


ELECTRIC WELDING



ELECTRIC WELDING

BY
ETHAN VIALL

Eprror AMERICAN MACHINIST

Member American Soctety of Mechanical Engineers, Soctety of Automotive Engineers,
American Institute of Electrical Engineers, Franklin Institute, American Welding
Soctety. Author of Manufacture of Artillery Ammunition, United States
Artillery Ammunition, Uniled States Rifles and Machine Guns,
Broaches and Broaching, Gas-Torch and Thermit Welding.

First EpITion
THIRD IMPRESSION

McGRAW-HILL BOOK COMPANY, Inc.

NEW YORK: 370 SEVENTH AVENUE
LONDON: 6 & 8 BOUVERIE ST,, E. C. 4

1921



L7 N
Vil

CorYrIGHT, 1921, BY THE
McGRAW-HILL BOOK COMPANY, Inc.

PRINTED IN THE UNITED STATES OF AMERICA



0CT 24 '68

PREFACE

Few fields afford a grecater opportunity for study to the
mechanie, the student, or the engineer, than that of electric
welding. Are welding, with its practical, every-day, shop appli-
cations for repair and manufacture, is in some respects crowding
closely into the field in which the gas-torch has seemed supreme.
‘With the development of mechanical devices for the control of
the are, the range of application to production work has greatly
increased.

Resistance welding presents in its various branches some of
the most interesting scientific and mechanical problems to be
found anywhere. Spot-welding—Dbutt-welding—Iline-welding—
all oceupy a particular place in our manufacturing plants today,
and new uses are being constantly found.

In the gathering and arranging of the material used in this
book, particular care has been taken to classify and place various
subjects together as far as possible. This is not only convenient
for reference purposes, but enables the reader to easily compare
different makes and types of apparatus. In most cases, the
name of the maker of each piece of apparatus is mentioned
in the deseription in order to save the time of those seeking
information.

No time or pains have been spared in the endeavor to make
this the most comprehensive book on electric welding equipment
and practice, ever published. Every possible source of informa-
tion known to the long-experienced editor has been drawn upon
and properly credited.

It is hoped that this book will prove a permanent record of
electric welding as it is today, and also be an inspiration and
source of information for those cngaged in practice, rescarch
or development.

ETHAN ViALL.
New York City,
November, 1920,
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ELECTRIC WELDING

CHAPTER 1
ELECTRIC WELDING—HISTORICAL

All electric welding may be divided into two general classes
—are welding and resistance welding. In each class there are
a number of ways of obtaining the desired results. Are welding
is the older process, and appears to have been first used by de
Meritens in 1881 for uniting parts of storage batteries. He
connected the work to the positive pole of a current supply
capable of maintaining an arc. The other pole was connected
to a carbon rod. An arec was struck by touching the carbon
rod to the work and withdrawing it slightly. The heat generated
fused the mectal parts together, the arc being applied in a way
similar to that of the flame of the modern gas torch.

Of the several methods of are welding, there are the Zerner,
the Bernardos, the Slavianoff and the Strohmenger-Slaughter
processes, as well as some modifications of them. The different
methods are named after the men generally eredited with being
responsible for their development. The LaGrange-Hoho process
is not a welding process at all, as it is merely a method of heating
metal which is then welded by hammering, as in blacksmith
work. It is sometimes called the ‘‘water-pail forge.”’

The Zerner process employs two carbon rods fastened in a
holder so that their ends converge like a V, as shown in Fig. 1.
An arc is drawn between the converging ends and this are is
caused to impinge on the work by mcans of a powerful clectro-
magnet. The flame acts in such a manner that this process is
commonly known as the electric blowpipe method. The Zerner
process is so complicated and requires so much skill that it is
practically useless. A modification of the Zerner process, known
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as the ‘‘voltex process,”” uses carbon rods containing a small
percentage of metallic oxide which is converted into metallic
vapor. This vapor increases the size of the arc and to some
extent prevents the excessive carbonizing of the work. This
process, however, is about as impractical for general use as the
other.

The Bernardos process cmploys a single carbon or graphite

Fi@. 1.—The Zerner Electric ¢‘ Blow-Pipe.”’

rod and the are is drawn between this rod and the work. A
sketeh of the original apparatus is shown in Fig. 2. This
is commonly called the carbon-electrode process. In using this
method it is considered advisable to zonnect the carbon to the
negative side and the work to the positive. This prevents the
carbon of the rod from being carried into the metal and a softer
weld is produced.

In the Slavianoff process a metal electrode is used instead
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of a carbon. This process is known as the metallie-eleetrode
process.

The Strohmenger-Slaughter, or covered eleetrode, process
is similar to the Slavianoff exceept that a ecoated metallie elee-
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I'g. 3~—Are Welding Circuits as Itirst Used,

trode is used. TIn this process either direet or alternating eur-
rent may be used.

Some of the carly methods of conneceting up for are welding
are shown in Fig. 3.

The LaGrange-Ioho heating process makes use of a wooden
tank filled with some eleetrolyte, such as a solution of sodium
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or potassium carbonate. A plate connected to the positive wire
is immersed in the liqguid and the work to be heated is connected
to the negative wire. The work is then immersed in the liquid.
‘When the piece has reached a welding temperature it is removed
and the weld performed by means of a hammer and anvil
Resistance Welding.—The idea of joining metals by means
of an electric ecurrent, known as the resistance or incandescent
process, was conceived by Elihu Thomson some time in 1877.

F16. 4—TFirst Practical Electric Butt Welding Device, Patented
by Elihu Thomson, Aug. 10, 1886.

Little was done with the idea from a practical standpoint for
several years. Between 1883 and 1885 he developed and built
an experimental machine. A larger machine was built in 1886.
He obtained his first patent on a device for electric welding
Aug. 10, 1886. The general outline of this first device is shown
in Fig. 4. The first experiments were mostly confined to what
is now known as butt welding, and it was soon found that the
jaws used to hold the parts heated excessively. To remedy this
water-cocled clamping jaws were developed.
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6. 5.—-Plates *Spot Welded '’ hy Carbon Ave.

W

F1a. 7—~The Kleinschmidt Apparatvs, Using Copper Electrodes.
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Closely following the butt welding came other applications
of the resistance process, such as spot, point or projection, ridge
and seam welding. Percussive welding, which is a form of
resistance welding, was developed about 1905. Since spot weld-
ing is such an important factor in the manufacturing field today

e ——

F16. 8.—Bouchayer’s Spot Welding Machine, Using Duplex Copper
Electrodes.

the evolution of this process, as indicated by the more prominent
patents, will be of considerable interest: Fig 5 shows plates spot
welded together by means of the carbon arc. This was patented
by DeBenardo, May 17, 1887, Pat. No. 363,320. The claims
cover a weld made at points only. The darkened places indicate
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where the welds were made. Fig. 6 shows the apparatus made
by DeBenardo for making ‘‘spot welds,”’ as they arc known
today. He patented this in Germany, Jan. 21, 1888. Carbon
clectrodes were used. This patent was probably the first to
cover the process of welding under pressure and also for passing
the current through the sheets being welded. The German patent
number was 46,776—49. :

The apparatus shown in Fig. 7 is known as the Kleinschmidt
patent, No. 616,463, issued Dee. 20, 1898. The patent claims
cover the first use of pointed copper electrodes and raised sec-
tions, or projections, on the work in order to localize the flow
of the current at the point where the weld was to be effected.

2

Fie. 9—Principle of the Harmatta DProcess, Using Copper Eleetrodes.

Considerable pressure was also applied to the electrodes and
work by mechanical means.

Fig. 8 shows diagrammatically Bouchayer’s spot welding
machine, patented in France, March 13, 1903, No. 330,200. He
used two transformers, one on cach side of the work. Duplex
copper electrodes were used, and if the transformers were con-
nected parallel one spot weld would be made at each operation.
If the transformers were connected in series two spot welds
would be made.

Fig. 9 illustrates the prineiple of the Harmatta patent, No.
1,046,066, issued Dec. 3, 1912. This is practically the same as
the DeBenardo patent, No. 46,776—49, except that copper clec-
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trodes are used. However, it is under the Harmatta patent that
a majority of the spot welding machines in use today are made.

Fig. 10 illustrates the principle on which the Taylor patent
is founded. This patent was issued Oct. 16, 1917, No. 1,243,004.
It covers the use of two currents which are caused to cross the
path of each other in a diagonal direction, concentrating the
heating effects at the place of intersection.

F16. 10.—The Taylor Cross-Current Spot Welding Method.

From the foregoing it will be scen that spot welds, as this
term is now understood, can be produced in a number of ways,
none of which methods are identical. As a matter of fact, spot
welds can be produced by means of the gas torch or by the
blacksmith forge and anvil, although these methods would not
be economical.



CHAPTER 1I
ARC WELDING EQUIPMENT

Electric Are Welding is the transformation of clectrical
energy into heat through the medium of an are for the purpose
of melting and fusing together two metals, allowing them to
melt, unite, and then cool. The fusion is accomplished entirely
without pressure.  The heat is produced by the passage of an
eleetrie current from one conduetor to another through air which
is a poor conductor of clectricity, and offers a high resistance
to its passage. The heat of the are is the hottest flame that is
obtainable, having a temperature estimated to be between
3,600 and 4,000 deg. C. (6,332 to 7,232 deg. F.).

The metal to be welded is made one terminal of the cireuit,
the other terminal being the electrode. By bringing the clee-
trode into contact with the metal and instantly withdrawing it
a short distance, an are is established between the two. Through
the medium of the heat thus produced, mctal may be entirely
melted away or cut, added to or built up, or fused to another
picee of metal as desivred. A particularly advantageous feature
of the electric are weld is afforded through the concentration
of this intense heat in a small area, enabling it to be applied
Just where it is needed.

Direet-current is now more gencrally used for are welding
than alternating-current.

‘When using direct-current, the metal to be welded is made
the positive terminal of the eireuit, and the eleetrode is made the
negative terminal.

Regarding alternating-current it is obvious that an equal
amount of heat will he developed at the work and at the elee-
trode, while with direet-current welding we have considerably
more heat developed at the positive terminal.  Also in are weld-
ing the negative elecetrode determines the character of the are,
which permits of making additions to the weld in a way that is

9
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not possible with alternating-current. Inasmuch as the work
always has considerably greater heat-absorbing capacity than the
electrode, it would seem only reasonable that the direct-current
arc is inherently better suited for this work.

Two systems of electric are welding, based on the type of
clectrode employed, are in general use, known as the carbon (or
graphite) and the metallic electrode processes. The latter

Cireuit
Breaker

Series Field
Rheostat

Commutating Ammeter
Fleld

Generator
Armature

Service
Switch

Grid
Resistors

- S§ Llectrode

Courtesy of the Westinghouse Co.

F16. 11.—Simple Schematic Welding Cireuit.

process is also sub-divided into those using the bare and the
covered metallic electrodes.

A simple schematic layout for an are-welding outfit is shown
in Fig. 11.
" The Carbon Electrode Process.—In this process, the nega-
tive terminal or electrode is a carbon pencil from 6 to 12 in.
in length and from % to 13 in. in diameter. This was the original
process devised by Bernardos and has been in more or less general
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use for more than thirty years. The metal is made the positive
terminal as in the metallic electrode process in order that the
greater heat developed in this terminal may be applied just
where it is needed. Also, if the carbon were positive, the tendency
would be for the carbon particles to flow into the weld and
thereby make it hard and more difficult to machine.

The current used in this process is usually between 300 and
450 amp. For some special applications as high as from 600
to 800 may be required, especially if considerable speed is desired.
The are supplies the heat and the filler metal ‘must be fed into
the weld by hand from a metallic bar.

The class of work to which the carbon process may be applied
includes cutting or melting of metals, repairing broken parts
and building up materials, but it is not especially adapted to
work where strength is of prime importance unless the operator
is trained in the use of the carbon electrode. It is not practical
to weld with it overhead or on a vertical surface but there are
many classes of work which can be profitably done by this process.
It can be used very advantageously for improving the finished
surface of welds made by metal electrodes. The carbon electrode
process is very often useful for cutting cast iron and non-ferrous
metals, and for filling up blowholes.

The Metallic Electrode Process.—In the metallic electrode
process, a metal rod or pencil is made the negative terminal,
and the metal to be welded becomes the positive terminal.

‘When the arc is drawn, the metal rod melts at the end and
is automatically deposited in a molten state in the hottest portion
of the weld surface. Since the filler is carried directly to the
weld, this process is particularly well adapted to work on vertical
surfaces and to overhead work.

If the proper length of arc is uniformly maintained on clean
work, the voltage across the arc will never greatly exceed 22
volts for bare electrodes and 35 volts for coated electrodes. The
are length will vary to a certain degree however, owing to the
physical impossibility of an operator being able to hold the elec-
trode at an absolutely uniform distance from the metal through-
out the time required to make the weld.

It is very essential that the surfaces be absolutely clean and
free from oxides and dirt, as any foreign matter present will
materially affect the success of the weld.
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‘When using a metallic electrode, the are which is formed
by withdrawing it from the work, consists of a highly luminous
central core of iron vapor surrounded by a flame composed
largely of oxide vapors. At the temperature prevailing in the
arc stream and at the electrode terminals, chemical combinations
occur instantaneously between the vaporized metals and the
atmospheric gases. These reactions continue until a flame of
incandescent gaseous compounds is formed which completely
envelopes the arc core. However, drafts created by the high
temperature of the vapors and by local air currents tend to
remove this protecting screen as fast as it is formed, making it
necessary for the welder to manipulate the electrode so that the
maximum protective flame for both arc stream and electrode
deposit is continuously secured. This can be obtained auto-
matically by the maintenance of a short arc and the proper
inclination of the electrode towards the work in order to com-
pensate for draft currents.

Selection of Electrodes.—The use of a metallic electrode
for arc welding has proved more satisfactory than the use of
a carbon or graphite electrode which necessitates feeding the
new metal or filler into the arc by means of a rod or wire. The
chief reason for this is that, when the metallic electrode process
is used, the end of the electrode is melted and the molten metal
is carried through the arc to be deposited on the material being
welded at the point where the material is in a molten state
produced by the heat of the are. Thus a perfect union or fusion
is produced with the newly deposited metal.

