designs for handling
various classes of work are used for electric resistance welding.
These machines consist principally of a transformer for changirg
the current to a low voltage and a high amperage, which is
required in order to produce the necessary resistance; clamps
for holding the work, which also transmit the current to the
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work and which are generally known as “electrodes;” means
for forcing these clamps or electrodes together; and electrical
control for regulating the flow of the current in accordance
with the area of the section to be welded. Single-phase alter-
nating current is used, and the voltage of the generated current
is generally 220 or 440, with a frequency of 60 cycles. When
multi-phase current is employed, the welding machine can be
connected with one phase of the system. Higher voltages and
lower frequency than mentioned above may also be employed.

The resistance welding process is employed for regular butt-
and la.p-welding, as well

spot” welding, “point” or “projection”
welding. Work may also be heated in .
chines for upsetting to form collars on the
ends of pieces of metal, heating blanks for forging or bending,
as well as for heating work for hardening or annealing. The
Tesistance process is especially adapted for duplicate work and
is extensively yseq in such industries as automobile and bicycle

manufacture, small-too] manufacture, where the cutting parts
of tools are welded

to the shanks, and in many other instances.
Generally Speaking, the resistance Process is more applicable to
manufacturing work than to repair work, and the process is
not applicable to tp, i

electric welding ma,

the process is rapid; impurities are forced out of the joint;
the cost of labor jg reduced; and the welding operation is in
plain view as jt Proceeds, so that defective welds may be easily
prevented.

Percussion Electric Welding. — In the percussion  electric
welding Process, the parts to be welded are heated instantly by
the sudden diSCharge of a heavy electric current from a con-
denser; at the Very moment when the current is discharged



WELDING PROCESSES 5

from the condenser, the two parts to be welded are forced to-
gether with a rapid blow. The sudden rush of current momen-
tarily melts the portions of the work that are to be joined,
and by forcing them together at that moment, a good weld is
secured. The process is of recent development and has so far -
been applied mainly to the welding of wires of the same or
dissimilar metals, and to the welding of the end of a wire to
another object of larger dimensions. The process will probably
find many other applications in the future.

Zerener Arc-welding Process. — In the Zerener process, two
carbon electrodes, so arranged in a holder that they form a
V, are employed. An arc is drawn between the carbon elec-
trodes and this arc is caused to impinge upon the metal surfaces
to be welded by being so located in relation to a powerful electro-
magnet that the arc is forced toward the work. This causes
the arc to act in a manner similar to the flame of an oxy-acetylene
torch. This welding system, also commonly known as the
electric blow-pipe method, on account of the peculiarity of the
impinging arc, was invented by Dr. Zerener, of Berlin, Ger-
many, some twenty years ago. In this case, no current passes
through the work. The Zerener system, as well as all the arc-
welding systems, is based upon the fact that when two rods of
carbon or other electrodes connected to the poles of a generator,
so that current flows through them, are brought into contact,
a flame will play between them, this flame being known as an
electric arc. The size of this flame or arc may be varied by
increasing the gap or distance between the ends of the carbon
electrodes, by increasing or decreasing the amount of current
passing through the electrodes, or by placing varying resistance
in the circuit. The Zerener method is used, to a limited extent,
for comparatively small work on steel and brass, and for weld-
ing small corners in tubes and tanks. The process, however,
is inefficient and complicated, and requires great skill to properly
apply. Hence, it is not used as extensively as the Bernardos
and the Slavianoff arc-welding methods.

In a development of the Zerener arc-welding process known
as the voltex process, the carbon electrodes contain a small
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percentage of metallic oxide which is converted into a metallic
form and then vaporized. The metallic oxide used is frequently
oxide of iron. The metallic vapor created by this arrangement
increases the size of the arc and minimizes or prevents the
carburization of the work by the carbon of the electrodes at
the welding point, which is one of the difficulties met with in
the regular Zerener arc-welding process.

Bernardos Arc-welding Process. — The Bernardos electric
arc-welding process is, perhaps, the best known of the arc-
welding methods and, until recently, was the most extensively
used. It is specially adapted to large and heavy work. In
this process, the arc is drawn between the metal of the work to
be welded and a single carbon or graphite electrode. The
process is, therefore, commonly known as the carbon electrode
welding process. It is evident that.the metal to be welded
forms one electrode and the carbon the other electrode for the
circuit. The arc is drawn by touching the electrode to the
work and withdrawing it to the proper distance in a manner
similar to that in which an arc lamp is lighted. The tempera-
ture of the arc is approximately 3500 degrees C. (6300 degrees F.),
and the heat is confined to a comparatively small space directly
in contact with the arc. The use of a small electrode with low
amperage permits comparatively light material to be welded,
but the process is generally used with large electrodes and heavy
currents for heavy work.

In the early development of this process, it was first attempted
to usc the carbon electrode as the positive terminal and the
work us the negative terminal. These attempts, however, were
unsuccessful, because part of the carbon from the electrode was
carried into the work, making it very hard and, therefore,
ditticult to subsequently machine. It is, therefore, considered
advisable always to connect the work to the positive side of
the arcuit and the carbon electrode to the negative. By this
mezhod. also, the greater portion of the heat of the arc is con-
rentradad at the work, which is the positive terminal. The rod
o carhon which forms the negative electrode varies generally

i six frm y to 1} inch in diameter, according to the size
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of the work to be welded. It is held in an insulated holder,
which the workman holds in his hand, striking the arc by placing
the carbon in contact with the work and quickly withdrawing
it a distance from the metal. The operator then manipu-
lates the arc so as to spread it, and heats the work at or near
the point to be welded with what is called a ‘“soaking” heat.
The pieces of metal to be welded are melted on their faces
together with a small iron rod which acts as a solder and flows
in between the two surfaces to be joined. The work is often
hammered after the weld has been made by the arc. Screens
with colored glass windows and heavy gloves must be used to
protect the eyes and skin of the workmen from the effects of
the violet rays of the arc.

The Bernardos system when properly adapted to the work
to be done is practical, simple, and efficient. Direct current is
used. The quantity of current, depending upon the thickness
to be welded, generally ranges from 200 to- 500 amperes.

Slavianoff Arc-welding Process. — The Slavianoff electric arc-
welding process is also commonly known as the metallic arc-
welding process, because, in this case, a metal electrode is used
instead of the carbon electrode. The objects of using a metal
electrode are to prevent the introduction of carbon in the weld,
to obtain a stronger weld, and to make vertical and overhead
welding possible. The arc is drawn by touching the work with
the metal electrode and drawing it away in the same manner
as in the Bernardos process. No metal rod to act as a solder
'is required, however, as the metal electrode itself accomplishes
this purpose by gradually melting away and entering the weld.
The Slavianoff process produces a softer weld than the Ber-
nardos process, because of the freedom from extraneous carbon
in the weld. The arc is smaller than in the Bernardos process
and, for that reason, the process is slower, but this is of less
importance on small work. As the arc itself will carry the
metal from the electrode to the work, it is possible to use this
method for welding on a vertical wall or overhead, and hence
the process is largely used in overhead repair work, in fireboxes,

for welding flues in locomotive boilers, and, in general, when
1D °
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repairs must be made in place. Itis also largely used for welding
steel plate in the manufacture of tanks, etc.

Strohmenger-Slaughter Arc-welding Process. — In the Stroh-
menger-Slaughter electric arc-welding process, the parts to be
welded together are placed in the required position and an
electrode, consisting of a soft iron rod covered all over, except at
the extreme ends, with a flux suitable for the metal to be welded,
and which also serves as an insulator, is laid upon and along
the welding line. The work acts as one electrode, the same
as in the Bernardos process. The work and one end of the
electrode are brought into contact and an arc is thereby struck.
This causes the electrode to melt, the weld being coated with
* the flux at the same time, thus preventing oxidation. The
process is claimed to be successful in the welding of rails and for
filling up worn places, but it is not so generally used as the
other systems. In this process, either direct or alternating
current may be used, but alternating current is preferred.
Successful welding has been carried out with 85 volts direct
current and 220 volts alternating current.

LaGrange-Hoho Electric Heating Process. — The LaGrange-
Hoho electric welding process is, strictly speaking, not an electric
welding process at all, but merely an electric method of heating
the metal to a welding temperature. The method, sometimes
referred to as the ‘“water-pail forge,” makes use of a wooden
tank filled with a suitable fluid in which the positive electrode
of the electric circuit is placed. A negative electrode is con-
nected to the metal to be heated and this metal is then immersed
in the fluid until it reaches a welding temperature. It is then
removed and the actual forging or welding is carried out under
a hammer or at the anvil in the usual manner.

Earliest Use of Arc Welding. — Arc welding appears to have
been first used in 1881 by de Meritens for welding together
parts of storage-battery plates. In this case, the work was
connected to the positive pole of the current supply and a carbon
electrode was used. The heat generated by the arc fused the
lead of the storage-battery plate, the various parts of which
were thus united or welded.



CHAPTER 1
ELECTRIC RESISTANCE BUTT-WELDING

THE principle of electric welding is extremely simple. An
electric current of low voltage and comparatively high amper-
age is employed to fuse or soften the metal at the point of con- -
tact, and at the same time pressure is applied to force the parts
to be welded together. The process is based on the well-known
principle that a poor conductor of electricity offers so much
resistance to the flow of an electric current that it will heat,
the degree of heat depending upon the volume of current and
the resistance of the conductor. In the electric-welding ma-
chine, a copper conductor carries the current with very little
resistance to the work, but as soon as a piece of iron or other
metal is placed in the circuit, it immediately becomes heated.

~If the volume of current or the amperage is large, and the iron
conductor much smaller in cross-sectional area than the copper,
the iron will quickly become hot enough to melt. This principle
is well illustrated in an incandescent lamp; the copper wires
leading to the lamp are good conductors of the electric current,
and remain cool, whereas the carbon filament is a poor con-
ductor and becomes so hot that it reaches a state of incan-
descence.

The pieces to be welded together in an electric welding ma-
chine, when clamped in position, complete an electric circuit
which is inadequate to carry the heavy current passing through
them without heating. As the heat of the metal increases, the
resistance also increases, and the union or weld is thereby
accelerated. As the tempcrature increases, however, the cur-
rent volume usually decreases, a greater volume of current being
used at the beginning than at the end of the heating. The
heat is confined to the metal between the clamps or jaws, and a
welding heat is reached so quickly that there is very little time

9



10 ELECTRIC WELDING

for the wasting of current by radiation or conduction. There-
fore, practically all the heat is consumed in useful work, and
the pieces, not having been heated except at the joint, are not
distorted or discolored. The chief point that distinguishes
electric resistance welding from all other welding processes is
the fact that the heat is generated uniformly in the section being
heated, that is, the heat is not applied to the exterior and con-
ducted into the interior. The pieces being heated are in full
view of the operator so that the action that takes place is always
under observation. In this way, any trouble caused by uneven
contact of the pieces, rust or scale, which will cause the pieces
to heat unevenly with a tendency to burn at one or more points,
can be instantly remedied. Varying temperatures can be ob-
tained and retained for any length of time, and, as a rule, no
flux is required.