Wire for metallic arc welding must be of uniform, homogene-
ous structure, free from segregation, oxides, pipes, seams, ete.
The commercial weldability of electrodes should be determined
by means of tests performed by an experienced operator, who
can ascertain whether the wire flows smoothly and evenly through
the are without any detrimental phenomena. '

The following table indicates the maximum range of the
chemical composition of bare electrodes for welding mild steel:

Carbon trace up £0...evevrn i ne e, 0.25%
Manganese trace up to........ciiiiiiii i, 0.999%
Phosphorous not to exeeed.................cocoiaaa.... 0.05%
Sulphur not to execeed............... ..., 0.05%

Silicon not to exeeed. ..., 0.08%
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The composition of the mild steel electrodes, commonly used,
is around 0.18 per cent carbon, and manganese not excceding
0.05 per cent, with only a trace of phosphorus, sulphur and
silieon.

The size, in diameter, ordinarily required will be /4 in., */4. -
in,, and 3/, in. and only occasionally the 3/,, in.

These clectrodes are furnished by a number of firms, among
whom are John A. Rocbling’s Sons Co., Trenton, N. J.; American
Rolling Mills Co., Middletown, Ohio; American Steel and Wire
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I"ig. 12.—Relation of Approximate Are Currents and Electrode Diameters.

Co., Dittsburgh; Ferride Eleetric Welding Wire Co., New
York City; Page Woven Wire Co., Monessen, Pa.; John Potts
(Yo., Philadelphia. '

A coated clectrode is one which has had a coating of some
kind applied to its surface for the purpose of totally or partially
excluding the atmosphere from the metal while in a molten state
when passing through the are and after it has been deposited.

The proper size of clectrode may be determined from Fig.
12 from which it will be seen that the class of work and current
used are both factors determining the size of the clectrode for
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welding steel plates of various thicknesses. To find the diameter
of the metallic clectrode required, select, for example, a threc-
cighths plate, and follow horizontally to the ““Thickness of the
Plate Curve.”” The vertical line through this intersection repre-
sents about 110 amp. as the most suitable current to be used
with this size of plate. Then follow this vertical line to its
interseetion with the ‘“Diameter of Electrode” curve which
locates a horizontal line representing approximately an electrode
5/., in. in diameter. In a similar manner, a */.-in. plate requires
about 125 amp. and a °/,.-in. electrode.

The amount of current to be uscd is dependent on the thick-
ness of the plate to be welded when this value is # in. or less.
Average values for welding mild steel plates with direct current
are indicated by the curve referred to above in connection with
the selection of the electrode of proper size. These data are also
shown in Table I.

TaABLE I—APPROXIMATE CURRENT VALUES FOR DPLATES OF DIFFERENT

THICKNESS
Plate Thickness Current Electrode Diameter
in Inches in Ampercs in Inches
1/16 : 20 to 50 1/16
1/8 50 to 85 3/32
3/16 75 to 110 1/8
1/4 90 to 125 1/8
3/8 110 to 150 5/32
172 125 to 170 5/32
5/8 140 to 185 5/32
3/4 150 to 200 3/16
7/8 165 to 215 3/16
1 175 to 225 3,16

It should be borne in mind, however, that these values are
only approximate as the amount of current to be used is
dependent on the temperature of the plate and also upon the
type of joint. For example, when making a lap weld between
two $-in. steel plates at ordinary air temperature of about
65 deg. F. it has been found that the extra good results were
obtained by using a current of about 225 amp. and a 3/,,in.
diameter electrode. . The explanation for the high current per-
missible is the tremendous heat storage and dissipation capacity
of the lapped plates which makes the combination practically
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Fia. 14.——Memllic-ArdWelding, Using a Hand Shield.
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equivalent to that of a butt weld of two 1-in. plates. For that
reason the above values will be very greatly increased in the
casc of lap welds which require practically twice the amount
of current taken by the butt welds.

‘When the proper current value is used there will be a crater,

Fi16. 15.—Simple Form of Electrode Holder.

or depression, formed when the are is interrupted. This shows
that the newly deposited metal is penetrating or ‘‘biting into’’
the work.

The difference between the carbon and the metallic electrode
processes can be seen in Figs. 13 and 14. In Fig. 13 the welder

Fi1e. 16.—Special Make of Electrode Holder.

is using a carbon electrode and feeding metal into the weld from
a metal rod held in his left hand. In Fig. 14 the metal rod
is held in a special holder and not only carries the current but
metal from it is deposited on the work.

Electrode holder(s should be simple, mechanically strong, and
so designed as to hold the electrode firmly. It should be prac-
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tically impossible to burn or damage the holder by accidental
contact so that it will not work. Small, flimsy or light projecting
parts are almost sure to be broken off or bent. Fig. 15 shows
one of these holders that answers the requirements. However,
any of the companics selling arc welding apparatus will be able
to supply dependable holders.

A holder made by the Arec Welding Machine Co., New York,
is shown in Fig. 16 and in detail in Fig. 17. The metal rod
is clamped in by means of an eccentric segment operated by
a thumb lever. If the rod should freeze to the work it will not
pull out of the holder, but will be gripped all the tighter. The

Fi16. 17.—Details of Special Electrode Holder.

welding current enters at the rear end of the composition shank,
passes along the shank to the head of the tool, and from there
directly into the clectrode. It will be noted that there are no
joints in this tool cxcept where the cable is soldered into the
shank. There is a relatively large contact surface between the
electrode and the holding hecad, which precludes any possible
heating at this point. The trigger is intended for remote control
employed with the closed circuit system. Whenever this holder
is used on other systems, the trigger is omitted.

Cable.—For arc welding service the cables leading to the
electrode holder should be very flexible in order to allow the
operator full control of the are.

The following sizes of cable have been found by the General
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Eleetric Co. suitable for this serviee, due account being taken
of the intermittent character of the work.

It is extra flexible stranded dynamo cable, insulated for 75-v.
circuit, with varnished cambric insulation, covered with weather-
proof braid.

Amperes Size of Cable Cireular Mills
Up to 200 225 /24 90,000
Over 200 875 /24 150,000
Up to 500 )

Over 500 260.000
TUp to 1,000 650 /24 ,00

It will be noted in Figs. 13 and 14, that two different ways
of protecting the eyes are shown. One man has a helmet and

Fie. 18.—King Face Masks With and Without Side Sereens.

the other uses a shield held in the hand. Conditions under which
the welders work, and their personal prefercnces, largely dictate
which type is to be used. However, no welder should ever at-
tempt are welding without a protecting sereen fitted with the
right kind of glass. Cheap glass is dear at any price, for the
light rays thrown off from the arc are very dangcrous to the
cyesight. The guard should be so made as to not only protect
the eyes from dangerous light rays, but should also protect the
face and neck from flying sparks of metal.

A very good face mask made by Julius King Optical Co.,
New York, is shown in Fig. 18. These masks are made of fiber
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and provision is made for a free circulation of air between the
front and the face, not only keeping the operator cool, but
preventing the tendency of the lenses to fog. The masks are
supported by bands over the head and it is said that weight

F1e. 20.—Method of Using Screens to Protect Others.

is not apparent and that they are as comfortable to wear as a
cap. Two styles are made—with and without side sereens. The
one without sereens may be had with combination lenses tinted
for acetylene or electric welding or with any other tint for
specific work. The one with side screens, providing side vision,
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is fitted either with ecombination lenses or with ciear Saniglass
lenses. A hand shield is shown in Fig. 19.

In are welding in the open, other workmen or onlookers are
liable to injury as well as the welders, so screens should be placed
around the work to conceal the light rays from the view of
others besides the welder. Suceh an arrangement is shown in
Fig. 20.

Where repetition work is to be done, it is well to provide
individual stalls or booths, somewhat similar to the one shown
in Fig. 21. These were designed for use in the welding schools
under the supervision of the Lincoln Electric Co. For actual
shop work, curtains or screens should be provided back of the
welders.

It must be remembered also, that owing to the presence of
ultra-violet rays, severe flesh burns may result with some people
if proper gloves and clothing are not worn—ecspecially when
* using the carbon are.

Selecting a Welding Outfit.—Welding outfits may be of the
stationary or the portable type. These may also be divided into
motor-generator sets and the ‘‘transformer’ types. Both d.e.
and a.c. current may be used primarily, depending on the ap-
paratus employed and the source of current available.

Regarding the selection of any particular outfit J. M. Ham,
writing in the General Electric Review for December, 1918, says:

Few things electrical have in so short a period of time
created such wide-spread interest as that of are welding. Iin-
gincers having to do with steel products, in whatever form
produced or in whatever way employed, have investigated its
uses not only as a building agent when applied to new material
but as a reclaiming agent for worn or broken parts. In both
cases its possibilities as a means of greatly increasing output
and in saving otherwise useless parts at a small fraction of their
original or replacement value has proved astounding.

Out of these investigations have grown several systems of
arc welding. :

To exploit these is the duty of the sales department and the
measure of its success depends upon the quality of service
rendered.

The difficulties of giving service are perhaps not fully ap-
preciated. Where so many systems have been called for and
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where so many individual idcas have to be met, the problems
of the manufacturer become multiplied.

During a period of freight congestion when locomotives were
in unprecendented demand, an engine was run into the repair
shop with slid flat spots on each of the eight driving wheels,
and orders were issued to return it ready for service in record
time. In three hours repairs had been completed by means of
the electric are (to have put on new tires would have required
three to four days) and the locomotive was out on the road.
Many other achievements as remarkable as these have been
obtained.

© It would seem that having demonstrated the success of are
welding for a given line of work, others similarly engaged
would be keen to take advantage of it; but that is true only
in part, possibly because this is a ‘‘show me’’ age.

‘When it becomes apparent to the investigator of are welding
possibilities that the process fulfills his requirements, the ques-
tion of what system to employ confronts him; salesmen are on
the job to tell him about their particular specialties. He is
informed that the real secret of welding is having the proper
electrode (the salesman’s special kind); it must be covered or
bare, as the case may be, and contain certain unnamed in-
gredients. The merits of the direct-current system are extolled.
Alternating-current outfits are advocated by others, it being
claimed that they bite deeper and weld if the are is held. The
prospective buyer retires with a headache to think it over.

There is no mystery about are welding. It is being done
with all sorts of outfits and many varieties of electrodes. It
can even be done from power lines with resistance in series with
the arc. But these systems differ widely in essentials, just as
in the case of automobiles. We ean buy a cheap car or an
-expensive car, and in either event we get just about what we
pay for.

The arc-welding set must pay its way. It must earn dividends
and conserve materials, and when properly sclected and applied
does both of these things to a degree quite gratifying. To the
diseriminating purchaser it is not sufficient merely to know that
an outfit will make a weld, he wants to know if it is the best
weld that can be made, if it can be made in the shortest possible
time; and whether the ratio between cost of the entire system
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to the savings affected is the lowest obtainable. He doubtless
will, if the work is of sufficient magnitude to warrant, establish
a welding department with a trained arc welding man in charge,
and see that this department stands on its own feet. By so doing
he places responsibility on a man who knows what to do and -
how to do it—a friend rather than a foe of the system. He
will, other things being anything like equal, respect the opinion
of the operator in the selection of the system to be employed,
because it is better to provide a man with tools he is familiar
with and prefers to use, rather than to force him to use some-
thing with which he is unfamiliar or which he regards with
disfavor.

Obviously, the purchaser wishes to know that the companies
he is dealing with are reliable and responsible, that the cxperience
back of the salesmen is sufficient to warrant faith in his product.
It is important to know the amount of power required per
operator and whether drawing the needed amount from his own
lines or from those of the power company will interfere with
the system, and if so to what extent, and what, if any, additional
apparatus will bhe needed to correct the trouble. Having
determined these things to his satisfaction, he can install his
are-welding system with a considerable degree of assurance that
there will be a decided saving in time, men, and money, and a
genuine conservation of materials.

EYE PROTECTION IN IRON WELDING OPERATIONS

In the Gencral Eleclric Review for Dec., 1918, W. S, Andrews
says in part:

Radiation from an intensely heated solid or vapor may be divided uunder
the threc headings:

(1) Invisible infra-red rays
(2) Visible light rays
(3) Invisible ultra-violet rays.

There is no clear line of demarcation between these divisions, as they
melt gradually ome into the other like the colors of the visible spectrum.
When the heated matter is solid, such as the fillament of an incandescent
lamp, the visible spectrum is usually continuous, that is, without lines or
bands; but when it is in the form of a gas or vapor, as in the iron are
used for welding operations, the spectrum is divided up into bands or is
crossed by lines which are characteristic of the element heated.
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The radiations under the foregoing three headings, although of common
origin, produce very diverse effects upon our semses. Thus, the infra-red
rays produce the sensation of heat when they fall on our unprotected skin,
but they are invisible to our eyes. The visible light rays enable us to
see; but we have no sense that perceives the ultra-violet rays, so that we
know of them only by their effects.

The intense glare cmitted in the process of arc welding consists of
a combination of all these rays, and special safety devices are required to
protect the operator from their harmful effects.

Tor welding with acetylene and for light electric welding, it may be
necessary only to protect the eyes with goggles fitted with suitable colored
glasses.

A hand shield made of light wood, and which has a safety colored
glass window in the center is also sometimes used. This device is used
for medium weight electric welding done with one hand. The shield serves
the double purpose of protecting the eyes of the operator and also shielding
his face from the heat rays and the ultra-violet radiation, which might
otherwise cause a severe sunburn effect.

For heavy electric welding, which requires the use of both hands,
it is common practice for the operator to protect his eyes and neck with
a helmet fitted with a round or rectangular window of safety glass. These
helmets are usually made of some strong light material such as vuleanized
fiber and are designed so that they canm be slipped on and off easily,
the weight resting on the shoulders of the operator.

There are a great many different kinds of special safety glasses on
the market, and many combinations of ordinary colored glass are also
in common use, so a brief discussion of this very important subject is
in order.

It is well known that the normal human eye shows considerable chromatic
aberration towards the red and blue-violet ends of the spectrum and that
this defect is completely corrected in regard to the middle colors. I,
therefore, naturally follows that a much clearer definition of an object
is obtained by combinations of yellow-green light than by red alone, or
especially by blue or violet light alone. The eye is also more sensitive
to the yellow and green rays than it is to the red and blue rays; or in
other words, yellow-green light has the highest luminous efficiency. This
may easily be verified by looking at a sunlit landscape or fleecy clouds
in a blue sky through plates of different colored glass. A glass of a light
amber color or amber slightly tinted with green will clearly bring out
details that are hardly observable without the glass, and which will be
obscured entirely by a blue or violet glass. It is therefore obvious that in
order to obtain the clearest definition or wvisibility with the least amount
of glare, the selection of the color tint in safety glasses should properly
be decided by an expert; but the depth of tint or, in other words, the
amount of obscuration may be determined best by the operator himself,
owing to the individual difference in visual acuity which will permit one
man to see clearly through a glass that would be too dark for another man.

When the invisible infra-red rays encounter any material which they
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cannot penetrate, or which is opaque to them, they are absorbed and are
changed into heat. Henmce, they are frequently termed heat rays. It is,
therefore, very necessary to guard the eyes from these rays; and although
they are absorbed to a certain extent by ordinary colored glass, this is
not sufficient protection against any intensec source. There are, however,
several kinds of glass, which, although fairly transparent to visible light,
are wonderfully efficient in absorbing heat. The effects of even low-power
heat rays, when gencrated in close proximity to the eyes for considerable
time, are often serious, as is evidenced by the fact that glass blowers,
who use their unproteected eyes near to hot gas flames of weak luminous
intensity, arc frequently afflicted with cataract which might be' positively
avoided by wearing properly fitted spectacles.

In selecting colored glasses, great care should be taken to diseard all
samples that show streaks or spots, as these defects are liable to produce
eye-strain. The glass should be uniform in color and thickness throughout,
and the colored plate should be protected from outside injury by a thin
piece of clear glass that can easily be renewed.

Table II indicates roughly the percentage of heat rays transmitted
by various colored glasses of given thickness. The source of heat used
was a 200-watt, gas-filled Mazda lamp operating at a temperature of about
2400 deg. C. Although the figures are substantially corrcet for the samples
tested, they would necessarily vary somewhat for other samples of different
thickness and degrees of coloration, so that they can be taken only as a
general guide for comparative purposes. Examination of the table will
show that the last three, or commercial samples, all show better than 90
per cent exclusion of the heat rays.

TABLE T1.—QuaLITIES 0F Various KINDS or GLASS

Per Cent
Thickness Heat Rays
in Inches Trans-
Kind of Glass mitted
Clear white miea. ...oovvvii i 0.004 81
Clear window glass. ...t 0.102 T4
Flashed raby . ..ooiiiiiiii i 0.097 69
Belgium pot yellow.......... ... i 0.126 50
Cobalt blue ..o e 0.093 43
FEmerald green ... e 0.100 36
Dark mica ..ovvvnereii e 0.007 15
Special light green glass. ...t 0.095 10
Special dark glass. ... 0.096 4
Special gold-plated glass......... ...t 0.114 0.8

As to the invisible ultra-violet rays, they are prineipally to he feared
not only because they arc invisible, but because we have no organ or
sense for detceting them, and we can only trace their existence by their
effects. In all eases, however, when we are forewarned of their presence,
they are very easily shielded, for there are only a few substances which
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are transparent both to visible light and to ultra-violet radiation. Ioremost
among these latter substances, because it is most common, is clear natural
quartz or roek crystal, from which the so-called ‘‘pebble’” spectacle lenses
are made. Fluorite and selenite are also transparent to ultra-violet rays,
but these crystalline materials are rare and not in common use. However,
2 moderate thickness of ordinary clear glass, sheets of clear or amber
mica, and of clear or colored celluloid or gelatine are opaque to these
dangerous rays. As a case in point, it is well known that the mercury
vapor lamp, when made with a quartz tube, is an execeedingly dangerous
light to the eye, being a prolific source of ultra-violet radiation, so that
when it is used for illumination, it is always carefully enclosed in an
outer globe of glass. When the mercury vapor lamp, however, is made
with a clear glass tube it is a harmless, if not very agreeable, source of
light, because the outer tube of clear glass is opaque to the ultra-violet
rays that are generated abundantly within it by the highly luminescent
mercury vapor.

‘When operating with a source of light that is kmown to be rich in
ultra-violet rays, such as the iron are in welding operations, it is not
suffieient to guard the eyes with ordinary spectacles because these invisible
rays are capable of reflection, just the same as visible light, and injury
may easily ensne from slanting reflections reaching the eyve hehind the
spectacle lenses. Goggles that fit closely around the eyes are the only
sure protection in such cases. Also, when using a hand shield it should
be held close against the face and not several inches away from it.

It may here be mentioned that the invisible ultra-violet rays, when they
are not masked or overpowered by intense visible light, produce the curious
visible effect termed ‘‘fluorescence’’ in many matural and artificial com-
pounds. That is, these rays cause certain compounds to shine with various
bright characteristic colors, when by visible light alonc they may appear
pure white or of some weak neutral tint. Thus, natural willemite, or zine
silicate, from ecertain localities (which may also le made artificially)
shows a bright green color under the light from a disruptive spark between
iron terminals; whereas this ecompound is white or nearly so by visible
light. Also, all compounds of salieylic acid, such as the sodium salicylate
tablets which may be bought at any drug store, are pure white when scen
by visible light, but show a beautiful blue fluorescence under ultra-violet
rays. Many other chemical compounds could be mentioned which possess
this curious property, but the above substances will suffice to illustrate
the effect of fluorescence produeed by ultra-violet rays, and by which these
rays may be thereby detected. It must, however, he noted that these
substances will only show their fluorescent colors very faintly when viewed
by the light of the low-tension iron arc used in welding, because the intense
visible light of this are will overpower the weaker effect of the invisible
ultra-violet rays. The true beauty of fluorescent colors can only he seen
under a high-tension disruptive discharge between iron terminals, the visible
light in this case being weak while the ultra-violet rays are comparatively
intense.

Summarizing the effective means for eye protection against the various
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harmful radiations thal are particularly associated with welding operations:

(1) The intense glare and flickering of the visible rays should be
softencd and toned down by suitably colored glasses, sclected by an expert
and having a depth of coloration which shows the clearest definition com-
bined with sufficient obscuration of glare, which last feature can be best
determined by the individual operator.

(2) When infra-red rays are present to a dangerous degree, a tested
heat-absorbing or heat-reflecting glass should be employed, either in com-
hination with a suitable dark colored glass, when glaring visible light is
present, or by itself in cascs where the visible rays are not injuriously
intense.

(3) In guarding the cye from the dangerous ultra-violet rays, it must
he carefully moted that ‘‘pebble’’ lenses arc made from eclear quartz
or natural rock crystal, and this material being transparent to these rays
offers mo protection against their harmful features. On the other hand,
ordinary clear glass is a protection against these rays when they are not
very intemse, but dark-amber or dark-amber-green glasses are absolutely
proteetive. Glasses showing blue or violet tints should be avoided, excepting
in certain combinations wherein they may be used to obscure othor colovs.



CHAPTER IIT
DIFFERENT MAKES OF ARC WELDING SETS

In showing examples of different makes and types of are
welding sets, only enough will be selected to cover the field in
a general way, and no attempt whatever will be made to make
the list comrglete.

The General Electric Co., Schenectady, N. Y., puts out the

F16. 22—General Electric 3-KW., 1700-R.P.M., 125-60-20-V. Compound-
wound Balancer-Type Arec Welding Sct.

constant energy metallic eleetrode set shown in Fig. 22. This,
however, is but one type of its machines as this company makes
a varied line covering all needs for welding work. Two of their
commonly used, up-to-date sets are illustrated in Figs. 131 and
132, Chapter VIIL

This particular machine combines high are efficiency and
light weight. The balancer set is of the well-known G-E standard
““MCC”’ construction. It is built for operation on 125-v., d.c.
supply cireuits, which may be grounded on the positive side only,
and is rated ‘“MCC’’ 3 kw., 1,700 revolution, 125/60,/20 v., com-

28
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pound-wound, 150 amperes, RC-27-A frames, the two armatures
being mounted on one shaft and connected in series across the
125-v. supply circuit, one welding circuit terminal being taken
from the connection between the two armatures and the other
from the positive line. By this means each machine supplics
part of the welding current and, consequently, its size and weight
is minimized. The design of the fields and their connections
is such that the set delivers the voltage required directly to the
arc without the use of resistors or other energy-consuming
devices. The bearings are waste packed: this type of bearing

TF16. 23.—Welding Control Panel for Balancer Sct.

heing desirable in a set which is to be made portable either for
handling by a erane or for mounting on a truck.

The welding control panel for the balancer set is shown in
Tig. 23. This pancl consists of a slate base, 24-in. square, which
is mounted on 24-in. pipe supports for portable work and on
64-in. pipe supports for stationary work.

The entire set consists of one ammeter, one voltmeter, one
dial switeh, two field rheostats (motor and generator) one start-
ing equipment with fuse, one reactor mounted on the pipe frame
work of pancl. The ammeter and voltmeter are enclosed in a
commor: casc. The ammeter indicates current in the welding
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circuit and the voltmeter 1s so connected that hy means of a
double-throw switch, either the supply line voltage or the welding
line voltage can be read.

The dial switeh is connected to taps in the series field of
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F16. 24.—DBalancer and Control Pancl Connecctions for General Eleetrie
Constant-Energy Constant-Are Set.

the generator, the ficld being connected to oppose the main field.
This feature provides the current control by which six steps
are obtained of the approximate values of 50, 70, 90,110, 130 and
150 amp., which enables the operator to cover a very wide range.
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In addition, if intermediate current values are required, they can
be obtained by means of the generator field rheostat.

A small reactor is used to steady the are and current both
on starting and during the period of welding.

Arce welding is usually done on metal which is grounded and
this is especially unavoidable in ship work, where the ship struc-
ture is always well grounded. Since successful operation requires
that the positive terminal be connected to the work the supply
civeuit should be safely grounded on the positive side.

Where a 125-v., d.c. supply system is not available, standard
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16, 25.—Carbon Eleetrode Cutting Specds for Different Thicknesses
of Plate.

CMIC?? or ““MCC” sets are furnished to supply power at 125 v,
the motor being either 3-phase, 60-cycle, 220, 440 or 550 v., or
d.e., 230 or 550 v., and in three capacities, 53 kw., 7 kw., and
15 kw. With cach motor generator set there is supplied a panel
containing generator field rheostat and motor starter; which may
he mounted beside the balancer panel. A diagram showing the
balancer and control panel is shown in Fig. 24.

The constant energy arc-welding cquipment supplies, to the
are, practically constant energy throughout the welding range
for metallic electrode welding only. If the arc is lengthened
slightly the voltage increases and the current decreases, the total
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DIFFERENT MAKES OF ARC WELDING SETS 33

energy being practically constant. As the voltage required by
the are varies, the generator readjusts itself to this condition
and automatically supplies the required voltage; the remainder
being utilized by the motor end of the set. The interchange
of voltage between the motor and genecrator is practically in-
stantaneous, no perceptible lag occurs. This feature is valuable
when metal drops from the electrode and causes an instantaneous
inerease in current. The commutation is sparkless and the weld-

Fie. 26.—Wilson Two-Are, 300 Amp., ‘‘Plastic Are’” Welding Set.

ing cireuit may he short-cireuited without injury to the machine.

In connection with welding with an outfit of this kind, the
practical man and student will find Table IIT of considerable
interest. TFor sheet steel cutting using the carbon are, the
chart Fig. 25 is given.

The Wilson Outfit.—The Wilson ‘‘plastic are’’ process and
apparatus was first developed in railroad work by the Wilson
Welder and Metals Co., New York, in order to enable the
welder to eontrol the heat used. By this system it is claimed
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that any number of operators can work from onc large machine
without one welder interfering in any way with the work of
another. Each operator can have properly controlled heat and
a steady arc at the point of application. This system was

]

F1e. 27.—Welding and Cutting Panel for Wilson Set.

largely used in the repair of the damaged engines on the Ger-
man ships which were seized by us. By regulating the heat
it is claimed that any metal can be welded without preheating.

A two-are sct is shown in Fig. 26 and a closc-up of a control
panel in Fig. 27,
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This outfit consists essentially of a constant voltage
generator driven by any constant-speed motor, all mounted
on a common bedplate. The regulation of the welding current
is maintained by means of a series carbon pile acting as a
series resistance of varying quantity under the action of increas-
ing or decreasing mechanical pressure. This pressure is
produced by means of a series solenoid operating mechanically
on a lever and spring system which varies the pressure on
the carbon pile inversely as the current in the main eireuit.
This establishes a constant current balance at any predeter-
mined adjustment between a maximum and minimum range
designed for. The change in adjustment is controlled by the
operator at the point of work by means of a small pilot motor
which shifts the lever center of the pressure mechanism,
thereby raising or lowering the operating current. This system
maintains a constant predetermined current at the are regard-
less of the are length. The operation of the mechanism is
positive and quick acting. A special series choke-coil is
mounted on the control panel for use as a cutting resistance.

‘‘Plastic Arc”’ Dynamotor Unit.—The ‘‘plastic are’’ weld-
ing unit illustrated in Fig. 28, while embodying the same
fundamental principles as the foregoing, is a later model. This
set is composed of a dynamotor and current control panel.
The generator is flat-compound wound, and maintains the
normal voltage of 35 on cither no load or full load.

The control panel has heen designed to provide a constant-
current controlling panel, small in size, of light weight, simple
in operation and high in efficiency. The panel is of slate,
20 in.X27 in., and on it are mounted a small carhon pile, a
compression spring, and a solenoid working in opposition to
the spring. The solenoid is in series with the are so that any
variation in eurrent will cause the solenoid to vary the pressure
on the carbon pile, thereby keeping the current constant at the
value it is adjusted for.

Three switches on the panel provide an easy means of cur-
rent adjustment between 25 and 175 amperes. The arrange-
ment of the welding cireuit is such that 25 amperes always
flow through the solenoid when the main switch is closed,
whether the welding current is at the minimum of 25 amperes
or the maximum of 175 amperes. The balance of the welding
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current is taken care of in by-pass resistances shunted around
the solenoid.