Early Development of Electric Welding. — Although the first
idea of the possibilities of joining metals by means of an electric
current was conceived by Dr. Elihu Thomson early in 1877, it
was several years before he did anything definite in regard to
designing and building apparatus for this process. It was not
until the plant of the Thomson-Houston Co. was removed
from Philadelphia to New Britain, Conn., that an idea for a
welding transformer was actually put into shape. This, how-
ever, was not put into practice until the manufacturing estab-
lishment previously mentioned was moved to Lynn, Mass.,
in the fall of 1883. In the time intervening between 1883 and
1885, Dr. Thomson started to make a welding apparatus in
accordance with the plans of years before. At this time he
had at his command an alternating-current dynamo which he
had built, and he constructed a welding transformer with weld-
ing clamps or holders for the pieces to be welded. The original
experiments were made in the winter of 1885 and 1886, and a
larger machine was built shortly afterward.

The first device for electric welding, patented August 1o,
1886, is shown in Fig. 1. The apparatus consisted of two arms
or clamp-holding bars 4, one of which was movable and swung
on a joint B, which, when the arms were made from a metallic

o
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substance, was insulated by interposing washers and a tube
of insulating material, allowing a free movement of the arms
but no passage of the current. Heavy cables C, which pref-
erably were many times the section of the wire to be welded,
connected the arms with the terminals of the apparatus pro-
ducing the current. The work was held in place by means of
clamps D, which held it firmly with its abutting ends projecting

S RS Z
]

T

Pig. 1. First Practical Electric Welding Device patented
by Dr. Elihu Thomson in 1886

Mechinery

as shown. The ends of these clamps were countersunk so as
to leave a small portion in which the metal could upset. The
mechanism for bringing the work into contact as it became
heated consisted of the spring E insulated by a block or insu-
lator F, which was acted upon by the screw G. Additional
means, such as heavy copper contacts H, were sometimes pro-
vided, which automatically connected the arms for the passage
of the electric current through them, after the joint between
the two wires had been made, and in this way conducted the



\¢ BRLRCTSIC WSZ0eG

heat \vugh e ad WXL o I aons and removed it
Thum the et 2 crtamt, W seevens ewoessive Tasing.

Pheiv wete wietl srodtinaaves o Sme arngement shown

WP e W W was e ot e acmes down shghtly
Bt il Kam Bunitn o e owee @S w2 Sat the appa-
Wb okl by ggiat O one s ami 2 rods brought
I cbach i G detewd a0 v poog wcthom. Stll
AR anganant wae e MR TN s Je Shmping arms
W il peatn, O\ e et e Scner than the
L ab w fhe ae PN & W umdac 37 Shs om a beam
B O W e s W W weowt were droaght into
P B i W e W WY s escihie along
e e s W gy WIN AN it n whach the
Wbk b il gt W t\\‘u& Yoo oo cacsl posi-
ot Wt hvaty WHNWIN el O revate amember was
R TR T g wey o e vines o the
e ek Bitgig (e w e ao WA N s of gravity.
W MR L gl vy W ey weee madse and
U TR TR YT I TRV WY NG e Retny o in the
Wtk ul IS sy s b b o, vy, Mass
\\\\\' (\YRYE l\i““-\‘ vl Wy, Al e ol el et
AL e uk vl o At wae N ‘\‘I{CJN‘-‘XI‘I!:\[ of
At W ] [{FRYS hang 1YY (R LIRS NN Wi emds
et A el Al A WO R mrch
Wt e bl sl we B WAL N e rreraae
NS IE LU L E T TR YY) IO TR TRV AT st X slecemae
TR I LT NI TR S

e e Clanplag Jawa. e WAt v e Treass

Skl e vanking the vty fawe, Wil O vy
Vo Wy cineads, B bcag Ml riess
N N Y I T TR T AN heas

4 Th
oo el B il e e was geveeed n
S et e b the same tae ax e oees

oo oakn e showi e B e Waree Poes 4
S maa Ehrangh the danping faws O gse

N S Na Al tageausly el h\‘\wl\%ing Yarge
*\.&mw wetial to be weldad s o saad coze




BUTT-WELDING 13

ductor of the electric current, such as copper. Where the pieces
to be joined were of unequal size, a torch, as shown in the
illustration, was brought into use, the flame being applied to
the part having the larger section in order to compensate for
the difference in heating. This modification of the apparatus
was used for welding bars of unequal section, or T-welding,
and similar work, which in apparatus of today is done without
the torch, and is handled by using different arrangements of
the clamping jaws or double transformers.

Controlling the Current. — A means of controlling the cur-
rent passing through the electrical apparatus for welding was

™M
——>G'L"’\ ‘ﬂ4<— Pl
' I 2 el
—L — i
@r;/_@ r@—- i D—> U:
a — D B
Machinery

Fig. 2. First Device patented in connection with an Electric Weld-
ing Machine for Cooling Clamping Jaws

also patented in 1886, and is shown diagrammatically in Fig. 3.
This device provides a means for regulating the electric current
by means of an induction apparatus or transformer. In addi-
tion, - this patent also covered improved methods of clamping
the work. In Fig. 3, A and B are the wires which lead from
the source of alternating-current supply to the coil of insulated
wire C wound around a ring-shaped iron core D. The coil C
had a number of turns depending upon the electromotive force
and current that supplied it. The connection between 4, B,
and C was made so that a variable resistance E could be inserted
in greater or less amount so as to vary the force of the primary



" RLECTRIC WELDING

van il carant dnothe cail ¢ The switch G was arranged to
P hivnbing the Srcuit at will. Around the iron core D
WS avwed e turns ol hm\'y copper cable H, giving an
Vet tnppaninble clectric resistance. The ends of this
Toonidag) il were ntinched 1o each one of the clamp-bearing
v 4 whinh ware nko made of a good condncting metal.
Vhe oy W e !\l»u\\l whe gndad /& to have nnly a Sﬁght move-

v \\ ““
v N
, [T S
. u b

Ll p— |

B s g At Rupuriniay Vweeey et Ymee

U o Mok d o vdawmpess W

L I T e T T T O ey

o plag W sl T VML o w . oA M-
NN Wy \\ \\\\\“\\“y\‘ tha Waaneag WOIN aTa
\ S g sl i AR R st

P (e alaning W Ihe At togenNer s
el the welding heat.
RERCELRTIN the lamping WA Tapidly, RV e
RN the ilvetia e Ehe Jaws L wese




BUTT-WELDING 15

hinged as shown, and arranged to be set or clamped by means
of a movable clamping screw swinging in the frame. The
dotted and full lines show the position of these parts relative
to each other when clamped and released. The bore of the
clamping jaws was made nearly equal to the dimensions of the
bar to be clamped, and was countersunk on the inner surface
to allow for the upsetting of the metal. The core and primary
coil were made in several different arrangements, but the dia-
gram shows the apparatus in its simplest form and of the type
which was first adopted.

Slow Application of Electric Welding. — The applicability of
electric welding to the metal-working industry was not realized
as soon as its possibilities would seem to have merited, so that
a considerable portion of the life of the patents previously
described passed by without much attention being given to
the process. Too conservative an attitude prevented, in many
cases, the immediate use of this art. Perhaps the greatest
help to the application of electrical processes generally, in-
cluding electric welding, has been the great growth in recent
years of stations for generating and transmitting electrical
energy. Electric welding has now extended into many fields
and given rise to special industries which are based upon it,
so that, at the present time, this art is used in many of the
important metal-working manufacturing plants.

When the art was first conceived, however, it was not quickly
taken up, although after the first experiments practically no
further investigations were needed. The process as originally
applied and developed was carried on extensively without any
appreciable change. There have, of course, been improved
designs of apparatus and improved construction of welding
transformers adapted to particular uses, but a great deal of
this work was foreseen from the start, and in many cases was
provided for. It may also be mentioned, as a matter of history,
that, since the original patents of electric welding were taken
out by Dr. Thomson, there have been a large number of patents
— over 150 — taken out by the Thomson Electric Welding Co.,
under which they are now manufacturing their welding appa-
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‘?mm Patents have also been taken out by a number of other
tirmx and men engaged in this industry, and, in fact, the patent
reconds at the present time contain more literature on this
subject than is available anywhere else.

Metals that can be Electrically Welded.—Pra.cﬁca.lly all
the wetals can be electrically welded, as well as many of the
allove \ tew metals can be welded electrically that are found
vopnwable to weld satisfactorily by any other means. The
reetale that are most generally welded are aluminum, antimony,
tasmuth, wedalt. wpper. gold, iron and steel, lead, manganese,
wokel, platinum, slver, tin, and zinc. The alloys which can
be welda] are aluminum broares and brasses, and aluminum
e atle, brasses and broages of practically all compositions,
Lierean glver, g\‘l\{ .(“\“\\ gunsmeml. monel metal, silver alloys,
whhre amd tvpeametal. The following combinations of metals
ead o can be weldad: Aluminum to copper and brass; brass
Weonggver. German dlver, machine steel, wrought iron, plati-
wistead b cast wopper to brass, galvanized iron, wrought
Wear eed et \\’\'\‘l\\'m wpper te brass, German silver, gOId,
vab ahier - Getman alver to brass, copper, gold, and wrought
wen el e vyeers Geean flver, platinum, and - silver;
WeroidbE Byt Ires, il stowd, and German silver; machine
Coat ne hee igh gt staadl nickel, nickel steel, platinum,
co ook wnie it ina, e steed to machine steel, plati-

aveed weetght i, lead to ting monel metal to brass,

orad e and wneht tnw: nickel to wrought iron;
T aowe b gl sitver, and stedd: silver to copper,
Lot to brass kead, and sinc; and zinc to

N oo sl met gavitiad T the preceding paragraph
o . Ve M aguine gavial apparatus foe the purpose.

R Cooaeint e temmencially weldad, except in small

von g (e e and sitivan, and passes suddenly

b ot A aid etate when brought v a welding

v o wnibig Wight o or steel, the tempera-
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RS wyhiiel. - Higth-carbon steel can be
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welded, preferably with a borax flux, but must be annealed or,
preferably, hammered after welding, to overcome the strain set
up by applying the heat locally. Good results are difficult to
obtain when the carbon runs as high as 0.75 per cent or above,
and can only be obtained by an experienced operator. When
the carbon content is below o.25 per cent, the operator can
always make a good weld. To weld high-carbon steel to low-
carbon steel requires experience, and this process will be de-
scribed later.

Nickel steel can be readily welded. Wrought iron can be
welded to copper, but it is necessary to reduce the cross-section
of the copper to equalize the heating. When welding copper
to brass, the pressure must be less than when welding iron,
but a greater quantity of current is. required, because of the
reduced resistance. The metal is allowed to actually fuse or
melt at the weld, and the pressure should only be sufficient to
force out the burnt metal. The fact that the burnt metal is
forced out accounts for the good results obtained in welding
these materials. The electric current, however, must be shut
off at the instant that the ends of the metal begin to soften.
This is done by an automatic switch which opens at a pre-
determined point, found by experimenting with the different
diameters and alloys of metal. The sliding head of the machine
is actuated by either springs or weights to force the heads
together as soon as the metal softens, and this automatically
operates the switch. As copper and brass are good conductors
of electric currents, a large volume of current at low voltage is
used, and the sliding heads are arranged to move with the lcast
possible friction.