This outfit can be furnished as a dynamotor unit, with
standard motor characteristies as follows : 110 volts or 220 volts
Jdirect eurrent, or 990 or 440 volts, 60 cycle, 2 or 3 phase
alteruating current; also as a gasoline-driven unit, or it can

Tie. 28— < Plastic-Are’’ Dynamotor Welding Unit.

be furnished without a motor, to be belt driven. The nor
generator‘speed is 1800 r.p.m. The net weight is 800 1b. v
direct-current motor, 807 1b. with alternating-current mo
11200 1b. with gasoline engine, and 550 lb. as a belted o
without motor. The sets can be mounted on a truck for
portability if desired. '
The Lincoln Outfit.—The portable arc-welding outfit i
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trated in Fig. 29 is the produet of the Lincoln Electrie Co.,
Cleveland, Ohio. The outfit is intended for operation where
electric current is not available and consists of a 150-amp.
arc-welding generator direct connected to a Winton gasoline
engine. An interesting feature of the machine is the method
used to insure a steady arc and a constant and controllable
heat. A compound-wound generator is used, the series wind-

==

16, 29.—Lincoln Self-Contained Portable Set.

ings of which are connected to oppose the shunt field, the two
windings being so proportioned that the voltage increases in

the same ratio that the current increases, thus limiting the
short-circuit current. Another important effect of this is that
the horsepower, and therefore the heat developed for a given
setting of the regulator switeh shown on the control board
above the generator remains practically constant. It is claimed
that this method of control gives considerably more work
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on a given amount of electricity than where the machines use
the ballast resistance. Additional are stability is insured by
the stabilizer at the right of the illustration, this being a highly
induective low-resistance coil connected in the welding circuit
and serving to corrcet momentary fluctuations of current.
Westinghouse Single-Operator Electric Welding Outfit.—
The single-operator electric are-welding equipment shown in
Tig. 30 is manufactured by the Westinghouse Electric and
Manufacturing Co., East Pittsburgh, Pa. The generator

F16. 30.—Westinghouse Single-Operator Portable Outfit.

——

operates at are voltage and no resistance is used in cireuit
with the are. The generator is designed to inherently stabilize
the arc, thereby avoiding the use of relays, solenoid control-
resistors, ete.

The generator has a rated capacity of 175 amp. and is
provided with commutating poles and a long commutator,
which enable it to carry the momentary overload at the instant
of striking an arc without special overload device. Close adjust-
ment of current may be easily and quickly made, and, once
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made, the amount of current at the weld will remain fixed
within close limits until changed by the operator. There arc
twenty-one steps provided which give a current regulation of
less than 9 amp. per step and make it much easier for a welder
to do vertical or overhcad work.

The generator is mounted on a common shaft and bedplate
with the motor. A pedestal bearing is supplied on the com-
mutator end and carries a bracket for supporting the exciter
which is coupled to the common shaft. Either d.c. or a.c.
motors can be supplied. Where an a.c. motor is used leads

Fi6. 31.—U. S. L. Portable, A-C. Motor-Generator Set.

arc brought outside the motor frame for conneeting cither
220- or 440-v. circuits. An electrician can change these con-
nections in a few minutes’ time. This feature is desirable on
portable outfits which may be moved from one shop to another
having a supply circuit of different voltages. TFor portable
service, the motor-gencrator set with the control panel is
mounted on a fabricated steel truck, equipped with roller-
bearing wheels. The generator is compound-wound, flat com-
pounded, that is, it delivers 60 v. at no-load and also at full.
load.
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The U. §. Light and Heat Co.’s Outfit.—The portable outfit,
Fig. 31, is made by the U. 8. Light and Heat Corp., Niagara
Falls, N. Y. It is 28 in. wide, 55 in. high, 54 in. long, and
will pass through the narrow aisle of a crowded machine shop.
It weighs 1,530 Ib. complete. In case a d.c. converter is used,
the weight is about 125 1b. less. Curtains are provided to keep
out dirt. A substantial cable reel is provided carrying two
50-ft. lengths of flexible cable for carrying the current to the
arc. The reel is controlled by a spring which prevents the
paying out of more cable than the welder needs. The outfit
is made in several models to use 4 kw., 110-220-440-550 v.,
2 and 3 phase, 25 and 60 cycle.

The Arc Welding Machine Co.’s Constant-Current Closed-
Circuit System.—The constant-current closed-circuit are welding

F16. 31A—The Arc Welding Machine Co.’s Outfit.

system developed by the Arc Welding Machine Co., New York,
permits the use of an inherently regulating generator with more
than one arc on a single circuit. This system is claimed to be
especially adapted to production welding applications.

The method has all the advantages of series distribution,
namely, the size of wire is uniform throughout the system and
carries a uniform current, independent of the length of the
circuit as well as of the number of operators. The circuit is
simply a single wire of sufficient cross-section to carry the
current for one are, run from the generator to the nearcst arc,
from there to the mext, and so on back to the generator.
‘Wherever it is desired to do welding, a switch is inserted in
the line, and a special are controller provided with suitable
connections is plugged in across the switch whenever work
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is to be done. These controllers may be made portable or
permanently mounted at the welding station.

The set shown in Fig. 31A consists of two units: The
generator proper which furnishes the energy for welding, and
the regulator which automatically maintains the current at a
constant value. The regulator is excited from a separate
source, and, by varying its excitation with an ordinary field
rheostat, the main welding current may be set at any value
within the range of the machine that is desired, and once set
it will automatically maintain that value.

Bach arc that is operated on the system is equipped with
an automatic controller which serves two essential purposes:

1—It maintains at all times the continuity of the cireuit,
so that one are cannot interfere with any of the
others when it comes on, or goes out of, the circuit.

21t controls automatically the heat which can be put
into the metal of the weld.

The current through the are, together with the size of the
clectrode, determines the flow of metal from the electrode, and
this current is adjusted by shunting a portion of the main
current around the are. The regulation characteristic of the
arec may be adjusted by a series parallel resistance, which is
one of the special features. When doing work on very thin,
light metals, especially where the weld must be tight, it is
necessary that fusion take place from the first instant the
are is struek. If the heat of the are is exactly right for
continuous operation, it will not be enough at the first instant,
and if it is sufficient to produce fusion at once, then it will
be too much a few seconds later. On this account a special
type of controller is used for such work which provides for
automatic reduction at a definite time after the are is actually
started, and continuing for a definite time and at a definite
rate. Both periods of time and the rate and magnitude of
the current change are adjustable.

For a given flow of metal through the are the temperature
of the metal is determined by the length of the are, that is,
by the voltage. With this contvoller, the length of the are
limited by the voltage is adjusted to suit the work and the
operator, and if exeeeded, the are is short-cireunited automat-
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ically and remains short-circuited until the welder is ready
tO Ii’er%l\lrlis?ogr?lit also made for stopping the are at will without
lengthening it. Therefore it is claimed that with this system
it is impossible to draw a long are and burn the metal. The
arc is not broken when the welding operation is stopped, but
is killed by a short-circuit which is placed across it.

Fic. 32.—Zeus Are-Welding Outfit.

Stopping an arc by short-cireuniting and limiting the heat
production in the same way is a patented feature.

““Zeus’’ Arc-Welding Outfit.—The ‘“Zeus’’ are- welding out-
fit shown in Fig. 32 is a product of the Gibb Instrument Co.,
1644 Woodward Ave., Detroit, Mich. In this device the motor-
generator customarlly used has been supplanted by a trans-
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former with no moving parts. The outfit is built on a unit
system, which allows the installation of a small outfit, and
if the work becomes heavier a duplicate set may be connected
in parallel. One of the features of the machine is the arrange-
ment for regulation. It is not necessary to change any con-
nection for this purpose, as a wheel connected with a seccondary
and placed on the top of the casc raises and lowers this
secondary, and provides the regulation of current necessary for

F16. 33.—Arcwell Outfit for Alternating Current.

different sizes of clectrodes. The inherent reactance of the
outfit automatically stabilizes the are for different are lengths.

The Arcwell Outfit.—The Arewell Corporation, New York,
has on the market an cleetric welding apparatus built for
operation on alternating current of any specified voltage or
frequeney. It is shown in Fig. 33. It differs from the com-
pany’s standard outfit in that it is being put out expressly
for the use of smaller machine shops and garages, its capacity
not being sufficient to take care of heavy work on a basis of
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speed. It will do any work that can be done by the large
machines, but the work cannot be performed as rapidly, th
machine being intended especially for use by concerns wh
have only occasional welding jobs to perform. The machir
weighs approximately 200 lb. and, being mounted on caster
it can be moved from one job to another.
Alternating-Current Arc-Welding Apparatus.—The Electr
Are Cutting and Welding Co., Newark, N. J., is now marketir
the alternating-current arc-welding outfit shown in Fig. 34.
This illustration shows the entire apparatus for use on

F16. 3¢.—Apparatus Made by the Electric Arec Cutting and Welding ¢

single-phase cireuit, the current being brought in through t
wires seen protruding at the lower left corner.

The device consists principally of a transformer with
moving parts and is claimed to last indefinitely. In this ¢
paratus, instead of holding either eurrent or voltage consta
as with direct-current scts, the wattage, or the produect
voltage and current, is held constant. The alternating-currc
sct holds the are wattage without moving parts; hence the he
is substantially constant for any given setting, and it is claim
that as soon as any person becomes accustomed to the sou
and sight of the arc and can deposit the molten metal wh
he desires it is impossible to burn the metal from too mu
heat or make cold-shut welds from too little heat. The amot
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of heat generated is controlled by means of an adjusting handle
on the transformer together with taps arranged on a plugging
hboard. It is stated that the kilowatt-hours required to deposit
, pound of mild steel with this machine varies from 1% to 21.

Their largest set is a 60-cycle type weighing about 200 1b.,
which places it in the portable class. The set can be furnished
tor any a.c. power supply, but it is not advisable to use a
oreater voltage than 650 on the primary. The set can also be
made single phase, two phase three wire, two phase four wire,

o

Fic. 35.—General Electric Lead-Burning Outfit.

to operate across the outside wires of the two-phase system
or from a three-phase power supply. Polyphase sets are about
30 per eent heavier than the single-phase sets. In the two-
phase machine balanced current can be drawn from cach of
the two phases by placing the sets across the outside wires.
This is advocated, as it provides for leading current on one
phasce which brings up the total power factor of the system and a
better power rate can be obtained. In polyphase circuits where
more than one set is used single-phase sets can be distributed
among the several phases.

The outfit can he made especially for welding and for cut-
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ting or for combination welding and cutting and ean make
use of bare wire, slag-covered, gascous fluxed or carbon elec-
trodes. An operator’s mask and the electrode holder used
may be seen on top of the apparatus.

General Electric Lead-Burning Transformer.—This lead-
burning transformer, Fig. 35, a product of the General Electric
Co., Schenectady, N. Y., can be used for lead burning, soldering
electric terminals, splicing wires and tinsmith jobs, and even
brazing can be done by placing the work between a blunt
carbon point and a piece of cast iron. The transformer is
designed to be connected to the ordinary 110-v., a.c. lighting
circuit. Heavy rubber-covered terminal leads are used to
convey the low-voltage, heat-producing current to the work,
one terminal ending in a clip for fastening to some convenient
portion of the work while the other terminal has a carbon
holder arranged with an insulated handle. When the welding
carbon is brought into contact with the work the pointed end
becomes intensely hot and melts the metal over a restricted
area. It should be noted that no arec is drawn, the end of
the carbon point being heated to such a temperature that the
metal in the vieinity is melted. The device uses about 800
watts while in actual use, the consumption dropping to 44
watts when the point is removed from the work. It is stated
that the device is very convenient in plumbing, roofing and
tank-building jobs, as well as other such work.



CHAPTER 1V
TRAINING ARC WELDERS

Writing on the training of arc welders, in the American
Machinist, April 15, 1920, O. H. Eschholz, research engineer
of the Westinghouse Electric and Mfg. Co., Pittsburgh, says:

Many industrial engineers are now facing the problem of
developing competent welders. This situation is attributed to
the rapid growth of the metallic electrode are-welding field
as the result of the suceessful application of the process to
war emergenecies. The operator’s ability, it is now generally
conceded, is the most important factor in the production of
satisfactory welds. To facilitate the acquirement of the neces-
sary skill and knowledge, the following training course con-
siders in their proper sequence the fundamental characteristics
and operations of the bare metallic electrode arc-welding
process.

It is well known that the iron are emits a large quantity
of ultra-violet radiation. Protection from the direct rays is
usually afforded hy the use of hand shields. Many uncom-
fortable burnus, however, have been traced to reflected radiation.
To sceure adequate protection from both direet and reflected
light it is necessary for the welder to use a fiber hood equipped
with suitable glasses. Paper No. 325 of the Bureau of
Standards on ‘‘Speectroradiometric Investigation of the Trans-
mission of Various Substances’’ concludes that the use of amber
and blue glasses will absorb most of the ultra-violet as well
as infra-red radiation. To protect the operator from incan-
descent particles expelled by the are, closely woven clothing,
a leather apron, gauntlets and bellows-tongued shoes should
be worn.

If the welding booth is occupied by more than one welder,
it will be found desirable to equip each operator with amber
or green-colored goggles to reduce the intensity of accidental

47
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¢flashes’’ from adjacent arcs after the welder has removed
his hood. .

The Welding Booth.—The difficulty of maintaining an are
is greatly increased by the presence of strong air curren?s. To
avoid the resulting are instability, it is desirable to inclose
the welder on at least three sides, with, however, sufficient
ventilation provided so that the booth will remain clear from
fumes. By painting the walls a dull or matte black the amount
of are radiant energy reflected is reduced.

The electrode supply and means of current control should
be accessible to the operator. When using bare electrodes the
positive lead should be firmly connected to a heavy steel or
cast-iron plate, mounted about 20 in. above the floor. This
plate serves as the welding table.

Welding Systems.—Many commercial sets compel the
operator to hold a short are. This characteristic favors the
production of good welds but increases the difficulty of main-
taining the arc. By increasing the stability of the are through
the use either of covered electrodes, series inductances or in-
creased circuit voltage and series resistance, the acquisition of
the purely manipulative skill may be aceelerated.