With metals such as lead, tin, and zinc, the degree of heat
required does not produce light, and the progress of the heating
cannot be watched by the eye as in the case of iron and steel.
Therefore, the plasticity, softening or fusion is really the index
of the heat which the abutted ends have acquired. If the
precaution be taken to shape the ends of the sections properly
befare applying the current and pressure, the joining of lead
pipes, end to end, can be easily accomplished. The abutting
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-




BUTT-WELDING 19

Electric Welding Machine. — The electric welding machine,
although made in several different types, is primarily a device
for transforming an electric current from high to low voltage
and carrying it to copper contact points or jaws. It consists
essentially of a transformer, a clamping device, and a pressure
device. Although it is possible to give the transformer a dif-
ferent location from that of the other two mechanical elements,
it is rarely done, and most commercial welding machines em-
body all three elements in the same machine. There are, of
course, many special departures from this general form. The
mechanical and electrical control may be operated by hand
or foot, semi-automatically or automatically. For welding
small work, such as wire, spring pressure in forming the weld
is usually employed, and the clamping is either by hand or by
power. For metals like copper and brass, a weight pressure
is usually best. For round and similar sections up to § inch,
hand pressure is usually employed. On larger sections, hy-
draulic pressure or pressure obtained through self-contained
oil jacks is used.

The butt-welding machine derives its name from the opera-
tions performed by it. Two pieces of round, square, or rec-
tangular-shaped stock are placed in the clamping jaws with
only from } to } inch of metal extending beyond the jaws.
The ends of the metal touch each other, and as soon as the
electric current is turned on, the abutting ends immediately
begin to heat. When the welding temperature is reached,
the jaws are brought together by operating a lever, or other
mechanical means, and the two ends of the partially molten
metal are thus united. Electric welding machines are neces-
sarily more or less special in the construction of their clamps
and electrodes, no one machine being suitable for a great variety
of sizes or forms of work. Some machines are entirely special
and suitable only for the work for which they were built, some
are semi-automatic in their operation, requiring the operator
only to put in and take out the pieces, while other machines
are entirely automatic, the clamping, pressure for welding, and
controlling of the current being handled automatically. In
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addition to butt-welding, several other operations such as
T-welding, jump-welding, cross-welding and upsetting can be
performed on a butt-welding machine by employing various
arrangements of the clamping jaws.

Fig. 4 shows a simple form of machine for welding straight
rods or tubes. The clamping dies 4 are fitted to the work
they are to hold, and are mounted on the sliding supports B
and B;. The supports are mounted on guides shown at C.

Fig. 4. Simple Form of Machine for Welding Straight Rods
or Tubes

The clamping dies are operated to grip the stock D by means
of the clamping levers E. The left-hand head B is stationary
while welds are being made, but it can be adjusted by means
of the shoulder-screw F. The compression toggle lever G is con-
nected to the right-hand head B, by links as shown at H. The
welding transformer J can be seen through the opening in the
side plate of the machine. The foot switch for closing and
opening the current through the primary coils of the transformer
is shown at K.
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Operation of an Electric Welding Machine. — The several
steps in the operation of the machine when making a butt-
weld are as follows: Two pieces of stock are clamped in the
dies with the surfaces to be welded opposed and abutting, the
dies being separated from each other a short distance to allow
a converging motion for compressing the stock at the proper
time. A switch connecting the primary coils of the welding
transformer to the supply circuit, and which may be hand- or
foot-operated, as convenience may dictate, is closed. The in-
duced secondary current of the transformer now flows through
the heavy flexible connecting leads, through the clamping sup-
ports and dies into the stock to be welded, and across the abut-
ting surfaces. The junction of the welding stock is the point
of highest. electrical resistance in the entire transformer sec-
ondary circuit, which is made up of the secondary winding,
connecting leads, clamping supports and dies, and the small
projéction of stock over each clamping die. The design of the
transformer, secondary leads, clamping supports, dies, etc.,
makes their combined resistance very small as compared to
the contact resistance at the point of weld. In conformity to
the laws governing the heating of.conductors carrying electric
currents, practically all the heating will be confined to this
point. In other words, nearly all the electrical energy taken
from the supply circuit will be concentrated at this one point
in the form of heat.

The secondary voltage of the transformer is so selected that
the volume of secondary current forced through the junction
of the two pieces of stock will produce a welding temperature
at this point in a certain predetermined time. The actual
secondary voltage required will depend upon the cross-section
of the material to be welded, and whether the stock is iron,
steel, brass, copper, or aluminum. The voltage varies between
one and seven volts. A voltage regulator of the inductive or
“choking” type is usually supplied with each welding machine.
This regulator is an auxiliary piece of apparatus connected in
circuit with the transformer primary coils, and by means of
which the secondary voltage can be readily adjusted through
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Modern Design of Machine. — A typical butt-welding ma-
chine built by the Thomson Electric Welding Co., Lynn, Mass.,
is shown in Fig. 5. The transformer A4 is mounted on the base
of the machine. The primary coils of the transformer are
connected to an alternating-current supply which is regulated
by the regulator B, and a secondary winding delivers a current
at very low voltage (about three to five volts) but heavy amper-
age to the connecting leads running from the transformer to the
clamping jaws. On account of the low voltage required, the
secondary windings have a single turn extending through
the laminated iron core. This secondary is built up of a large
number of thin copper strips to afford the necessary ﬂexibility
to the motion of the clamping jaws.

The platen C moves on ball bearings and the pressure for
bringing the two pieces of metal into contact when they have
been heated is produced by the lever D shown at the right.
The current is shut off by means of the brake switch operated
by the treadle E, the switch F being located at the left-hand
end of the machine. In order to keep the current-carrying
members of the machine cool, water is circulated through the
secondary terminals and electrodes. The two lower clamping
jaws G and H are held rigidly to the platens of the machine,
and when the machine has once been set for certain classes of
work, the right-hand platen only is given a movement by means
of the toggle-joint lever at the right. The two upper clamping
jaws I and J are brought into and out of contact with the parts
being welded by means of the levers K and L, which operate
eccentrics in the head. This particular electric welding ma-
chine has a 3jo-kilowatt capacity, and is capable of handling
work up to 1} inch round stock, or flat up to 4 inches wide.
The time for welding stock which is the limit of the machine’s
capacity is 15 seconds, and the current consumption is 125
kilowatt-hours for 1000 welds. The weight of this machine is
2275 pounds.

Another type of butt-welding machine which incorporates
the fundamental principles of the electric welding machine as
first developed is shown in Fig. 6. The transformer 4 is carried

2D
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in the base of the machine. The primary coils of the trans-
former are connected to an alternating-current supply which
is regulated by regulator B, and the secondary windings deliver
a current of very low voltage but heavy current or amperage
to the connecting leads running from the transformer to the
clamping jaws. The two lower copper clamping jaws a are
held stationcry, whereas the upper jaws & for clamping the

Fig. 6. Another Type of Butt-welding Machine

work are held in arms that are operated by the foot-treadles E.
By operating the treadles, the two arms C are lowered, carrying
the copper jaws that hold the work rigidly in position on the
lower jaws. When this operation has been performed, the
switch handle F is pressed, turning on the current, and the
lever G is drawn in toward the center of the machine. This
makes sliding head H travel in the same direction, and carries
forward one part of the work that is to be welded. Handle G
is not operated until the extended ends of the work to be welded

o
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bhave reached a white heat or welding temperature. Then
sufficient pressure is applied to the handle to upset the material
and form a perfect weld. The arms carrying the top clamping
jaws are released by means of releasing treadles I. The move-
ment of the two arms C is controlled by eccentric adjusting
screws J located in each head, as indicated.

The lower clamping jaws are cooled by a constant stream
of water flowing through the pipes H and I, Fig. 7, which adds
greatly to the increased life of the jaws. The head of the ma-

Fig. 7. Details of Clamping Jaws used on Machine shown
in Fig. 6

chine carrying the different operating parts is an iron casting
of massive construction. The cam lever K is a stgel casting
which rides upon a hardened steel shoe and reduces wear to a
minimum. The small copper jaws held in the arms are the
only parts that need to be replaced and are simply cut off from
bars of copper stock. The stationary and movable heads are
both provided with adjustable slides to take in various lengths
of work, and, as shown in Fig. 6, carry backing-up stops L which
serve to hold the work in its proper place and relieve the clamp-
ing jaws of considerable strain. All compression on the work



26 ELECTRIC WELDING

is taken on these stops instead of on the jaws themselves, and
they enable the perfect duplication of lengths of work. The
lever arms can be raised and lowered by means of the eccentric
screws J shown at the top of the machine, to provide for dif-
ferent sizes of work. In changing over from one job to another,
it is only necessary to change the clamping jaws, reset the
stops and adjust the eccentric screws controlling the move-
ment of the lever arms.

A number of special electric welding machines have also
been built for welding spokes into hubs of agricultural ma-
chinery wheels, seam-welding steel tubing, welding railway rails
in the streets, and making wire fencing and wire mesh for con-
crete reinforcing. "

Preparing Work for Butt-welding. — For butt-welding, it is
not necessary to prepare the metal, although, when rusty or
covered with scale, the rust or scale should be removed from
those parts of the pieces which are in contact with the jaws
or each other sufficiently to allow good contact of clean metal.
The work should preferably be cleaned with a sand-blast or
emery cloth. Where there is a large amount of work to be
welded, it is sometimes advisable to grind off the ends on an
emery wheel to insure a good contact. Scaly forgings should -
be pickled, and this can be done at a slight cost. The pickling
solution should be kept in a wooden, stone, or lead-lined tank,
and is composed of five gallons of commercial sulphuric acid
(oil of vitriol) added to 250 gallons of water. This solution
requires only a few minutes to remove the scale. After dipping
the work, wash off the acid in running water and dip the stock
in limewater to neutralize any traces of acid; fifty pounds of
unslaked lime to 150 gallons of water is about the right mixture.
Both acid and lime solutions should be kept as near to the
boiling point as possible, to obtain the best and quickest results.
When the work is taken from the hot limewater, it dries very
quickly, and a thin film of lime forms on it, which prevents
rusting.

A good method of heating the acid solution is to run a coil
of extra heavy lead pipe to the bottom of the tank and out at

o~
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the top for carrying steam. Cold acid solution may be used,
but it takes much longer to remove the scale and also requires
the use of a considerably greater quantity of acid. The clean-
ing of the work is an important point, as the best results can
only be obtained when the stock is clean. The cleaner and
better the stock, the easier it is to weld and the less current
it takes; there is also less wear on the clamping jaws. The
clamping jaws should be kept clean and firmly held in the
holders. If dirt or scale is allowed to gather in the socket that
holds the jaws, good contact cannot be made.

Another point in butt-welding is that pieces of similar metals
should have their welding sections equal; that is, the two ends
of the stock that come together must be of the same diameter
or cross-sectional area. When a large piece is to be welded
to a smaller piece, the end of the larger piece should be reduced
to the section of the smaller for a length of from 1 to 2} times
the diameter. This applies to round stock, hexagonal stock,
flat stock or tubing, and, in fact, any shape of work that it is
intended to butt-weld. If this point is not observed, it is
necessary to have a special arrangement of the dies and to
preheat the piece which has the largest cross-sectional area in
order to prevent burning the small piece while the large one
is heating.

Projection of Work from Clamping Jaws. — In butt-welding,
the work is allowed to project a certain distance out from the
faces of the clamping jaws, and then, when it has become heated
to the proper temperature, the jaws are forced together until,
in some cases, they practically make contact. The amount
of metal projecting is determined largely by the material to
be welded and the type of weld desired. Fig. 8 shows the
relative positions of the clamping jaws and the amount that
the work should project from them for welding various ma-
terials.

Flash-weld. — At A is shown the amount that the stock
should project from the clamping jaws when making a flash-
weld on round or bar stock. This applies to the welding of
wrought iron or steel. The space between the two jaws should
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equal about o.7 times the diameter of the work. The distance
is never greater than the diameter of the stock for making a
flash-weld. A flash-weld is generally used on stock that is
wide and thin, and is sometimes advisable when the welding
faces are not cut square and true. It is also used in welding
tubing to tubing —in fact, in all cases where a small amount
of stock is to be taken up in the weld, or when it is desired to
shear or grind off the fin.

Upset Weld. — For making an upset weld, the stock should
project from the jaws about the distance shown at B in Fig. 8.
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The amount of metal generally left extending f.rom the jaws for
making an upset weld in wrought iron or steel is abo}n 11 times
the diameter of the work. Upset weldl.ng is used in all cases
where the weld is to be hammered, using the heat,. generated
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jaws about as indicated at C, Fig. 8. The low-carbon stock
should extend considerably farther than the high-carbon stock,
the high-carbon stock generally extending about § times the
diameter of the work, and the low-carbon stock about 1.8
times the diameter of the stock. The reason for this is that
the high-carbon stock offers much greater resistance to the
passage of the electric current than the low-carbon stock, and
hence heats up quicker.

Wrought Iron to Copper. — When welding wrought iron to
copper, it is necessary to hold the work as shown at D in Fig. 8.
The wrought iron should project from the jaws about o.7 times
the diameter of the work, and the copper about 1.8 times the
diameter. The copper should preferably be reduced on the
end to about o.5 times the diameter of the bar. In this case,
the copper is a better conductor of the electric current than
the wrought iron and, consequently, does not heat up as quickly.
The cross-section of the copper is, therefore, reduced to in-
crease its resistance to the passage of the electric current and
cause it to heat up quicker, or at about the same rate as the
wrought iron.

Brass and Copper. — In welding one brass rod to another
brass rod, the clamping jaws should be set apart about three
times the diameter of the rod, as indicated at E in Fig. 8. The
weld, however, only takes up a length equal to about the diam-
eter of the bar, when the bar is over } inch in diameter. In
welding copper to copper, the work should project, as shown
at F in Fig. 8, about four times the diameter of the rod. Here,
also, only a length equdl to about the diameter of the stock
is utilized in making the weld, unless the stock is less than
1 inch in diameter.

Various Arrangements of the Clamping Jaws. — In order to
make different types of welds, various arrangements of the
clamping jaws are necessary. Fig. 9 shows diagrammatically a
number of different arrangements. The views shown are plan
views, looking down on the top faces of the jaws. At 4 is
shown the typical arrangement of the jaws for making an ordi-
nary butt-welded joint, the work being clamped centrally be-
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tween the upper and lower clamping jaws and projecting the
required amount, as previously described, for various materials.

Sheet or flat stock is usually welded with a machine called
a ‘“spot-welder,” provided with vertical clamping points or
electrodes. This process will be fully described in a succeeding
chapter. When the size and shape of the work will permit,
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however, spot-welding operations can be accomplished on cer-
tain materials in a butt-welding machine by employing special
arrangements of the clamping jaws as shown at B and C in .
Fig. 9. In practice, however, it is found that in some cases
the necessary form of jaws on butt-welding machines renders
them impractical on account of the impossibility of placing
the work to be spot-welded in them. For spot-welding in an
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electric butt-welding machine, the two upper clamping jaws
are not used, and one of the lower jaws is pointed as shown
at B, the other being provided with a flat face. The material
having the least resistance to the electric current is placed in
contact with the pointed jaw. This form of jaw is used in
welding sheet steel, copper, and brass, but when galvanized
iron is to be spot-welded, the faces of both clamping jaws must
be pointed. The arrangement of the clamping jaws shown at
C in Fig. 9 can also be used in an emergency for performing
spot-welding operations on a butt-welding machine. Instead
of using the jaws as electrodes, two round copper rods, as shown,
are held in them, one of which is pointed for welding steel,
brass, and copper; both of these rods must be pointed for
welding galvanized irom.

For performing jump-welding operations on light stock, the
arrangement shown at D in Fig. g is used. = One piece of work
is held parallel with the front faces of the clamping jaws as
illustrated, and the other located at right angles to it. The
piece of work located at right angles is generally pointed to
reduce the cross-sectional area in order to enable it to heat
up at the same time as the other piece, allowing a perfect
junction to be made. This arrangement of the jaws is also
used for the welding of tubing.

A rather unusual arrangement of the clamping jaws is shown
at E in Fig. 9. This requires a specially constructed machine
"provided with two pairs of self-equalizing clamping jaws
mounted on the left-hand head and insulated from each other.
These two jaws are operated by one vertical lever and are
used for gripping the upper part of the “T-bar” that is to be
welded. The machine is provided with a double-throw switch
operated by a foot-lever. The making of a tee-weld is accom-
plished by first heating the stock between the two auxiliary
clamping jaws a for a distance of about one or two inches.
When it is red-hot, the double-throw switch is turned to the
left, which changes the flow of the current. The current then
travels from the right-hand clamping jaw b, in which the lower
part of the tee is held, to the left-hand preheating jaws. When
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the lower part of the tee is brought into contact with the pre-
heated bar and the current turned on, the two pieces quickly
reach the welding temperature; a slight pull on the lever handle
forces them together, and the job is done.

The diagram at F, Fig. g9, shows the arrangement of the
clamping jaws and the work for forming a square-corner weld.
One piece of work is held parallel with the traveling slide of
the jaws, and the other at right angles to it. In this case,
the sectional area of the two pieces is practically equal, so that
no preheating of the bars
is necessary. The flat bar
in the right-hand jaw
should project farther
from the face of the jaw
than the other piece, gen-
=s- t-—- erally about twice the
distance. At G another
/ arrangement of the clamp-
H ing jaws is shown for

? >(\ } making a corner weld,

B .| but, in this case, the weld

Fig. 10. Method of arranging Clampin, is made at an angle of
J.un.for Butt-welding ‘l'hinw;tip’_smck ® about 45 degrees, mak-
ing a miter joint. In this
arrangement, the work is presented differently because of the
angles on the work. The jaws are machined so that they act
as a guide to present the two pieces at right angles to each
other; the welding operation is a comparatively simple process,
no preheating of the work being necessary.

The butt-welding of hoops or rings, as shown at H, can also
be done in a regular butt-welding machine in which the clamp-
ing jaws are so arranged as to allow the stock to be presented
to them without coming in contact with the frame of the
machine. The operation of welding is carried on in the same
way as an ordinary butt-welding job.

A special arrangement of the clamping jaws (patented by
the Thomson Electric Welding Co.) for butt-welding thin wide
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strip stock in a butt-welding machine is shown in Fig. 10.
This type of welding would be particularly difficult with clamp-
ing jaws of the ordinary shape, as it would be impossible to
hold the thin stock close enough to the edge to keep the two
edges in alignment and distribute the heat evenly. By con-
structing the jaws with toothed or intermeshing edges, as shown
in Fig. 10, the stock can be supported practically to the edge,
as shown at A4, and still allow space for a burr to be formed at
the weld when the jaws come together as shown at B.

Welding Pieces of Unequal Cross-sectional Area. — Fig. 11
shows a machine embodying the necessary apparatus for weld-
ing pieces of unequal cross-sectional area, which has been de-
signed and patented by the Thomson Electric Welding Co.
This is accomplished by using two transformers, one for heating
the thick piece and the other for making the weld. In the
illustration, the heating transformer is indicated at 4 and the
welding transformer at B; C is the secondary circuit of the
heating transformer; it consists of a metal yoke recessed to
receive the primary coil D, and is bolted to the table top as
shown. On one terminal is secured a slide E and on the other
a slide F; these slides carry at their forward ends the lower
jaws or work-holding members G and H. Mounted on slides
E and F, but insulated from them, is an arm I on which the
other work-holding members J and K are mounted. These
upper clamping jaws are insulated and seated in the free end
of the lever L which is pivoted to the arm I. This lever is
depressed by the cam lever M. ,

The welding transformer has its secondary in the plane inter-
secting that of the heating transformer. It is secured to the
table and has one of its terminals projecting and seated between
the terminals of the heating transformer from which it is insu-
lated. The other terminal of this secondary has mounted on
it a slide O which carries at its forward end the lower jaw or
work-holder P. The upper jaw or work-holder Q is carried
on the end of lever R, which is pivoted to the curved arm S,
mounted on the slide O. A cam lever T serves to depress the
lever R, and a spring returns it substantially to its former
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position. Anti-friction rollers are located between the base of
the machine and the movable arm S to facilitate its movement.
The work-holders are constructed so that the clamping bases
may be readily removed, and are made as small as practicable,
with sufficient ‘contact area to concentrate the lines of force
between-the terminals of the secondary. The work-holders are
also kept cool by circulating water through them. The pri-
maries of the transformers 4 and B are connected to a source of
electric current in parallel, and each is provided with a switch
so that it can be operated independently.

In using this apparatus for welding a thin piece to the side
of a thick piece, the latter is clamped between the jaws G and
H and J and K, and the current turned on, thereby heating
the portion of the thick piece which lies between the clamps.
The abutment U and the thin piece can touch the work if

desired. The current flows from one terminal G to the other -

terminal H and through the work. When the thick piece is
sufficiently heated, it is moved back, together with its clamp,
until it bears snugly against the abutment U, and at the same
time the slide O is moved to bring the thin piece of work held
in jaws P and Q up against the thick one. The current is
then turned on to the welding transformer B and, if necessary,
can be turned off from the heating transformer 4. When the
current is turned on to the welding transformer, it flows from
the jaw R through the abutting pieces of work to the abut-
ment U. As the pieces of work soften, suitable pressure is
applied to the lever V to produce the necessary upset and
effect the weld. The current is then turned off and the levers
released to free the work.

Tee-welding Thin Strip Stock. — In the butt-welding of thin
strip stock, the top of the tee has much more volume than the
end of the lower portion of the tee that is to be welded to it,
as is illustrated by the pieces ¢ and b in Fig. 12. It is desirable
to provide a means for localizing the current so that the piece
a will heat up equally with the piece b. The method of accom-
plishing this is to first heat the piece ¢ and then subject it to
end pressure to upset it and form a burr or projection as shown.
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This provides means for localizing the current at the point of
welding in the subsequent stages of the operation. The piece
b is then welded to the piece a by bringing the former into
engagement with the upset and subjecting it to both heat and
pressure. With this type of apparatus, it is evident that three
sets of clamping jaws are necessary. The condition of the
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Fig. 12, Method of making a Tee-weld on Thin Stock, also
Method of making Tee-welds without reducing Original Dimen-
sions of Parts being welded
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work before and after welding is shown at 4 and B. This
process of electric welding was patented by the Thomson
Electric Welding Co., in November, 1913.