The Electrode Holder.—The electrode holder should remain
eool in service, shield the welding hand from the are, facilitate
the attachment and release of electrodes, while its weight,
balance and the drag of the attached cable should not produce
undue fatigue. A supply of different types of covered and
bare electrodes should be carried by the welding school so
that the operator may become familiar with their operating
and fusing characteristics.

The degree of supervision the welder is to reccive de-
termines the source of operator material. If the welding opera-
tions are to be supervised thoroughly and the funection of the
welder is simply that of uniting suitably prepared surfaces,
the candidate may be selected from the type of men who usually
become proficient in skilled occupations. If, however, the
responsibility of the entire welding procedure rests upon the
operator, he should he drawn from members of such metal
trades as machinist, boilermaker, blacksmith, oxy-acetylene
welder, ete. Some employers find it expedient to use simple
eve and muscular co-ordination tests to determine the candi-
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date’s ability to detect the colors encountered in welding and
to develop an automatic control of the are.

With adequate equipment provided, the operator may be
instruected in the following subjects:

1.
. Characteristics of the are.

o Gt w1

Manipulation of the are.

Characteristics of fusion.
Thermal characteristics.
Welding procedure.
Inspection.

Arc Manipulation.—A sitting posture which aids in the
control of the are is shown in Fig. 36. It should be noted that

Fie. 36.—Correct Welding Posture and Equipment.

by resting the left elbow on the left knee the communication
of body movements to the welding hand is minimized, while by
supporting the electrode holder with both hands the arc may
be readily directed. During the first attempts to secure arc
control covered clectrodes may be used, as these greatly increase
arc stability, permitting the welder to observe arc characteris-
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ties readily. It issuggested that throughcut the training period
the instructor give frequent demonstrations of the welding
operations as well as occasionally guide the apprentice’s weld-
ing arm.

Arc Formation.—With the welding current adjusted to 100
amp. and a %/,,-in. covered electrode in the holder, the operator
assumes the posture shown and lowers the electrode until con-
tact is made with a mild-stecel plate on the welding table,
whereupon the electrode is withdrawn, forming an arce. If an
insulating film covers either electrode surface or the current
adjustment is too low, no are will be drawn. With the are
obtained the operator should note the following characteristics
of are manipulation.

Fusion of Electrodes.—The fusion of clectrodes is frequently
called “‘sticking’ or ‘‘freezing.’’ It is the first difficulty
encountered and is caused either by the use of an excessive
welding current or by holding the electrodes in contact too
long before drawing the are. This fusing tendency is always
present because the welding operation requires a eurrent den-
sity high enough to melt the wire electrode at the arc terminal.
‘When such fusion occurs the operator commits the natural
crror of attempting to pull the movable electrode from the
plate. If he succeeds in separating the electrodes, the momen-
tum acquired, unless he is very skillful, is sufficient to carry
the electrode beyond a stable are length. If, however, the wrist
of the welding hand is turned sharply to the right or left,
deseribing the are of a circle having its center at the eleetrode
end, the fused section is sheared and a large movement of the
electrode holder produces an easily controllable separation of
the are terminals.

Maintenance of Arc.—After forming the are the chief con-
cern of the welder should be to maintain it until most of the
electrode metal has been deposited. If the movable electrode
were held rigidly, the arc would gradually lengthen as the
electrode end melted off until the arc length had increased
sufficiently to become unstable and interrupt the flow of cur-
rent. To maintain a constant stable are length it is necessary
for the operator to advance the wire electrode toward the plate
at a rate equal to that at which the metal is being deposited.
For the movice this will prove quite difficult. However, if the
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initial attempts arc made with covered electrodes, which per-
mit greater arc-length variations than bare electrodes, the
proper degree of skill is soon acquired.

‘When the operator succeeds in maintaining a short are
length for some time, the covered electrode should he replaced
by a 5/;-in. diameter bare eclectrode, the welding eurrent in-
creased to 150 amp. or 175 amp. and either reactance included
in the cireuit or the voltage of the welding set increased. 'With
increase in manipulative skill the reactance coil may be short-
circuited or the supply voltage reduced to normal and practice
continued under commercial circuit and electrode conditions.

Further instruection should not be given until the candidate
is able to maintain a short are during the entire period required
to deposit the metal from a bare electrode 14 in. long, %/, in.
in diameter, on a clean plate § in. in thickness when using
a welding current of 150 amp. The arc voltage may be used
as a measure of the are length. The average are voltage
during the test should be less than twenty-five, as this
corresponds to a length of approximately § in. Some operators
mecet this test in the first hour of their training, others require
two or threce days’ practice. If are-length control is not
obtained within the latter period, the instructor may safely
conclude that the apprentice is physieally unfitted for the occu-
pation of arc welding. If the test is satisfactory, training
should be continued, using bare elcectrodes but with such
stabilizing means as inductance or resistance again inserted in
the circuit.

Control of Arc Travel; Direction and Speed.—The plate arc
terminal and the deposited metal follow the direction taken
by the pencil clectrode. The difficulty of forming deposits
varies with the direetion. The first exercise should consist in
forming a series of deposits in different directions, as shown
in A, Fig. 37, until the operator develops the ability to form
a series of straight, smooth-surfaced layers. Additional skill
may be acquired by the practice of forming squares, circles
and initials.

The speed of are travel determines the height of the deposit
above the parent metal. A second exercise should require the
formation of deposit strips having heights of */,, */s and
3/, in. The normal height of a deposit when using a welding
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current of 150 amp. and a bare electrode of %/, in. diameter
is approximately ¥ in.

Weaving.—If the electrode end is made to deseribe the arc
of a cirele across the direction of deposit formation, the width
of the deposit may be increased without changing the height
of the deposit. This weaving movement also facilitates slag
flotation and insures a more complete fusion of the deposited
metal to the parent metal. B and C, Fig. 37, illustrate the
appearance of deposits formed with and without weaving of
the electrode.

A third exercise should consist in forming layers of cqual
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A B C
F16. 37.—Control of Are Direction Exercise.

(A4) Exercise to develop control of arc direction. (B) Effect of weaving elec-
trode across direction of deposit. (C) Effect of not weaving. These deposits were
formed with the operator and plate in the same relative position, necessitating a
change in the direction "of arc travel for the deposition of each layer. Note that
this direction is indicated by the position of the crater terminating each strip as
well as by the inclination of the scalloped surface.

heights, but having widths of %, %, 1 and % in. when using an
are current of 150 amp. and a %/,,-in. diameter bare clectrode.

As the welder should now be able to control direction,
height and width of deposits while maintaining a short are,
he should be given the fourth exercise of forming tiers of
parallel, overlapping layers until inspeetion of the surface and
cross-sections of the built-up material indicates good fusion
of the metal as well as absence of slag and blowholes.

Arc and Fusion Characteristics.—The arc is the welder’s
tool. Its function is to transform clectrical energy into highly
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concentrated thermal energy. This concentrated energy serves
to melt both the parent and the deposited metals at the elee-
trode terminals, the are conveying the liquefied pencil into the
crater formed on the material to be welded.

The plate are terminal will always appear as a crater if
a welding eurrent is used. This erater is formed partly by the
rapid volatilization of the liquefied material and partly by the
expulsion of fluid metal due to the explosive expansion of
occluded gases suddenly released or of gases formed by
chemical reaction between electrode materials and atmospherie
gases. To secure good fusion the deposited metal should be
dropped into the crater. This is facilitated by the use of a
short are. On welding, the operator should frequently note
the depth of arc crater- and manipulate the arec so that the
advancing edge of the crater is formed on the parent metal
and not on the hot deposited metal.

Polarity.—When using bare eleetrodes the concentration of
thermal energy is greater at the positive than at the negative
terminal.  Since in most welding applications the joint has a
greater thermal capacity than the pencil clectrode, more com-
plete fusion is assured by making the former the positive elec-
trode. The difference in concentration of thermal energy may
be readily illustrated to the welder by having him draw an
arc from a !/,in. thick plate with the plate first connected
to a negative and then to the positive terminal. If a current
of approximately 60 amp. is used with a */,-in. diameter elee-
trode, he will be able to form a deposit on the plate, if the
plate is the negative terminal.  On reversing the polarity, how-
ever, the energy concentration will be sufficient to melt through
the plate, thus producing a ‘‘cutting are.”’

An arc stream consists of a central core of electrically
charged particles and an envelope of hot gases. The electrode
material is conveyed in both liquid and vapor form across the
are, a spray of small globules being discernible with some types
of cleetrodes. Since atmospheric gases tend to ditfuse through
this inecandescent metal stream, it is obvious that some of the
conveyed material becomes oxidized.

Through the maintenance of a short are, not exceeding %
in., the resulting oxidation is a minimum because enveloping
oxide of manganese vapor and ecarbon dioxide gas, formed by
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the combination of atmospheric oxygen with the manganese
and carbon liberated from the electrodes, serves as a barrier
to restrict the further diffusion of atmospheric gases into the
arc stream. Fig. 38 illustrates the degree of protection afforded
the conveyed metal when using short and long ares. With the
latter conveetion currents deflect the protecting envelope from
the are stream. The effect of are length on rate of oxidation
may be clearly indicated to the welder by forming deposits with
a -in. are and a £-in. arc on a clean plate.

The surface of the first deposit will be clean and smooth,
as shown at @, Fig. 39. The surface of the second deposit will
be irregular and covered with a heavy coating of iron oxide,
as shown at b. All oxide formed during welding should be

1
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F16. 38.—Long and Short Welding Are.
Large arc stream causes excessive oxidation.

floated to the surface, since its presence in the weld will reduce
the strength, ductility and resistance to fatigue of the joint.

Stability.—The case of maintaining an are is determined by
the stabilizing characteristics of the electrical circuit and the
arc gase3. As noted above, increased stability may be obtained
by the use of series inductance or higher circuit voltage with
increased series resistance, higher arc currents and covered
electrodes. A high-carbon-content electrode, such as a drill
rod, gives a less stable are than low-carbon content rods, owing
apparently to the irregular formation of large volumes of arc-
disturbing carbon-dioxide gas. Bare electrodes after long ex-
posure to the atmosphere or immersion in weak acids will be
found to ‘“splutter’’ violently, increasing thereby the difficulty
of arc manipulation. This “‘spluttering’’ is apparently caused
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by irregular evolution of hydrogen. If the electrode is coated
with lime, its stability improves.

The evident purpose of a welding process is to secure fusion
between the members welded. The factors that determine
fusion in are welding are are eurrent, electrode current density,
thermal capacity of joint sections and melting temperatures
of electrode and plate materials. By observing the contour
of the surface of the deposited metal as well as the depth of
the are crater the welder may determine at onee whether such
conditions under his control as arc current, electrode current

i

Fre. 39.—Deposit Obtained with Short Are and Long Are.

Note that surfaces of deposit and plate in (@) are comparatively clean, while
those in (b) are heavily coated with iron oxide.

density and electrode material are properly adjusted to produce
fusion.

The fifth cxcreise should consist of forming a series of
deposits with are currents of 100, 150 and 200 amp., using
electrodes with and without coatings having different earbon
and manganese eontent. Cross-sections of the deposits should
then be polished and etched with a 10 per cent nitric-acid
solution and the surface critically examined for such evident
fusion characteristics as penectration and overlap, comparing
these with the surface characteristics.
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F16. 40.—Overlap and Penetration Studics.

(A) Typical section through a normal layer formed by depositing metal from
a mild-steel electrode on a mild-steel plate. Note the contour of the deposit as well
as that of the fused zone and the slight overlap and correct depth of deposit pene-
tration. Parent-metal crystal structure is altered by thermal changes.

(B) Typical section through a deposit formed when holding a long arc. Bx-
cessive overlap and no penetration exist. Most weld failures may be attributed to
the operator maintaining occasionally or continuously too long an arc.

(C) Section through crater formed on completing deposit strip. The depth of the
crater is a measure of the depth of penetration.

(D) Excessive overlap secured with a pencil electrode (drill rod) having a
lower melting temperature than the parent metal (mild steel).

(E) Elimination of overlap obtained by using a pencil electrode (mild steel)
having a higher melting temperature than the parent metal (cast iron).

(F) Incomplete fusion obtained with a low arc current.

(@) “Cutting” secured through use of high ar¢ current.

(H) Section indicates proper selection of welding current and electrode diameter
to secure fusion.

(I) Poor fusion caused by too rapid flow thermal energy from deposit through
plates.

(J) Adequate fusion obtained by increasing arc terminal energy to compensate for
increased rate of heat flow.
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Overlap and Penetration.—Iixamination of the houndary
line between the deposited and plate metals in 4 and B, Fig.
40, reveals that the penetration deereases in both directions
- from the center of the layer, no fusion being evident at the
cdges of the deposit, the contour betraying the extent of this
overlap. Asshown in C the penetration may be estimated from
the crater depression.

An cxaggerated overlap obtained in welding a mild-steel
plate with a high-carbon-content steel rod, having a lower melt-
ing point than the plate, is shown in D. The re-entrant angle
of the deposit edge is plainly evident. E illustrates a condi-
tion of no overlap in depositing metal from a mild-stecl elee-
trode upon a cast-iron plate having a lower melting point.
F and @ show respectively the effect of using too-low and too-
high are currents.

The effeet of heat conduetivity, heat-storage capacity, ex-
pansion and contraction of the parent metal and contraction
of the hot-deposit metal must be studied.

Heat Conductivity and Capacity.—The cffect of any of
these factors is to inerease the flow of thermal energy from the
plate are terminal and therefore to reduce the amount of metal
liquefied. To maintain a given rate of welding speed it there-
for becomes necessary to increase the arve current with increase
in thickness or area of joint.

A welding current of 150 amp. will produce satisfactory
penetration on welding the apex of scarfed plates 4 in. thick
shown in II. If the joint is backed by a heavy steel plate,
inercasing thereby both its thermal capacity and conduetivity,
a higher current, in the neighborhood of 175 amp. to 200 amp.,
will be required for the same penetration. If a lap joint is
made as in I and the same carrvent used as in H, the flow of
heat will be so rapid that poor fusion will result. By inecreas-
ing the current to 225 amp., J, the desired penetration, as
indicated hy ecrater depth, will be obtained with the main-
tenanee of a high welding speed.

Expansion and Contraction of Parent Metal.—The welding
operation necessarily raises the temperature of the metal adja-
cent to the joint, producing strains in the structure if it does
not expand and contract freely. This eondition is particularly
marked when welding a erack in a large sheet or plate. The
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plate in the region of the welded section expands, the strains
produced react on the cold metal at the end of the crack
to open it further, with the result that as the welding proceeds
the plate continues to open at a rate about equal to the welding
speed. One inexperienced welder followed such an opening for
7 ft. before adopting preventive measures. The simplest of
these is to drill a hole at the end of the erack and follow an
intermittent welding procedure which will maintain the plate
at a low temperature. Under exceptional conditions, such as
welding cracks in heavy cast-iron plates or cylinders, it is
advisable to preheat and anncal the regions stressed. A second
example is offered by the warping obtained on bhuilding up the
diameter of a flanged shaft. The face of the flange adjacent
to the shaft beecomes hotter than that opposite, producing
internal stresses which warp the flange to a mushroom shape.
Preheating of the flange will prevent this.

Contraction of Deposited Metal—The contraction of de-
posited metal is the most frequent cause of residual stress in
welds and distortion of the members welded. The magnitude
of ““locked-in’’ stresses depends upon the welding procedure
and the chemical constituents of parent and deposited metals.
If the deposit is thoroughly annealed, practically no stress will
remain. On adopting a welding sequence in which the joint
is formed by running tiers of abutting layers, cach newly
applied layer will serve partly to anncal the metal in adjacent
layers. If mild-steel plate, with less than 0.20 per cent earbon,
is welded in this way, the locked-in stresses should be less than
5,000 lb. per square inch. With incerease in earbon content the
locked-in stresses will inerease.  If welded joints of high-carbon
stecls arc not permitted to cool slowly, they will often fall
apart when the joint is given a sharp blow.

To illustrate this characteristic, the following cxercises are
suggoested:

Egercise 1—Deposit a layer 1 ft. long on a strip of steel
about 3/, in. thick, !/, in. wide, using 150 amp. dircet current
and a /,,-in. bare electrode. The longitudinal contraction of
the deposit will bend the strip of metal as shown in Fig. 41.

Exercise 2—Deposit a layer of metal around the periphery
of a wrought-iron tube. The contraction of the deposit will
cause the tube to decrease in diameter.
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Ezercise 3—Place two plates, 3 in. thick, 2 in. wide, 6 in.
long, ¥ in. apart, and deposit a layer of mectal joining them
together. The transverse contraction on cooling will pull the
plates out of line,

Fia. 41—Warping of the Parent Metal Caused by the Transverse Con-
traction of the Deposited Layers.

F'16. 42.—Reduction of ‘‘Free Distance’’ Caused by Transverse Contraction.

Illustrates the necessity of rigidly clamping the joint members, or of assembling
them by an increasing distance from the end to be first welded, to equalize the
movement caused by the contraction of the deposited metal, if the desired ““free
distance’ is to be maintained throughout the welding operation.

Ezercise 4—If two plates,  in. thick, 6 in. wide and 6 in.
long, spaced { in., are welded by depositing a short layer
extending % in. from the one end, it will be found that when
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the deposit has cooled the resulting transverse contraction will
not only warp the plates as in Exercise 3, but will also draw
them together as shown in Fig. 42, thereby decreasing the free
distance between plates.

Welding Procedure.—Satisfactory welds will be obtained
only when the sections to be welded are properly scarfed or
cut out and the surfaces on which the deposits are formed
cleaned before and during the welding operation. The scarfs
may be machined or cut with a eold chisel or the carbon arc.
The surfaces of the deposited layers may be cleaned with a

F16. 43.—Welds Showing Poor and Good Fusion.

Section through one-half of a welded joint showing poor fusion obtained at apex
of V as the result of assembling the joint sections without a ‘“free distance.” Section
through one-half of a welded joint showing excellent fusion obtained as a result
of the use of & ‘“free distance” of § in., thus permitting the operator to maintain a
short arc when welding the bottom of the V. TFailures of deep welds may be usually
attributed to the use of too small a ‘free distance,” low welding current, improper
cleaning of scarf faces or incomplete slag flotation.

chisel or wirebrush, although the use of a sandblast is prefer-
able. The joint scetions should be separated by a free distance
of about § in. in order that the bottom of the V may be acces-
sible to the welder.

The scarf angle and free distance vary inversely. Both
are determined by the depth of the V. If the character of the
work is such that it is not practicable to separate the joint
sections, the V should be cut at the bottom to form a 90-deg.
angle, this angle being reduced to 60 deg. as the surface is
approached ; otherwise the scarf angle may be reduced along
the entire length to 60 deg., excepting in the case of very deep
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welds, 1 is usual practice now to searf plate welds 1o 60 deg.
and sepavate the seetions | in for Vs up to § in. in depth.

At the Teft in Mg, 43 is shown the poor fusion obtainoed
at the bottom of the Voon welding a L-in square bar, searfed
60 deg., without the use of a free distanee. At the right is
shown the satisfactory union obtained with the use of free
distanee of L in. Whenever a hult joint is aceessible to hori-
zontal welding from both sides, it is preferable to searf the
seetions to a doublebevel, double-V joint.

The choiee of are current s determined by the thermal
conduetivity and capacity of the joint as previously discussed,
a convenient eriterion being the depth of are erater. The
are current selected should he of sueh a value that on welding
the given sections the depth of the are erater or ““bite’” iy
never less than ', in,

Electrode Current Density. To maintain a uniform flow
of the metal, neither too slow, which eauses excessive penetra-
tion, nor too fast, which produces excessive overlap, an celees
trode diameter should be ehosen sueh that the cwrrent density
is approximately 8000 amp. per square ineh, For the usual
sizes of bare wire availahle this corvesponds to the following
welding currents:

Ave Curvent t Ampa : Fileetrodle
Normal Maximum Minimum  Dimeter (in,)
BN U 1o i
oo (I 105 Rt 34
1o 1 70 1N
6ty il +4h NN

IT covered clectrodes are used, the divect-eurrent rating for
the wires should be deereased roughly to 60 per cont of these
values, I hare wires are used on alternating eurrent, the
rating should be inercased from 20 to 40 per cent,

The first layer should thoroughly fuse the apex of the V.
Wherever possible inspeet the peverse side, as the deposited
metn] should appear projecting through,  Subsequent layers
should be fused then to the preceding layers or to the searfed
face, The final surface should be from '/, to '/, in. above
that of the adjaeent seetions. This welt inerenses the strength
of the joint or permits the joint surfaee to be machined to a
smooth finish, 1 the weld s to be oil-tight, the metal projeet-
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ing through the abutting sections on the reverse side as a result
of the first step in filling the section should be chipped out
and the resulting groove filled with at least one layer of
deposited metal. This extension of the procedure is frequently
used in the welding of double-bevel joints where the joint is
to have a ‘100 per cent’’ strength.

If a vertical seam is to be welded, sufficient material should
first be deposited to produce a shoulder so that the added
metal may be applied on an almost horizontal surface to faeili-
tate the welding operation.

If an overhead seam is to be welded, the operation is sim-
plified by placing on the upper side of the joint a heavy steel
plate covering the apex of the V. A shoulder is then formed
by an initial deposit of metal, the operator continuing to add
metal to the corner so produced and the vertical face of the
shoulder.

The considerations pointed out under the section on thermal
characteristics determine whether it is necessary to preheat
and anneal the joint. The method used in filling the scarfed
section is determined by the preference for cither the rigid or
non-rigid system.

When using the rigid system both sections 6f the joint arc
clamped firmly to prevent either member from moving under
the stresses produced by the expansion and contraction ob-
tained during the welding operation. If a proper welding
sequence is not followed, the accumulation of ‘‘locked-in’’
stresses on cooling may be sufficient to rupture the welded
area. To minimize these stresses it is the usual practice to
tack the plates together at the apex of the scarf with short
deposits at about 1-ft. intervals, and then to deposit single
layers in alternate gaps, each tier being completed before add-
ing a second tier at any section. This procedure tends to
maintain a low average temperature of the joint and plate,
thereby decreasing the amount of expansion, while the deposi-
tion of the metal in layers serves partly to anneal the metal
beneath and materially reduce ‘‘locked-in’’ stresses.

In the non-rigid system both members of the joint are free
to move. To prevent the edges of the plate from overlapping
or touching as shown in Fig. 42, the initial free distance is made
great enough to equalize the movement of the plates caused
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by the contraction of the hot deposited metal. On welding
long seams of }-in. plate the contraction is limited by main-
taining a spacing block %/,; in. wide, approximately 1 ft. ahead
of the welded section. With a ‘“frec distance’’ of % in. the
contraction stresses draw the plates together a distance of
4/.¢ in.  This modification converts the non-rigid into a semi-
rigid system.

Inspection.—No direct, non-destructive means are available
for readily determining the strength and duectility of welds.
A number of indirect methods, however, are in commercial
use which give a fair measure of weld characteristics if intel-
ligently applied. They consist in estimating the degree of
fusion and porosity present by critically inspecting the surface
of each layer and in noting the depth of liquid penetration
through the completed seection.

In examining cach layer the amount of oxide present,
smoothness and regularity of the surface, its contour, freedom
from porosity and depth of crater should be noted. After a
little experience these observations will give the inspector a
good indication of the manipulative ability of the welder and
of the degree of fusion obtained, as discussed above.

A succeession of unfused zones will produce a leaky joint.
These sections may be detected by flooding one surface of
the joint with kerosene, using a retaining wall of putty, if
necessary, as the liquid penctrates through the linked areas
and emerges to stain the opposite side. ~

Brief Terminology.—The following terms are used most
frequently in are welding:

I'ree distance—The amount that the joint sections are separated before
welding.

OQuerlap.—The area of deposited metal that is not fused to the parent
metal.

Parent metal.—The original metal of the joint secctions.

Penetration—The depth to which the parent metal is melted by the are
—gaged by the depth of the are crater.

Recession.—The distance between the original searf line and the average
depth of penctration parallel to this line obtained in the completed weld.

Re-entrant angle.—The angle between the original surface of the parent
metal and the overlapping, unfused deposit edge.

Scarf—The chamfered surface of a joint.

Tack—A short deposit, from 3} to 2 in. long, which serves to hold
the sections of a joint in place.
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Weaving—A semi-circular motion of the are terminal to the right and
left of the direction of deposition, which serves to increase the width of
the deposit, decreasc overlap and assist in slag flotation.

Welt.—The material extending beyond the surface of the weld shanks
to reinforce the weld.

QUESTIONS AND ANSWERS

What does the welder’s equipment consist of?

Welding generator, electrode holder with eables, welding booth, helmet
or shield, gauntlets, high shoes with hellows tongue, heavy clothing or
leather apron, proper electrodes.

What is the most important precaution the operator should observe?

To proteet his eyes and body from the radiant energy emitted by the
are.

How is the operator prevented from drawing too long an arec after
the electrode ‘‘freczes’’ to the work?

By twisting the wrist sharply to the right or left, thereby shearing the
fused area.

What is the essential factor in securing the maintenance of the arc?

The electrodo should be advanced to the work at the rate at which it
is being melted.

What is the test of an operator’s manipulative ability?

He should be able to hold an arc mo longer than } in,, having a voltage
across it less than twenty-five during the period required to deposit the
metal from a ®/,-in. diameter bare electrode, 12 in. long on 150 amp.
direct current.

What is meant by ‘‘frec distance,”’ ‘‘overlap,’’ ‘‘parent metal,’’
‘‘penetration,’’ ‘‘recession,’’ ‘‘re-entrant angle,’’ ‘‘searf,’’ ¢‘tack,’’
““weaving’’ and ‘‘welt’’?

Given under ‘‘Terminology.’’

What function does the are perform?

It transforms electrical cnergy into thermal energy.

What polarity should the welder use on welding all but thin sections
with bare clectrodes?

The pencil clectrode should be megative.

How may the amount of oxide formed be reduced to a minimum?

By holding a short arc and the use of electrodes containing a small
quantity of carbon (0.18 per cent) and manganese (0.50 per cent).

How may an operator determine the degree of fusion obtained (a) by
inspecting the surface, (b) by inspecting the cross-section of deposit?

(a) By examining the contour of the surface, noting the re-entrant
angle and estimating the overlap; observing the depth of crater and
estimating the penetration.

(b) By directly observing the depth of penetration of recession, the
overlap and porosity or blow holes.

What are the factors in are welding that determine the degree of
fusion?
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Arc current, arc length, electrode current density, electrode material,
freedom of weld from oxides. :

How may a welder determine when he is using the proper welding
current?

By the depth the arc melts the material welded. The ecrater should
be not less than /s in. in depth.

What is the most important thermal characteristic encountered in
welding ?

Contraction of the hot deposit.

How may strains produced by this characteristic be minimized?

By adopting a correct welding procedurc, either non-rigid or rigid,
which serves partly to anneal the metal and reduce ‘‘locked-in’’ stresses.

What is the effeet of holding too long an arc with the metallic clectrode?

The use of a long are produces a poor deposit, due to insufficient
penetration, and also produces a large amount of oxide which reduces both
the strength and ductility of the joint.

What size of bare electrodes corresponds to welding currents of
approximately 225, 155, 100 and 60 amp. on welding with direct current?

Sizes */i, °/2, /s and */5. in. respectively.

How should joint sections be prepared for welding?

The surfaces should he cleaned thoroughly and the faces of the joint
scarfed to an angle of 60 to 90 degrees with the edges separated a free
distance of approximately % in. in the rigid welding process, and an addi-
tional */,; in. per foot from the point welded for each foot length when
using the non-rigid system.

What surface characteristics denote fusion?

Surface porosity, amount of oxide coating, depth of arc crater, surface
contour, compactness, regularity and re-entrant angles.