Tee-welding without Changing Original Dimensions of Work.
— A special application of the electric welding machine to tee-
and angular-welding without changing the original dimensions
of the work is diagrammatically shown in Fig. 12. This method
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can be used advantageously in the construction of articles
such as metal grills, grids or frames employing a number of
cross pieces united to end pieces. In the usual practice of
uniting pieces by a butt-welding process, there is, of necessity,
a shortening of the piece attendant upon the upsetting of the
plastic metal at the joint under endwise pressure. This in-
volves a change in the dimensions of the completed structure.
Hence, in the welding of a frame or grid having two or more
cross pieces of definite dimensions, it is evident that, by the
ordinary method of butt-welding, a certain amount of the
metal is taken up in the upset and hence the pieces would be
shortened. The methods illustrated in Fig. 12 consist in hold-
ing the pieces to be welded rigidly in their ultimate relative
positions and crowding in a uniting material which is made
plastic by the passage of an electric current through it. The
metal is crowded into the space between the two pieces and
fills up the joint, welding the members together.

One method of uniting two members in this manner is shown
at C in Fig. 12. The pieces ¢ and d to be joined are separated
by a wedge e which is forced in sideways in the space between
the two pieces. This metal may be of the same character as
that of ¢ or d, or different, according to the kind of joint re-
quired. By passing a current through these pieces, the metal
wedge becomes plastic and adheres. to the pieces, joining them
without change of dimensions in the structure or shortening of
either of the component parts. Any part that is left project-
ing from the wedge-shaped piece e is cut off after the welding
of the joint is completed.

Another method of making the same joint, where only mod-
erate strength is required, is shown at D. In this case, a small
piece of metal f is being crowded into the intervening space
between the two pieces by means of the crowding tool g. A
slightly different application from that shown at C is shown
at E where two pieces instead of one are used to form the
junction. At F is shown another method. In this case, a
bevel groove is cut in the piece 4, providing it with a seat for
the metal which is inserted to form the junction. Still another
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method of effecting a tee-weld without any change in the origi-
nal dimensions of the pieces is shown at G, in which the end
piece i is flared out to provide material which is forced back
by means of the crowding tool j. In this case, however, it is
obvious that the plastic material is not a separate piece, but
consists of one of the parts itself. The flare, instead of being-
as shown at G, can be as shown at I and will engage the other
piece on the corners instead of in the center, so that the action

Fig. 13. Examples of Electrically Butt-welded Work showing
Upset and Flash Welds

of the crowding tool will force the metal down into the center
when making the junction. Another method of accomplish-
ing the weld is shown at H in which the joining metal is applied
in small pieces or spots at the corners, this method being espe-
cially adapted to the tee-welding of parts where a strong joint
is not essential.

Work done on Butt-welding Machines. — Fig. 13 shows a
group of work that has been welded on a butt-welding machine.
The example shown at A4 is known as an upset weld; this does
not take as much metal as a flash-weld, but requires a con-
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siderably longer time to make. The method of making an
upset weld is to reduce the amperage and take a longer time
to heat the metal. This type of weld is used where it is not
necessary to have the work highly finished and no flash need
be removed. The example shown at B is known as an upset;
the work is clamped between the jaws of the welding machine,
the current turned on, and the jaws gradually brought together
until the work has been upset to the required diameter. The
work is then quickly removed and placed under a press or other
machine and flattened out.

Fig. 14. Electrically Butt-welded Cap-screw

At C is shown a flash-weld. A considerably greater amount
of material is used in making a flash-weld than an upset weld,
but it is done much quicker. A flash-weld on some materials,
such as brass, etc., is preferable because all the burnt metal
is forced out into the flash, and a much better weld is secured.
It is also possible to bring the two members that are welded
into much better alignment with a flash-weld than with an
upset weld. The examples shown at D and E are also flash-
welds, the one shown at D being a round section, while the one
at E is an I-beam section.

-Welding Heads of Cap-screws. — Another common example
of butt-welding is shown in Fig. 14. In the manufacture of

3D
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large cap-screws, it is found much more economical to make
the cap-screw from two pieces and then weld them electrically
than to turn down the body part from a large bar. In making
cap-screws by the electric welding process, the first step is to
make the stem, thread it, and finish it complete, and then to
turn the hexagon head from another bar. In electric welding,
the two members that are to be joined should preferably have
the same cross-sectional area; therefore, it is necessary to turn
down the front part of the head to the same diameter as the
body of the cap-screw and to have it of a length equal to that

Fig. 15. Example of Tee-welding on Rectangular Work per-
formed on Butt-welding Machine with Special Arrangement
of Clamping Jaws

necessary to form the weld, generally about from one-quarter
to one-half the diameter of the cap-screw. The head of the
bolt is then held in one pair of jaws of the electric welding
machine, and the bolt in the other, and both are brought to-
gether and welded, the jaws being made to conform to the shape
of the two parts.

Tee-welding. — An example of tee-welding is shown in Fig.
15. This work can be done on a butt-welding machine by a
special arrangement of the jaws. When it is desired to weld
a piece of iron to the middle portion of another bar of equal
size or larger, it is necessary to preheat the middle portion of

™
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the bar to a bright red, then bring forward the other bar, the
end of which is presented to the first one, and again turn on
the current, when a weld can be made quickly. Special ma-
chines are built for handling this class of work, in which three
pairs of clamping jaws are used instead of two.

Corner-welds. — Two different types of cornér-welds are
shown at 4 and B in Fig. 16; the corner-weld shown at 4 is

Fig. 16. Examples of Angular and Straight Corner Welds and
Jump-welded Piping accomplished on Electric Butt-welding
Machines

an angular weld, and can be performed in a butt-welder without
any special arrangement of the clamping jaws, as shown at G
in Fig. 9. The corner-weld shown at B is a square weld and has
to be handled in a2 manner similar to that described for making
a tee-weld, except that three jaws are not necessary, as is shown
at E i Fig. 9.

Jump-welding. — Jump-welding is another type of welding
that can be handled on a butt-welding machine. When welding
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two rods in a jump-weld, one piece is held parallel with the
opposing faces of the clamping jaws and the other at right
angles to the first piece. The piece that is held as in butt-
welding is sometimes pointed so that its cross-sectional area
at the point of contact with the vertical piece will be reduced.
Two examples of jump-welded tubing are shown at C and D
in Fig. 16; D shows a jump-welded section which has been
torn apart to illustrate how tenaciously the weld holds. An-
other example of butt-welded tubing is shown in Fig. 17. This
piece of work comprises a hollow
irregular-shaped tubing which is
butt-welded at an angle. The
manner of accomplishing this is

shown in Fig. g, at G.
Examples of Butt-welding. —
Fig. 18 shows a collection of ex-
. amples of butt-welded work: A4
shows a hollow steel knife handle
welded to the knife blade, show-
ing a sharp fin at the joint. The
blade and the German silver
prongs of the fork shown at F
Fig. 17. Corner Weld on Irregular- are formed on the end next to
shaped Tubing the handle practically to the same
shape as the smallest end of the
handle; that is, the end of the fork or knife is hollowed out
into the shape of a tube so that it presents the same cross-
sectional area as the lower end of the handle. This is the best
way to handle this work, but, in some cases, it is not necessary
to do this. At B is shown a piece of high-carbon steel which
has been butt-welded, and the nature of this weld is clearly in-
dicated by the rugged fin; C shows a piece of softer steel with
a smooth round swelling made by the weld, which took less cur- -
rent, but more time, to make. This weld is more in the nature
of an upset weld. At D are shown two sizes of steel rods welded
and upset into a smooth round button or shoulder; E shows
two steel cups which have been welded together to form a caster,
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the point of the weld here being indicated by very sharp fins;
G shows two pieces of rectangular stock which have been cross-
welded and ‘“mashed” together; H shows two pieces of angle-
iron which have been welded at the corner; I shows two dif-
ferent sizes of pipe tee-welded.

Fig. 18. Examples of Butt-welded Work

Another group of miscellaneous examples of butt-welded work
is shown in Fig. 19, where A4 is a leaf of an automobile spring
with a weld in the center; B, the nose of pliers welded; C, a
rod upset on one end; D, ends welded on a cotton-mill steel
flyer; E, a carriage step; F, a foot piece welded on a treadle
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step; G, an iron frame; H, a vertical oblique weld in flat steel;
I, a cross-weld in two rods; J, an iron magnet ring; K, a pipe
welded to a flange; L, a rod welded to a disk to form a gear
blank; M, one end welded to a crankshaft. The places where

Fig. 19. Examples of Butt-welded Work adapted particularly
to the Automobile Industry

the welds are made are seen by the swelling or burrs at the
joints.

Fig. 20 shows a common and very valuable use of the electric
butt-welding machine for joining high-carbon or high-speed
steel to low-carbon steel. To the right of this illustration, at
A, B, and C, are shown a diamond-point turning tool, side-
facing tool, and round-nose turning tool, all made from high-
speed steel, which have been welded to ordinary soft carbon-
steel shanks. In this way, the cost of the tool has been reduced
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but its life has not been shortened in any way. To the left
of the illustration is shown a counterbore before and after
repairing. The counterbore shown at D had one tooth broken.
The shank was then cut off and welded to a new piece of tool
steel, as shown at E, making the counterbore ready for recutting
and hardening. At F is shown a center which has been broken,
and at G the center repaired. At H is a shank end welded to
a drill and at I is a long shank welded to a short drill. The

Fig. 20. Butt-welded Work adapted to Tool-room and General
Machine Shop Requirements

examples shown are such as are commonly found in the machine
shop, and illustrate the application of the electric welding
machine to general repair and tool work. Nearly all extension
drills made at the present time have their shanks welded to
high-speed steel cutting parts, the shanks being made of ordi-
nary cold-rolled steel. In fact, a large number of drills of
standard lengths are made in this way.

Other Uses of Electric Welding Machines. — In addition to
welding, a large number of other operations can be performed
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on electric welding machines. One use is the annealing of
hardened steel plates and other articles so that they can be
drilled or machined. The terminals of the welding machine
are connected to each side of the article to be annealed. Enough
current is then applied to heat the metal sufficiently to soften
it. This process is also applied to the manufacture of springs,
where it is found necessary to take the temper out of the ends
in order to flatten them. As a rule, however, special machines
are designed for handling this class of work. Electric heating
for hardening and tempering is also one of the uses for a welding
machine. This is done by clamping the stock in the dies of
a butt-welding machine, then turning on the current and bring-
ing the metal to the proper temperature for hardening, where-
upon it is quickly removed and quenched in the usual manner.
As the metal is in plair sight of the operator, this is an ideal
method of heating many classes of work.

Another operation that is commonly handled on electric
welding machines is the riveting and heading of rivets, obvi-
ating the objectionable noise from pneumatic hammers and the
heating of rivets in the forge fire. After the hole in the work
has been punched and the rivet inserted, the electrodes of the
welding machine are pressed against the ends of the rivet,
which are quickly heated. The electrodes are then brought
together to shape the form on the head. Electric brazing can
also be handled rapidly on the welding machine. When the
work permits of its admission into the jaws of a welding ma-
chine, brazing becomes a comparatively simple operation. After
the work is clamped in the jaws, the current is turned on. When
the metal has heated sufficiently, the spelter and flux are applied
and allowed to run into the joints. Having the work under
absolute control and in full view offers many advantages for
electric brazing.