CHAPTER V
CARBON-ELECTRODE ARC WELDING AND CUTTING

In the american Machinist of Sept. 9, 1920, O. I. Kscholz,
research engineer of the Westinghouse Electric & Manufac-
turing Co., dealt with the various phases of carbon arc welding
and cutting as follows:

Carbon or graphite electrode are welding is the oldest of
the electric fusion are processes now in use. The original
process counsisted in drawing an are between the parent metal
and a carbon electrode in such a manner that the thermal
energy developed at the metal crater fused together the edges
of the joint members. This process was carly modified by add-
ing fused filling mectal to the molten surface of the parent
metal.

The equipment now used consists of a direct-current arc-
cireuit possessing inherent means for stabilizing the carbon
are, a welding hood for the operator, an clectrode holder that
does not become uncomfortably hot in scrvice and suitable
clothing such as bellows-tongued shoes, gauntlets and apron of
heavy material.

‘When are currents of less than 200 amp. are used, or when
a graphite arc process is employed intermittently with the
metallic electrode process, the carbon-holding adapter shown
in Fig. 44 may be used with the metallic electrode holder, the
shank of the adapter being substituted for the metal clectrode.
With very high are currents, 750 amp. or more, special holders
should be construected to protect the operator from the intense
heat generated at the are. Typical holders are shown in Figs.
45 and 46.

Electrodes.—Although hard earbon was originally employed
for the electrode material, experience has shown that a lower
rate of electrode consumption as well as a softer weld may be
obtained by substituting graphite electrodes. While both elee-

66
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trodes have the same base and binder, the graphite electrode
is baked at a sufficiently high temperature (2000 deg. C.) to
graphitize the binder, thereby improving the bond and the
homogeneity of the electrode. The graphite electrode is readily

Tia. 44.—Adapters for Using Carbons in Metallic-Electrode Holder

F16. 45.—Metallic-Electrode Holder.

F1e. 46 .—Carbon- or Graphite-Electrode Holder.

distinguishable by its greasy ‘‘feel’’ and the characteristic
streak it makes on paper.

The diameter of the electrode is determined partly by the
are current. To fix the position of the carbon arc terminal,
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thereby increasing arc stability and are control, all eiectrodes
should be tapered. This precaution is particularly important
when using low value of arc current or when maintaining an
arc under conditions which cause distortion and instability.
The following table gives electrode diameters in most common
use with various are currents:

Amperes Diameter

50 to 150 ......iiiiiiiiia, 1 in. tapercd to } in.
150 to 300 ...t § in. tapered to } in.
300 to 500 ...l 1 in. tapered to § in.
500 to TS50 ...l 11 in. tapered to } in.
750 to 1000 ..........iiiiiiiann 11 in. tapered to } in.

Filler Material—A strong, sound weld can be obtained only
by using for filler metal low-carbon, commercially pure iron
rods having a diameter of 2 in. or } in., depending on the
welding current used. Cast iron or manganese steel filler rods
produce hard welds in which the fusion between the parent
and added metals may be incomplete. Short rods of serap
metal, steel turnings, ete., are frequently made use of for filler
metal when the purpose of the welder is merely to fill a hole
as rapidly as possible. It should be understood that welds
made with such metal are weak, contain many blowholes and
are frequently too hard to machine.

It is as difficult for the user of graphite are processes as
it is for the oxy-acetylene welder to estimate the degree of
fusion obtained between deposited and parent metals. There-
fore the operator must follow conscientiously the correct pro-
cedure, recognizing that the responsibility of exceuting a faulty
weld rests solely with himself. FHe should, of course, have a
working knowledge of metals, must be able to distinguish
colors and possess a fair degree of muscular co-ordination,
although the manipulative skill required is less than that neces-
sitated by the metallic electrode process.

For graphite are welding employing a filler the correct
posture is illustrated in Fig. 47. The filler rod is shown grasped
by the left hand with the thumb uppermost. When held in
this position the welder may use the rod to brush off slag
from the surface of molten metal or to advance the rod into
the are stream.

The surfaces to be welded should be chipped elean. Where
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they are scarfed the angle should be wide enough to enable the
operator to draw an arc from any point without danger of
short-circuiting the are. It is the practice of some welders
to remove sand and slag from the metal surfaces by fusing
them with the aid of the arc and then striking the fluid mass
with a ball-peen hammer. This method should be discouraged
sinece both operator and nearby workmen may be seriously
injured by the flying hot particles.

Arc Manipulation.—The are is formed by withdrawing the
graphite clectrode from a clean surface of solid metal or from
the end of the filler rod when it is held in contact with the

1°1G. 47.—Correct Welding Position when Using Carbon Arc and a Filler Rod.

parent metal. If the ave is formed from the surface of%the
deposited metal or from that of a molten areca, slag particles
may adhere to the end of the clectrode, deflecting the arec and
inercasing the diffieulty of manipulating it.

By ineclining the clectrode approximately 15 deg. to the
vertieal the control of the position, direction and speed of the
are terminal is facilitated. When the electrode is held ver-
tically irregularities in the direetion and force of convection
currents defleet the are first to one side and then to another,
causing a corresponding movement of the metal are ter.minal.
By inclining the graphite cleetrode the defleeting foree is con-
stant in dircetion, with the result that the eleetrode are stream
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and are terminal remain approximately in line, as shown in
Fig. 48, and may then be moved in any direction or at any
speed by a corresponding movement of the graphite electrode.

Polarity—It is common knowledge that the positive
terminal of a carbon are is hotter and consumes more energy
than the negative terminal. If the graphite eleetrode of the
welding are is made the positive terminal, energy will be use-
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F1e. 48.—Position of Electrode and Characteristics of the Are.

lessly consumed and the resulting higher temperature will
increase the loss of earbon through excessive oxidation and
vaporization. Moreover, for reasons well known to those
familiar with the phenomena of arc formation, a very unstable
arc is obtained with the iron parent metal functioning as the
negative electrode. The graphite electrode should thercfore
always be connected to the negative terminal, reversal of
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polarity being detected when the are is difficult to hold and
when the carbon becomes excessively hot.

Arc Length.—Even when the graphite clectrode serves as
the negative arc terminal, its temperature is great enough to
cause vaporization of a considerable quantity of carbon. If
this carbon is permitted to be transferred to and absorbed
by the fluid metal, a hard weld will result. To insurc a soft
metal practically all of the volatilized ecarbon should be oxid-
ized. This may be accomplished by regulating the are length
so that atmospheric oxygen will have ample time to diffuse
through the arce strecam and combine with all of the carbon
present. The correct are length is dependent upon the welding
current and the degree of confinement of the arc. Since the
are diameter varics as the square root of the current the are
length should be inercased in proportion to the square root of
the current. It is also obvious that when an are is drawn
from a flat, open surface the vaporized carbon is more acees-
sible to the atmospherie gases than when it is inclosed by the
walls of a blowhole. This means that to secure the same amount
of oxidized carbon under hoth conditions the confined ave
should be the longer. Many welders are not familiar with
this phenomenon, with the vesult that metal deposited in holes
or corners appears to he inexplicably hard.

The length of a 250-amp. are should not he less than 4 in.
and that for a 500-amp. are should not be less than # in. when
drawing the arc from a flat surface. The maintenance of
excessive are lengths causes the diffusion, through conveetion
currents, of the protecting envelope of carbon dioxide, with
the result that the exposed hot metal is rapidly oxidized or
“burned.”” TFor most purposes a 250-amp. are should not
exceed a length of 1 in. and the length of a 500-amp. are should
not exeeed 13 in. In view of the large variation permissible,
the welder should be able to maintain an are length which
assures a soft weld metal with but little slag content.

The are serves to transform clectrical encrgy into thermal
energy. The energy developed at the metal terminal or are
crater is utilized to melt the parent metal, while that generated
in the are stream serves to melt the filling material. If the
molten filler is not properly guided and, as a consequence,
overruus the fused parent metal, a poor weld will result. This
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process nccessitates, therefore, a constant observation of the
distribution of the fused metals as well as a proper control
of the direction of flow and speed of deposition of the filling
metal.

There are two methods in use for adding the filler with a

F16. 49.—Starting to Build Up a Surface.

minimum overlap. One is called the ‘‘puddling’’ process. It
consists in melting a small areca of the parent metal, thrusting
the end of the filler rod into the are strcam, where a small
scetion is melted or eut off, withdrawing the rod and fusing
the added material with the molten parent metal by imparting

F1¢. 50—Building-Up Process Nearly Completed.

a rotary motion to the are. This puddling of the metals serves
also to float slag and oxidized material to the edge of the
fused arca, where they may be brushed or chipped off.

The rapid building up of a surface by this method is shown
in Fig. 49. The short scctions of filler rod were welded to
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the sides of the casting in order to prevent the molten material
from overflowing and to indieate the required height of the
addition. The appearance of the nearly completed ¢“fill”’ is
shown in Fig. 50. One side of the added metal is lower than
the others to facilitate the floating off of the slag, some of

T1a. 52—Mecthod of Depositing Filling Material in Layers.

which may be obscrved adhering to the edge of the plate.
Tig. 51 shows a section through a weld produced in this man-
ner, the continuous line indicating the zone of fusion and the
broken line the boundary of erystal struetural change produced
by the temperature eyele through which the parent metal has
passcd as a vesult of the absorption of the are energy.
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Some users of this method advocate puddling short sections
of the filler rod, 1 to 3 in. in length, with the parent metal.
‘Where this is done, the filler may be incompletely fused and
therefore not welded to the surface of the parent metal.

In the second method the filler material is deposited in

Fi6. 54.—Fused Ends of Filler Rods.

layers, as shown in Figs. 52 and 53, the deposits being similar
to those obtained with the metallic electrode process but wider
and higher. In these examples a welding current of 250 amp.
with a filling rod # in. in dia. were used. This method simply
requires the operator to feed the filling rod continuously into
the arc stream so that the molten filler deposits on the area
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of parent metal fused by the ave terminal while the are travels
across the surface. If the end of the rod is moved forward
while resting on the surface of the newly deposited metal,

e

1. 55 Showing the Fusion of Parent Metal and Four Layers,

most of the slag produeed by the oxidation of the hot metal
is tloated to the sides of the deposit, where it may be hrushed
or ehipped off.

The appearance of fused filler rod ends when eorreetly
manipulated is shown in Fige 540 Slag may be observed still

Fra, 56 Flanged Fidges Welded with Graplite Are,

adhering to the bottom of one of the rods, The fusion between
parent and added metal is shown in Big, D5 Four layers of
added metal are shown at the upper surfaee,

To remove slag ar iprove the appearancee of the deposits
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the surface of the added metal may be remelted by running
the arc terminal over it, provided ‘‘burning’’ and hardening
of the metal is avoided. Figs. 52 and 53 illustrate plainly the
appearance of deposits before and after the surfacing operation.

The expedient of hammering or swaging the hot deposited
metal is frequently resorted to where a refinement in the strue-
ture of the crystal grains is desirable.

Flanged Seam Welding.—Fig. 56 illustrates a useful appli-
cation of the original carbon-arc process wherein no filler metal
is used, the metal arc terminal serving to melt together the
flanged edges.

This process is easily performed. To obtain adequate fusion
the arc current sclected should have such a value that the
metal-are crater nearly spans the edges of the scam. To assure
the maintenance of a stable are a small, tapered clectrode
should be employed, the diameter of the clectrode end remain-
ing less than -in. during use.

This graphite are process is used occasionally to form butt
and lap welds by melting together the sides of the joint without
the use of filler metal. Examination of scctions through joints
made in this manner reveals that the weld is very shallow and
therefore weak.

Welding of Non-Ferrous Metals.—Copper and bronzes have
been sueccessfully welded with the graphite are when employ-
ing a bronze filler rod low in tin and zine and high in phos-
phorous, at least 0.25 per cent. The best filler material for
the various analyses of parent metals has not been determined,
but it is recognized that the presence of some deoxidizing agent
such as phosphorus is necessary in order to insure sound welds
free from oxide and blowholes. Sinee copper and its alloys
have a high thermal capacity and conductivity, preheating of
the structure facilitates the fusion of the joint swrfaces. The
grain of the completed weld may be refined by subjecting the
metal to a suitable mechanical working and temperature cyele.

Low-melting-point metals such as lead may be welded by
holding the graphite clectrode in contact with the surfaces to
be fused without drawing an are, the current value used being
sufficient to heat the end of the carbon to incandescence. The

hot electrode tip may also be used to melt the filler rod into
the molten parent metal,
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Application.—The graphite arc processes may be used for
the following purposes:

(1) Welding of cast steel and non-ferrous metals.

(2) Cutting of cast-iron and cast-steel risers and fins and
non-ferrous metals.

(3) Rapid deposition of metal to build up a swrface or fill
in shrinkage cavitics, cracks, blowholes and sand pockets where
strength is of minor importance.

(4) Fusion of standing seams.

(5) Melting and cutting of scrap metal.

(6) Remelting of a surface to improve its appearance or fit.

: - o L :
i i [ Loty s LR

F16. 57.—Typical Carbon-Electrode Cuts in 3-In. Ship Plate.

(7) Prcheating of a metal structure to facilitate the welding
operation, to reduce locked-in stresses or to alter some
dimension.

(8) Deposition of hard metal or the hardening of a surface
by the inclusion of vaporized carbon, such as rails, frogs and
wheel treads.

(9) Automatic cutting and welding of sheet metal.

Cutting.—The manipulation of the cutting are is exceed-
ingly simple, the operator merely advancing the arc terminal
over the section to bhe eut at a rate equal to that at which
the molten metal flows from the cut. The cutting speed in-
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creases with the value of are current used. The width of the
cut increases with the arc diameter and therefore as the square
root of the arc current. Fig. 57 shows the appearance of cuts
made in ship steel plate % in. thick. The following data apply
in this case:

Position of Cut Amp. Width, in. Length, in. Time, min,
Upper ...ccenveiaeann.. 250 0.5 8 23
LOower ....vecveceannnns 650 0.8 8 1

Before cutting this plate the welder outlined the desired
course of the cut by a series of prick-punch marks.

‘When cutting deeper than 4 in. the electrode should not
come in contact with the walls of the cut and thereby short-
circuit the are.

This process may be used for cutting both ferrous and non-
ferrous metals. It has found a particularly uscful field in the
cutting of cast iron. It is often used for the ‘‘burning”’ out
of blast-furnace tap holes and the melting or cutting of iron
frozen in such furnaces.