Power and Time Required for Electric Butt-welding. — For
electric welding, single-phase or one phase of a multiphase
system alternating current of from 100 to 500 volts, 40 to 6o
cycles, is required. For other cycles, a special transformer
must be used in the welder to adapt it to the higher or lower
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frequency. For voltages higher than 440, the handling be-
comes somewhat dangerous, so that a special switch mounted
on the wall at some distance from the machine must be fur-
nished. This prevents any possibility of the operator coming in
contact with the current when operating the machine. Direct
current is not employed for resistance welding, because there
is no simple way of reducing the voltage without interposing
resistance, which uses up the power. For instance, a direct-
"current plating dynamo will give approximately 5 volts, which
would be sufficient for certain kinds of welding, but lighter
work calls for less current. By putting resistance in the line
to take care of this decrease, the resistance uses up the power
instead of allowing this power to do useful' work. All electric
welding machines are provided with transformers which reduce
the voltage to from 3 to 5 volts. '

The power and time required for electric welding varies with
the cross-section of the stock and the material being welded.
Copper and material offering a small amount of resistance to
the passing of the electric current require a higher amperage to
heat than other materials that offer more resistance to the
flow of the current. Welds on copper, brass, and high-carbon
steel must be accomplished very rapidly if good work is to be
secured, and hence the amperage used is higher than for low-
carbon steel or wrought iron. The regulator, however, can be
shifted until the correct amount of current is supplied. It is
always desirable to have ample power to make the weld in the
quickest possible time, as better results are usually obtained,
and both time and power saved. A $-inch round rod of wrought
iron can be welded with 15 kilowatts in fifteen seconds or with
23 kilowatts in six seconds, using, in the first case, 15 X 15 = 225
kilowatt-seconds, and in the second case, 23 X 6 = 138 kilowatt-
seconds. Endless pieces, like rings, take more power for the
same cross-sectional area, as the diameter of the ring decreases;
copper and brass take more power and less time than wrought
iron or steel of like sections.

Table II shows the kilowatt and time required to make welds
on round wrought-iron rods or other sections, and the cost in



48 . ELECTRIC WELDING

Table I. Time and Power Required for Butt-welding Various Materials

Area of Bar, Equivalent | g ivalent Side | Approximate | Timein Sec.
Square Inches | DW8Meter | oiSquareBar | K.W.Required | t0Makea
WROUGHT IRON OR STEEL BARS OR RODS
0.25 e 14 6.0 20
0.50 13e 934 10.0 28
0.75 I 7% 13.0 35
1.00 138 1 18.75 40
1.50 13% 11564 29.5 44
2.00 1% 3% 33.0 57
2.50 1% 1% 38.0 63
3.00 1'¥He 1% 43.5 70
4.00 234 2 56.3 8o
§.00 234 21564 61.7 go
6.00 24 29%4 69.0 98
BRASS BARS OR RODS
0.125 1342 2364 6.0 10
0.250 He 14 12.0 14
0.375 1Ye 3964 12.6 17
0.500 1He 3342 1§.0 20
0.750 I % 25.0 22
1.000 144 1 29.5 28
1.250 1% 14 37.0 32
1.500 134 11564 43.0 35
2.000 1% 137%4 53.0 40
2.500 1% 11%: 60.0 45
3.000 1156 134 66.0 49
COPPER BARS OR RODS
0.0625 382 3§ 5.0 5
0.125 1342 334 8.5 7
0.1875 1552 3% 12.0 9
0.250 %e 14 18.0 10
0.375 14e 3% 28.5 11
0.500 136 335 32.0 14
0.625 294, 2542 37.0 16
0.750 b ¢ % 43.0 18
1.000 134 1 §5.5 20
1.250 13 14 61.0 23
1.500 1% 1156¢ 68.0 25

cents per kilowatt for 1060 welds. The price of current in
different places varies, but the current here is figured at one
cent per kilowatt-hour to give a basis for calculating the cost.
Multiplying the price as given in the last column of this table
by the current rate charged by local electric light companies
will give the cost of current for 1000 welds.

P
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Table I gives the kilowatt and time required for electric
welding of wrought iron and steel, brass, and copper. This
table does not correspond with Table II, as the time given for
welding is quite different. The power required for electric
welding varies inversely as the time consumed in making the
weld. The operator can do this work quickly and use more
current for a shorter period, or he can heat the stock slowly

Table II. Approximate Time and Current Required for Butt-welding

Iron and Steel
" . Time in Cost per 1000
Diameter of Area of Rod, App e e !
Rod, Inches | SquareInches | K.W.Required | proonweny wa:; “]‘(fw‘f“‘
% 0.0§ 2 3 $0.02
2 o.11 3.5 s 0.0§
34 0.20 s 5 0.07
56 0.31 7.5 10 0.21
3 0.44 12 15 0.50
% o.60 15 18 0.7§
1 0.79 18 20 1.00
144 0.99 25 25 1.73
1% 1.23 35 30 2.90
14 1.77 5o 40 5.55
134 2.41 65 45 8.12
2 3.14 75 50 10.42

and use less current for a longer time. To do the work rapidly
would require a larger generator and transformer capacity to
furnish the desired current. The volumes of current used vary
from 2000 to 50,000 amperes. The area of the bar has been
converted into the equivalent diameter of round and the equiv-
alent side of square -bar, for convenience in use. It will be
noted that the current required for the various materials differs
considerably.



CHAPTER II

SPECIAL BUTT-WELDING MACHINES AND PROCESSES

As mentioned in the preceding chapter, many classes of work
can be most satisfactorily handled in machines designed espe-
cially for that purpose. To meet this demand, a large number
of special electric welding machines have been put on the market,
and in the following some of the most important of these will
be illustrated and described.

Electric Welding Machine for Taps, Twist Drills, etc. —In
making extension drills, taps, etc., use is made of the electric
welding machine, and for this purpose special types of machines
are usually built. Fig. 1 shows a machine designed for this
work. In this machine, work which has been finished can be
electrically welded so that the two finished parts will come
together in perfect alignment. The machine has sliding V-ways
similar to those on a planer bed, which are scraped to a bearing
and are provided with screw-adjusted long taper gibs, insuring
accuracy in taking up wear of the moving parts. Stops with
screw adjustments to back up and hold the work in perfect
alignment are also provided. Each clamping lever is mounted
on an eccentric that can be quickly adjusted for different sizes
of stock. The current is turned on by touching the thumb-
switch mounted on the compression handle, and the clamping
jaws are accessible and can be quickly changed for varying
sizes of work. The current regulator is mounted on the side
of the machine and by means of this device the amount of
current is under the complete control of the operator.

In welding extensions on taps or drills, the extension is made
of low-carbon steel and the cutting part of the tool, from high-
carbon tool steel. To make a satisfactory weld, it is, therefore,
necessary to have the two materials protrude the proper dis-
tance from the faces of the clamping jaws. The amount that

50
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the work should project from the clamping jaws is governed
by several conditions, and, in this case, would be governed
largely by the diameter and carbon content of the parts being
- welded. Low-carbon steel does not offer as much resistance to
the flow of electric current as does high-carbon steel, and, con-
sequently, should project farther from the clamping jaws. The
low-carbon extension should project about 1.8 times its diameter
from the face of the clamping jaws, and the high-carbon part,

Fig. 1. Special Electric Butt-welding Machine designed particularly for
Welding such Work as Extension Taps, Twist Drills, etc.

§ times its diameter from the clamping jaws. The welding
of shanks onto taps and drills should be done very rapidly;
that is, a large amount of current should be supplied, and the
heating done quickly. A flash-weld is also preferable to an
upset weld.

Hoop and Tire Welding Machines. — As a means of making
steel automobile rims cheaply, welded strip stock has been
adopted, and, for handling this work, special electric welding
machines have been devised. Fig. 2 shows an electric welding
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machine designed and built by the Thomson Electric Welding
Co. for welding automobile rims. This machine will weld flat
stock up to 7 inches wide by 5 inch thick, and has a capacity
of 30 kilowatts for 15 seconds. It is known as a “3o-kilowatt
electric welder” and is shown in the illustration with the clamps
thrown open. In operating this machine, the hoop or rim is
slipped in between the upper and lower clamping jaws with the
ends of the rims abutting. The two upper clamping arms A4

Fig. 2. Special Type of Electric Welding Machine built by the
Thomson Electric Welding Co. for Welding Automobile Rims
and Similar Work

are then brought down in contact with the work, and the handles
or clamps B swung up so as to hold them in position. The
current is then turned on by depressing the foot-treadle C,
and handle D is operated. This moves the platen and brings
together the abutting ends of the rim which are now highly
heated, forming a weld. The machine is supplied with adjust-
able replaceable self-hardening steel jaws in the upper arms,
which are also provided with balancing weights so that, as
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soon as the clamping levers are removed, the upper jaws fly up.
The platen is provided with ball bearings to facilitate its opera-
tion, and water is circulated through the secondary terminals
and clamping jaws or electrodes to keep them cool.

Automatic Electric Tire Welding Machine. — Electric butt-
welding machines for welding automobile rims, hoops, etc., are
either hand-operated or of the semi-automatic type. A rim-
welding machine of the semi-automatic type is shown in Fig. 3.

Fig. 3. Power-driven Automatic Butt-welding Machine especially de-
signed for Welding Hoops, having a Maximum Capacity of 2- by
3p-inch and a Minimum Capacity of 1- by Va-inch Flat Stock

The stock is rolled into hoop-shape and placed in the clamping
jaws of the machine. The operator then depresses the foot-
treadle shown at the front of the machine, whereupon the jaws
instantly close and firmly grip the stock, bringing the ends of
the hoop closely together. At the instant that the foot-treadle
is operated, the current is automatically turned on and the
stock begins to heat. In a few seconds, it reaches the welding
temperature, whereupon the operator again depresses the foot-
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treadle. This starts the machine, and the movable slide which
is operated by a cam through connecting links and additional
mechanism moves forward, bringing together the semi-molten
ends of the metal, and as these come together, the current is
shut off. For flattening the burr formed at the joint, a pair
of steel forming dies is located between the clamping jaws and
operated from the lower and upper surfaces of the work. After
flattening the flash, the form-
ing dies withdraw, the right-
hand clamping die backs
away, and the machine re-
sets itself ready for the next
cycle of operations. The
operator then throws out the
finished rim and places an-
other in the machine, where-
upon the cycle of operations
isrepeated. The entire work-
ing mechanism of the ma-
chine is controlled automati-
cally with the exception of
the foot-treadle. The parts
of the machine that have to
be varied for different classes
Fig. 4. Example of Hoop-welding per-  of work are made adjustable,
formed on Butt-welding Machine and when these have once
shown in Fig. 3 . N R
been set in their correct posi-
tion, the operation is comparatively simple. An example of
work handled in the semi-automatic rim-welding machine shown
in Fig. 3 is illustrated in Fig. 4. To the left of this illustration
is shown a rim previous to welding, and to the right is shown
a rim successfully welded. In this illustration, the joint has
been flattened out so that the thickness of the rim at the weld
is very little greater than anywhere else along the circumference
of the rim.
Machine for Welding Tubes and Pipes. — Fig. 5 shows a
pipe-welding machine which is capable of welding pipe up to



Fig. 5. Welding Machine adapted to the welding of Pipe and Tubing

Fig. 6. Chain-welding Machine designed and built by the Thomson Electric Welding Co.
4D ) 5S
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4 inches in diameter or boiler flues up to 5} inches in diameter,
and has a capacity of 6o kilowatts for 50 seconds, producing
100 welds with 83 kilowatt-hours. This machine has water-
cooled removable gun-metal clamps into which the pipe is
dropped. The movable slide is operated by a twelve-ton
double-acting oil jack mounted at the right-hand end of the
machine, and the break-switch for throwing the current off
and on is controlled by a foot-treadle. In operation, the tubing
is either dropped into the clamping jaws or pushed through
them until the two ends of the pipe meet midway between the
jaws. Levers A are then drawn together, tightening the clamp-
ing jaws on the work. The foot-treadle is then depressed,
turning on the current, and the ends of the pipe immediately
begin to heat up. The jack-lever B, operating the oil jack,
is then moved up and down two or three times to force the
molten ends of the pipe together. The foot-treadle is now
released, shutting off the current; the clamping levers are
thrown back and the tubing removed, leaving the machine
ready for the next weld.

Another type of pipe-welding machine is shown in Fig. 7. .
This machine has a capacity for welding extra heavy pipe up
to 2 inches in diameter, or round bar stock 1} inch in diameter.
The maximum power required is 35 kilowatts. The machine
is provided with vertical clamping jaws, which particularly
adapt it for handling tubing. The work to be welded is clamped
between the copper jaws by levers A. These levers operate
similarly to a quick-acting eccentric vise. The work is placed
in the two clamping jaws with its ends abutting. The current
is then turned on by operating a foot-switch, not shown, and
the stock quickly reaches a welding temperature. Two or
three strokes of the pump-handle B connected to the five-ton
hydraulic ram then force the molten ends of the metal together
to make a perfect weld. The clamping levers operate in a
horizontal direction and do not interfere in any way with the
pipe clamped in the jaws. These levers are long and are de-
signed to clamp the stock so firmly that backing-up stops are
not necessary when ordinary pipe is to be welded. The dis-
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tance between the clamping dies can be regulated by means of
adjusting screws located at the left-hand end of the machine.
This allows the operator to set his machine for a certain amount
of upset on the stock. )
An example of welded work that can be handled on a tube-
welding machine is shown in Fig. 8. This shows a piece of
tubing welded to a stamping that is used for an automobile
rear-axle housing. In welding tubing to forgings, or tubing to

~

Fig. 7. Special Electric Butt-welding Machine designed especially for
Welding Extra Heavy Pipe up to 2 Inches in Diameter

tubing, a flash-weld, as previously mentioned, is generally made,
except in the welding of hydraulic piping, where particular care
must be taken to produce a good weld without flash.

Preparing Tubing for Welding. — Tubing or piping that is
to be welded should be cut square on the ends so as to abut
evenly. To avoid having the upset decrease the inside diameter
of the pipe, the abutting ends should first be flanged outward
to a slight extent so that the ends, when under pressure, will
force the upset to the outside. Instead of flanging the inside
edges, one or both tubes can be chamfered slightly so that there
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will be a recess into which the upset metal can pass. If tubing
is rusty or scaly, it should be brightened at those spots where
it is in contact with the clamping jaws and where it abuts.
This can be done quickly on a grinding wheel. It is possible
to weld tubing or ordinary pipe, and especially pipe with thick
walls, by clamping the work in a V-shaped jaw, where but
four points are in contact; or with one flat and one V-jaw,
giving a three-point contact. By using the latter type of jaw,
one set can be used for several different sizes of pipe.

Fig. 8. Tubing welded to a Stamping; Weldings of this Char-
acter can easily be handled on Butt-welding Machines espe-
cially designed for this Work

In the welding of hydraulic piping, special care must be
taken to climinate the flash on the inside of the pipe, as men-
tioned. This may be done as follows: The ends of the pipe
are not chamfered, but an upset weld instead of a flash-weld
is made. The pipe is clamped in the jaws of the welding ma-
chine, heated and compressed to make a slight upset. Then,
while the metal is still hot, the outside diameter of the pipe
is rolled down with a pair of special piping tongs to bring it to
uniform size. By taking care, the inside of the pipe will show

/‘\
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very little, if any, upset, and, by inserting a mandrel inside the
pipe at the time that it is being compressed with the tongs,
it can be made perfectly smooth.

Electric Welding Machine for Chain Links. — Another appli-
cation of the electric welding machine for manufacturing pur-
poses is that employed in the welding of chain links. Fig. 6
shows a chain-link welding machine built by the Thomson
Electric Welding Co. In this machine the work-holders are so
constructed that they do not require manipulation prior to the
operation of the machine. A mechanism is also provided for
himmering the chain links after heating, in order to reduce
the burr or upset produced in the electric butt-welding operation.

Referring to Fig. 6, the chain links which are to be welded
are clamped longitudinally and in a horizontal plane between
the left- and right-hand clamping dies A and B with the open
side of the links facing the rear of the machine and in line with
the contact electrodes C, Fig. 9. The work-holders are firmly
bolted in a suitable recess in the die-slides, which can be ad-
justed to slide horizontally in a right- and left-hand direction
from each other. The left-hand slide D, which is normally
held stationary; is mounted between guides formed on the table
and is adjusted longitudinally by stop-screw E. The right-
hand horizontal die-slide F is actuated by a double toggle
through a long hand lever G. The clamping dies H -and I,
Fig. 9, are provided with shallow link clamping recesses cut
in their upper surfaces, and each of these recesses conforms
substantially with the plane or outline of the links that are
to be welded. The electrodes C can be moved sideways to
bring them into contact with the work, so as to draw the open
end of the link together. The electrodes are actuated by a
foot-treadle (not shown) through an equalizing yoke; this
foot-treadle projects from the front of the machine near the
floor. The double-ended lower hammer die or anvil J, which
acts in conjunction with hammer K to flatten the flash formed
at the welded joint, is a flat oblong piece of hardened steel
mounted with its working end beneath the clamping position
of the chain link. This anvil is made with interchangeable
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ends so that when one working end becomes worn or softened,
by contact with the heated chain link, it can be reversed and a
new end brought into position. The hammer K is mounted -
directly above the anvil. A tripping device lifts the hammer
against spring L and then releases it, the spring giving the re-
quired compression. The upper hammer K is held in the lower
end of a vertically reciprocating die-shaft M provided with a
projection N that engages one or more actuating cams or dogs

Machincry

Fig. 9. Diagram showing Operation of Chain-welding Clamping
Dies and Electrodes; also Results of Finished Work — Thom-
son Electric Welding Co.

O mounted on the camshaft; these dogs lift shaft M against
the tension of spring L. Power is obtained from a flywheel P
driven by a belt in the usual manner, which runs free until
the clutch Q is engaged. The burr-reducing or link-finishing
mechanism for both the anvil and hammer is controlled by
hand-operated lever R extending across the left-hand side of
the machine.

In operation, the link is centered and clamped between the
holding dies with its abutting ends just out of contact. These

o~
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ends are then brought into contact by slightly increasing the
pressure on clamping lever G. The contact electrodes C are
then brought forward by pressure on the foot-treadle until
they make contact with the side of the link which is to be
welded. The primary circuit is then closed, thus producing
a current in the secondary circuit or loop carrying the current
to the electrodes. Meanwhile, the operator maintains an end
pressure on the holding dies by means of the clamping lever.
Since the contact of the open ends of the link is the greatest
resistance in the circuit, the link rapidly heats up at this point
and soon becomes plastic, spreading under the longitudinal
pressure to which the abutting surfaces are subjected. As the
ends of the link gradually upset, the operator quickly brings
the holding dies closer together, thus completing the welding of
the link. As clamping lever G reaches the position correspond-
ing to the completion of the weld, the automatic current-con-
trolling switch causes the circuit-breaker to operate and shuts
off the flow of the electric current. The manner in which the
electrodes force the open ends of the link together is clearly
illustrated in Fig. g. .

After the weld has been completed, the end pressure of the
holding dies is maintained by the operator and the foot pressure
on the treadle is released, permitting the contact electrodes to
back away from the work. Lever R, for operating the burr-
removing mechanism, is then pressed downward, raising the
anvil J into engagement with the upset portion of the link,
and at the same time operating the upper hammer K that
strikes one or more blows upon the still heated blank. Mean-
while the pressure on the holding dies is gradually released
to permit the chain link to lengthen. After welding and draw-
ing the links, lever R is returned to the upper position, thus
depressing the anvil and raising the hammer, when the link is
removed and the same operation repeated until the entire
length of chain has been welded.

At S in Fig. 9 is shown another method of welding chain
links. In this case, the welded portion of the chain link is
reinforced by forcing a large amount of metal into the weld
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and surrounding parts. This is an upset weld as shown at T
rather than a flash-weld as shown at U. The cross-sectional
area of the link is increased at the welded joint, making the
link as strong at the joint as anywhere else along its section.
Manufacture of Electrically Welded Chain. — The chain
manufacturer who produces a high-grade product must use
material of uniform quality, and the finished chain must be
tested to discover any weakness due to improperly welded
links, burnt links, or other defects in material or workmanship.

Fig. 10. Machine used for Manufacture of Electrically Welded
Plain-link Chain, showing Welding Apparatus

In making such tests, a load equal to about one-half the ulti-
mate strength of the chain is applied; and as the specified
safe working strength of the chain is about one-half the load
applied in making the test, the factor of safety allowed is approx-
imately 4. In some cases, the specified strength of the chain
is made one-third the ultimate strength, making the factor of
safety only 3.

Welding Plain-link Chain. — Aside from the provision of the
welding apparatus and the necessary mechanism to form the
links of the chain, probably the most important requirement

7~
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of chain-making machines is that they be built very rigidly
in order to stand up under the strains incident to the con-
stant hammering and twisting which takes place while they are
in operation. It is also important that the heat supplied by
the welding apparatus be localized, so that it will not affect
the different members of the machine. Figs. 10 and 11 illus-
trate a type of machine used for making plain-link welded chain,
which differs in general appearance from the machine shown

Fig. 11. Arrangement of Camshaft for Driving Cams which actu-
ate Mechanism of Piain-link Chain-making Machine

in Fig. 6. The illustrations show the rigid form of construction
that is adopted, both as regards the weight of the machine
members and the compact way in which they are mounted on
the bed. In operation, this type of machine receives the wire
from a coil carried by a reel as shown in Fig. 10, straightens it,
cuts off a blank of the required length for the size of link that is
being made, forms the link and makes a scarf weld, each link
being connected with the one previously made, so that a con-
tinuous chain is obtained. When working on }-inch wire, the
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rate of production on this machine is from ten to twelve links
per minute.
The steps involved in the manufacture of chain on this ma-

Fig. 12. Link Forming and ‘Welding Mechanisms

Fig. 13. Mechanism at End of Forming Operation

chine are illustrated in Figs. 12, 13, and 14, which show plan
views of the forming and welding mechanisms while in operation.
Referring to Fig. 12, the wire 4 is fed up to a stop, which regulates
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the length of the blank, while the forming plunger B is returning
from the preceding operation. The arbor about which the links
are formed is in the position indicated by C, but this arbor is
hidden by the chain. As the wire is fed forward, the arbor rises
to its upper position, and when it reaches the top of its travel,
the wire is cut off by a knife carried on the outside of one of the
forming slides, the position of the cut-off blade being indicated
at D. After the blank has been cut off, it is held between the
forming slides and the arbor, and the forming slides E and F con-

Fig. 14. Position of Mechanism shown in Fig. 13 after
Welding Operation

tinue their forward movement and bend the ends of the blank
around the base of the arbor. The arbor then drops to its
central position and the forming plunger B moves forward and
completes bending the blank around the smaller part of the ar-
bor. As the scarfed ends of the blank come together, they pass
through the link of the chain which was formed by the previous
operation, and are laid over each other ready to be welded. At
this stage of the operation, the position of the different members
of the machine is shown in Fig. 13. The link is still retained in
the forming plunger B which now makes one-fourth of a revo-
lution to bring the link into position for welding, and at the same
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time is advanced to the welding jaws G and H, where the link
is electrically welded. Before the plunger moves forward to the
welding jaws, the arbor C must drop to its lowest position, in
order to free the ink.

In the manufacture of electrically welded chain, the speed
of production is limited by the time required for welding the
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Fig. 15. Condition of Work after Each Step in Cycle of Operations

links, as the various forming operations require very little
time. After each link is welded, it is drawn back to the trim-
ming jaws J and K. In making the weld, there is generally
a surplus amount of metal left at the joint, and while the link
is still hot it is drawn back to the trimming jaws which consist
of a pair of dies shaped to press the joint into the required form.
While this final operation is being performed, the blank for the

/\
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next link is fed into the machine and the forming plunger B is
moving back. During this backward motion, the plunger turns
through one-quarter of a revolution in order to return to its
original position. It will be remembered that the plunger B
made a quarter turn during the operation of producing the link,
which was for the purpose of having the finished link still held
by the trimming jaws J and K in position to have the next link
passed through it. In order to avoid twisting the chain into
kinks, the plunger B is arranged to turn alternately through a

Fig. 16. Form of Wire-straightener used on Machine shown
in Fig. 17

quarter of a revolution in the right- and left-hand directions.
The operations of the various members of the machine are con-
trolled by cams carried on a camshaft beneath the bed, this
shaft being shown in Figs. 10 and 11. The camshaft runs at
one-half the speed of the main driving shaft, the drive being
through a train of spur gears and a worm and worm-wheel.
The preceding description of the method of producing chain
on this type of machine may be briefly summarized as follows:
1. The wire is fed through to the stop. 2. The blank is cut
off and has its ends bent by the side forming jaws E and F.
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3.Theformingofthelink'5completedbytheforwardmove-
nuntoftheplnngerB,whichdcsesinthcendsoft.heblank

Fig. 17. Machine for Manufacture of Electrically Welded
Twisted-link Chain

Fig. 18. Arrangement of Camshaft of Machine shown in Fig. 17

through the preceding link. 4. The plunger B turns the link
through one-fourth of a revolution and carries it forward to the
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welding jaws. 5. The link is returned to the trimming jaws
which grip it and squeeze the excess metal from the weld. The
condition of the work after each successive operation is shown
in Fig. 15. This sequence of operations is repeated indefinitely
until the required length of chain has been produced.
Manufacture of Twisted-link Chain. — Electric welding ma-
chines for the manufacture of twisted-link chain- are shown in
Figs. 16, 17, and 18. As in the case of the machine used for the
manufacture of plain-link chain, the wire is taken from a coil

Fig. 19. Starting Point in making & Twisted Link

carried by a suitable reel and enters the machine through a
straightener which removes all kinks in the wire. The design
of the straightener on this machine is somewhat unusual, in
that it slides backward over the wire while the wire is held by a
clamp on the machine. In most wire straighteners, the wire is
pulled through the straightener. The clearest view of the wire
straightener is shown in Figs. 16 and 17.

In describing the operation of this machine, reference is made
to Figs. 19 to 23, inclusive. The wire is first fed forward and
cut off preparatory to having the ends of the blank bent by the
auxiliary forming slides 4 and B which act in conjunction with
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the two pins C and D on the extreme ends of the arbor support,
Fig. 19. After this has been done, the arbor E moves to its

Fig. 20. Completing Bending of Link

Fig. 21. Welding Joint of Link

second position in front of the forming plunger F, which then
moves forward to complete forming the link as shown at G in
Fig. zo. In the course of this forming operation, the scarfed
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ends of the wire are lapped over each other, the ends of the link
being closed in through the link which was produced during the
preceding cycle of operations. The link is now ready to be
welded, and, in order to convey it to the welding dies, the arbor
E drops down to allow the plunger F to carry the link forward
to the welding dies H. In order to provide the necessary clear-
ance, the trimming dies I have also opened. As the plunger F
moves forward, it turns through a quarter of a revolution to
bring the link into the welding position; and after the link has

Fig. 22. Trimming and twisting Link

been welded, the plunger F moves back conveying the link to
the trimming dies I where the weld is shaped to the required
form. These trimming dies grip the link as shown in Fig. 22,
and the plunger F still retains its grip on the end of the link
while it rotates through one-fourth of a revolution, thus pro-
ducing the required twist in the link, which is the final operation
of the cycle. The plunger F now releases its hold and moves
back, as shown in Fig. 23, until it reaches its position ready for the
beginning of the succeeding cycle of operations, this position of
plunger F being shown in Fig. 19. The finished link is still held
in the trimming dies ready to have the next link passed through

$D
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it. The operation of the forming plunger on this machine is
controlled by a cam on the main driving shaft, and the rotation
of the plunger is effected by a segment gear which meshes with
teeth cut in the plunger; these teeth may be seen in Fig. 21.
The preceding description of the cycle of operations involved
in the manufacture of twisted chain on the machine shown in
Figs. 16, 17, and 18 may be briefly summarized as follows:
1. Feed the wire through to the stop. 2. Cut off the blank.
3. Bend the ends of the blank. 4. Complete forming the link

Fig. 23. Return of Bending Plunger

around the arbor, interlocking the link with the adjacent fin-
ished link in so doing. 5. Weld the joint. 6. Trim the joint.
7. Twist the link and return the mechanism into position for
starting the next cycle of operations. The condition of the work
after each successive operation of this cycle is shown in Fig. 24.
The two types of chain which have been described constitute
the bulk of the chain produced on automatic machines equipped
with electric welding apparatus. These are the two types of
chain which are used for a great majority of the purposes for
which chain is employed. The links are of uniform shape, size,
and strength.
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Machine for Welding Rings. — A large number of rings are
used in connection with chains, and Fig. 25 shows a machine
employed for forming and welding rings for this purpose. As
regards the principle on which it operates, this machine is es-
sentially the same as the chain-making machine employed in the
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Fig. 24. Condition of Work after Each Step in Cycle of Operations

manufacture of plain chain, except that different tools are em-
ployed. The operations employed in the manufacture of rings
on this machine are as follows: The wire is fed forward to a stop;
the blank is cut off; and the ends of this blank are bent by
auxiliary bending slides. Then the arbor drops down to a lower
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position, allowing the plunger to come forward and complete
the bending operation, which brings the scarfed ends of the
blank together. The arbor now drops down out of the way and
the plunger advances to the welding jaws, at the same time
making a quarter turn to bring the ring into the proper position
for welding. After the welding operations have been completed,
the plunger moves back to the trimming jaws which form the
welded joint. While the ring is held in the trimming jaws, the

Fig. 3s. Machine for Use in Manufacture of Electrically
Welded Rings

plunger moves back to its starting position, and, while so doing,
it must turn back through a quarter of a revolution. At the
same time, the arbor moves to its highest position ready to have
the next ring formed around it. This machine will make ap-
proximately twelve rings per minute when working on $-inch
wire. The perfection of the welds produced is a most important
matter in the manufacture of chain. In ordinary welding opera-
tions, the metal is sometimes heated beyond the proper welding
temperature in order to provide for the loss of heat which takes
place during the time which must elapse between transferring
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the work from the forge to the anvil. This affords an oppor-
tunity for an oxide scale to form on the metal, which may result
in a poor weld; but, in electric welding, the heating and welding
of the work take place simultaneously, so that the chance of
oxidation is practically eliminated, with the result that the
likelihood of producing defective welds is greatly reduced.

Welding High-speed Steel to Tool Steel Shanks. — Owing to
the high price of high-speed steel, many manufacturers have
adopted the method of either using high-speed steel bits in tool-
holders or welding them to tool steel shanks. Manufacturers
of electric welding machines have been called upon to supply
machines for this purpose, and have also been doing this work
in their own shops to some extent. The work handed to them
in many cases shows a lack of knowledge of the requirements
which must be met if a satisfactory weld is to be made. It is
essential, in resistance welding, to have the work clean and free
from scale; and in making a butt-weld, the cross-sectional area
of the two pieces must be nearly equal. An example which.il-
lustrates this point is shown at 4 in Fig. 26. One manufacturer
sent a large batch of machine steel shanks to have high-speed
steel tips welded to them, and thinking that it was necessary to
have the tool rough-formed to shape, he beveled it on the front
end as shown, and provided a seat for the block. To weld a tool
of this shape is practically impossible, because the smallest
section is that lying next to the electrode a. It is almost im-
possible to obtain a welding heat between the two pieces, as
the greatest point of resistance is between the electrode ¢ and
the smallest section of the piece. The correct way to prepare
the blank is shown at B, where it will be seen that the cross-
sectional area of the block and shank are equal.

Another condition which makes welding difficult is shown
at C. Here the manufacturer intended to increase the strength
of the weld by leaving a rib b to back up the tool and resist the
cutting action. With a holder or shank formed in this manner,
it is a difficult matter to get the block and holder to weld at the
points ¢ as indicated. It also takes longer to make the weld,
because of the danger of burning the parts, due to unequal

.
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heating, caused by the difference in the cross-sectional area of
the two pieces.

The easiest and quickest way to make a satisfactory spot-weld
is shown at D. Here the lower surface of the high-speed steel
block is provided with a series of points or projections. These .

HIGH- SPEED STEEL KOCK

i Lo ; Y

Mackinery

Fig. 26. Correct and Incorrect Methods of welding High-speed
Steel Blocks to Tool-steel Shanks

points localize the current and permit an equal temperature
to be obtained. The current and time consumed in making the
weld is also much less than when the block and holder are pro-
vided with plain surfaces.

Another point that has troubled many manufacturers con-
templating the use of electric welding machines for this work
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is the type of welding machine that is the most suitable —a
butt-welding or a spot-welding machine. As far as the welding
of high-speed steel bits is concerned, either a spot- or butt-
welder can be used. The butt-welder, however, has the advan-
tage over the spot-welder that it is constructed so that a greater
pressure between the electrodes can be obtained. Furthermore,
it is more accessible. The machine to purchase for the work,
however, depends, to a great extent, upon the product of the
manufacturer. For instance, a manufacturer whose product
consists chiefly of light work and sheet metal parts should pur-
chase a spot-welder, whereas the manufacturer of fairly heavy
machinery should<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>