CUTTING METALS

The accompanying charts illustrate the application of the
carbon electrode cutting process with a current value of 350
to 800 amperes, depending on the thickness of the metal and
the speed of cutting desired. A moderate cutting speed is
obtained at a small operating expense, adapting it particularly
for use in foundries for cutting off risers, sink heads, for cut-
ting up serap, and general work of this nature where a smooth
finish cut is not essential.

The eross seetion of these risers, cte., is frequently of con-
siderable arca, but by the use of the proper current value,
they may be readily removed.

Table IV shows the results obtained from tests in cutting
steel plate with the electric are. The curves show the rate
of cutting cast iron sections of various shapes. Fig. 58 shows
the rate of cutting cast iron plates. Fig. 59 circular cross
scetions, and Fig. 60 squarc blocks. The curves are based on
data securea through an extensive series of observations.
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TABLE IV.—CUTTING STEEL PLATES WITH THE CARBON ARC

Thickness Current Speed Minutes
in Inches in Amps. Per Ft. Kw.-Hrs. Per Ft.
3 400 50 312
3 400 1.20 75
F 400 2.14 1.34
2 400 3.00 1.88
1 600 3.75 3.50
13 600 4.32 4.10
2 600 6.75 6.30
4 600 16.90 15.50
6 800 29.00 36.20
8 800 40.50 50.00
10 800 59.00 74.00
12 800 65.00 82.00




CHAPTER V1
ARC WELDING PROCEDURE

It is presumed that the welder has a fair knowledge of
the different processes of both carbon and metallic arc weld-
ing, gained from reading the previous chapters or from actual
experience. However, we will recapitulate to some extent
in order to make everything as clear as possible. Then we shall
give some examples of the proper procedure in making welds
of various kinds. For the deseriptions and drawings we arc
principally indebted to the Westinghouse Electric and Manu-
facturing Co., the Lincoln Electric Co., and the Wilson Welder
and Mectals Co.

In order to prepare the metal for a satisfactory weld, the
entire surfaces to be welded must he made readily accessible
to the deposit of the new metal which is to be added. In
addition, it is very essential that the surfaces arc free from
dirt, grease, sand, rust or other foreign matter. Ior this
service, a sandblast, metal wire brush, or cold chisel are recom-
mended.

During the past few years great progress has been made
in the improvement of steels by the proper corrvelation of
heat treatment and chemical composition. The characteristics
of high-carbon and alloy stcels, particularly, have becen radically
improved. However, no amount of heat treatment will appre-
ciably improve or change the characteristics of medium and
low-earbon steels which comprise the greatest field of applica-
tion for are welding. Furthermore, the metal usually deposited
by the arc is a low-carbon steel often approaching commercially
purc iron. ‘It must be cvident therefore that the changes of
steel structure duc to the arc-welding process will not be
appreciable and also that any subsequent heat treatment of
the medium- or mild-stcel material will not result in improve-
ments commensurate with the cost.

81
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Pre-heating of medium and mild stcel before applying the
arc is not necessary and will only enable the operator to make
a weld with a lesser value of current.

Cast-iron welds must be annealed before machining other
than grinding is done in the welded sections. This is nceessary
because at the boundary between the original cast iron and
the deposited metal there will be formed a zone of hard, high-
carbon steel produced by the union of carbon (from the cast
iron) with the iron filler. This material is chilled quite sud-
denly after the weld is made by the dissipation of the heat
into the surrounding cast iron which is usually at a com-
paratively low temperature.

Although it is not absolutely necessary to pre-heat cast iron
previous to are welding, this is done in some instances to
produce a partial annecaling of the finished weld. The pre-
heating operation will raise the temperature of a large portion
of the casting. When the weld is completed, the heat in the
casting will flow into the welded section, thereby reducing the
rate of cooling.

Arc Length.—The maintenance of the proper arve length for
the metallic electrode process is very important. With a long
are an extended surface of the work is covered probably caused
by air drafts with the result that there is only a thin deposit
of the new metal with poor fusion. If, however, the are is
maintained short, much better fusion is obtained, the new
metal will be confined to a smaller arca, and the burning and
porosity of the fused metal will he reduced by the greater
protection from atmospheric oxygen afforded by the eunvelop-
ing inert gases. With increase in are length, the flame becomes
harder to control, so that it is impossible to adequately proteet
the deposited metal from oxidation.

The are length should be uniform and just as short as it is
possible for a good welder to maintain it. Under good normal
conditions the are length is such that the arc voltage never
exceeds 25 volts and the best results are obtained between
18 and 22 volts. For an arc of 175 amp. the actual gap will
be abouat { inch.

Manipulation of the Arc.—The are is established by touch-
ing the cleetrode to the work, and drawing it away to ap-
proximately § in., in the case of the metallic electrode. This
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is best done by a dragging touch with the clectrode slightly
out of vertical. The clectrode is then held approximately at
right angles to the surface of the work, as the tendency is
for the heat to go straight from the end of the electrode. This
assures the fusing of the work, provided the proper current
and are length have been uniformly maintained.

A slight semicircular motion of the electrode, which at the
same time is moved along the groove, will tend to float the
slag to the top better than if the electrode is moved along a
straight line in one continuous dircction and the best results
are obtained when the welding progresses in an upward diree-
tion. It is necessary in making a good weld to ‘‘bite’’ into
the work to cercate a perfect fusion along the edges of the
weld, while the movement of the clectrode is necessary for the
removal of any mechanical impurities that may be deposited.
It is the practice to colleet the slag about a nucleus by this

(o

"16. 61.—Diagram Tllustrating Filling Sequence.

rotary movement and then float it to the edge of the weld.
If this eannot be done, the slag is removed by chipping or
brushing with a wire brush.

Filling Sequence.—When making a long scam between
plates, the operator is always confronted with the problem
of cxpansion and contraction which cause the plates to warp
and produce internal strains in both plates and deposited
material.

The method of welding two plates together is shown in
Fig. 61. The plates are prepared for welding as previously
desceribed, and the arve is started at the point A. The welding
then progresses to the point B, joining the edges together, to
point D and back to A. This procedure is carried on with
the first layer filling in a space of 6 or 8 in. in length, after-
ward returning for the additional layers necessary to fill the
groove. This method allows the entire eleetrode to be deposited
without breaking the arve, and the thin edges of the work are
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not fused away as might he the case if the operator should
endeavor to join these edges by moving the electrode in one
continuous direction. This method also prevents too rapid
chilling with consequent local strains adjacent to the weld.

‘When making a long seam weld, for example, a butt weld
between two plates, the two pieces of metal will warp and have
their relative positions distorted during the welding process,
unless the proper method is used.

A method was devised and has been successfully put into
operation by E. Wanamaker and H. R. Pennington, of the
- Chicago, Rock Island and Pacific R.R. DBy their method the

G F E D c B A
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F1a. 62.—Diagram INustrating Back-Step Method.

plates are fastened together by light tack welds about 8 in.
apart along the whole scam. The operator then makes a com-
plete weld between the first two tacks as deseribed in the
preceding paragraph, and, skipping three spaces, welds between
the fifth and sixth tacks and so on until the end of the scam
is rcached. This skipping process is repcated by starting be-
tween the seceond and third tacks and so on until the complete
scam is welded. The adoption of this method permits the heat,
in a restricted area, to be dissipated and radiated before addi-
tional welding is performed necar that area. Thus the weld is
made on comparatively cool sections of the plates which keeps
the expansion at a minimum.



ARC WELDING PROCEDURE 85

Another method very similar to the preceding one, is known
the back-step method, Fig. 62, in which the weld is performed
scctions as in the skipping process. After the pieces are
ked at intervals of 6 in. or less for short seams, the arc
applied at the sccond tack and the groove welded back
mplete to the first tack. Work is then begun at the third
-k and the weld carried back to the sccond tack, practically
mpleting that scction. Each section is finished before start-
x the next.

Fig. 63 shows the procedure of welding in a square sheet
patch. Work is started at A and carried to B completely
1ding the secam. In order that work may next be started
the coolest point, the bottom seam is completed starting
D, finishing at C. The next scam is A to D, starting at A.

B A

a D
MG, 63.—Diagram Tllustrating Square Pateh Mcthod.

10 last seam is finished, starting at B, and completing the
dd at C.

Alternating-Current Arc Welding.—Direct current has been
cod for are welding because of the fact that it possesses cer-
in inherent advantages that make it especially adaptable for
is class of work. Towever, the use of alternating current
r are welding has found a number of advocates.

When employing this form of energy, use is made of a trans-
rmer to reduce the distribution voltage to that suitable for
yplication to the weld.

Tnasmuch as the are voltage is obtained directly from the
stribution mains through a transformer, the theoretical effi-
cney is high compared with the direct-current proeess which
quires fhe introduction of a motor-generator or resistor or
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both. The efficiency of the a.e. cquipments now on the market
ranges from 60 to 80 per cent. The transformer, however,
is designed to have a large leakage reactance so as to furnish
stability to the are, which very materially reduces its efficiency
when compared with that of the standard distribution trans-
former used by lighting companies.

It is difficult to maintain the alternating are when using
a bare electrode though this difficulty ic somewhat relieved
when use is made of a coated electrode.

Quasi Arc Welding.—The clectrodes used in quasi arc weld-
ing are made by the Quasi Are Weldtrode Co., Brooklyn, N.
Y., and are known as ‘‘weldtrodes.”” A mild-steel wire is used
with a very small aluminum wire running lengthwise of it.
Around the two is wrapped asbestos thread. This asbestos
thread is held on by dipping the combination into something
similar to waterglass. Kither a.c. or d.e. may be used, at a
pressure of about 105 volts, with a suitable resistance for
regulating the current. The company’s divections and claims
for this process are: ‘‘The bared end of the weldtrode, held in
a suitable holder, is connected to one pole of the current supply
by means of a flexible cable, the return wire being conneeted
to the work. In the case of welding small articles, the work
is laid on an iron plate or bench to which the return wire is
connected. Electrical contact is made by touching the work
with the end of the wecldtrode held vertically, thus allowing
current to pass and an arc to form. The weldtrode, still kept
in contact with the work, is then dropped to an angle, and a
quasi-are will be formed owing to the fact that the special
covering passes into the igneous state, and as a secondary
conductor maintains eleetrical conncetion between the work
and the metallic core of the weldtrode. The action onee started,
the weldtrode melts at a uniform rate so long as it remains
in contact, and leaves a scam of metal fused into the work.
The covering material of the weldtrode, acting as a slag, floats
and spreads over the surface of the weld as it is formed. The
fused metal, being entirely covered by the slag, is protected
from oxidation. The slag covering is readily chipped or
brushed off when the weld cools, leaving a bright clean metallie
surface. In welding do not draw the weldtrode along the
seam, as it is burning away all the time, and therefore it is
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only necessary to feed it down, but do this with a slightly
lateral movement, so as to spread the heat and deposited metal
cqually to both sides of the joint. Care must be taken to keep
feeding down at the same rate as the weldtrode is melting.
On no account draw the weldtrode away from the work to
make a continuous are as this will result in putting down
bad metal. The aim should be to keep the point of the weld-
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Fie. 64 —Typical Examples of Prepared and Finished Work.

trode just in the molten slag by the feel of the covering just
rubbing on the work. By closely observing the operation, the
molten metal can casily be distinguished from the molten slag,
the metal being dull red and the slag very bright red.”’

The weldtrodes are supplied rcady for use in standard
lengths of 18 in., and of various diamecters, according to the
size and nature of the work for which they ave required.
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Typical Examples of Arc Welding.—The examples of weld-
ing shown in Figs. 64, 65 and 66 are taken from the manual
issued by the Wilson Welder and Metals Co. They will be
found very useful as a guide for all sorts of work. Fig. 64
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Me. 65.—Examples of Tube Work.

shows misecllancous plate or sheet jobs, Fig. 65 shows tube
jobs, while Fig. 66 gives examples of locomotive-frame and
boiler-tube wrelding.

As a basis for various welding calculations the following
data will be found of use: On straight-away welding the
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ordinary operator with helper will actually weld about 75 per
cent of the time.

The average results of a vast amount of data show that an
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I'a. 66.—Lxamples of Electric Welding of Locomotive I'rames and
Boiler Tubes.

operator can deposit about 1.8 1h. of metal per hour. This
rate depends largely upon whether the work is done out in
the open or in a special place provided in the shop. TFor
outside work such as on boats, an operator will not average
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in general more than 1.2 Ib. per hour, while in the shop the
same operator could casily deposit the 1.8 1b. stated above.
This loss in speed for outside work is brought about largely
by the cooling action of the air and also somewhat by the
added inconvenience to the operator. The value of pounds
per hour given above is based on the assumption that the work
has been lined up and is ready for welding. On the average
70 per cent of the weight of electrodes is deposited in the
weld, 12 per cent is burned or vaporized and the remainder
18 per cent is wasted as short ends.

Other figures prepared by the Llectric Welding Committee
show the possible cost of a fillet weld on a 3-in. plate, using
a motor generator sct and bare clectrodes to he as follows:

Average speed of welding on continuous straight away work 5 ft. per hour
Amount of metal deposited per running foot............. .6 1b.

Current 150 amps, at 20 volts = 3 kilowatts.

Motor generator eff. 50 per cent — 6 kw. = 5 cquals 1.2 k.w.h. per 1 ft. run

1.2 k.w.h. at 3 cents per kw.h. equals. ............ 3.6 cents per ft.
Cost of cleetrode 10 cents per pound and allowing .

for waste ends, cte., equals. ... ool 7.2 cents per ft.
Labor at 65 cents per hour equals....... e 13.00 cents per ft.

23.8 eents per ft.

Suggestions for the Design of Welded Joints.—TFrom an
engincering point of view, every metallic joint whether it be
- riveted, bolted or welded, is designed to withstand a perfectly
definite kind and amount of stress. An example of this is the
longitudinal scam in the shell of a horizontal fire-tube riveted
hoiler. This joint is designed for tension and steam tightness
only and will not stand even a small amount of transverse
hending stress without failure by leaking. If a joint performs
the function for which it was designed and no more, its designer
has fulfilled his responsibilitics and it is a good joint
cconomically. Regardless of how the joint is made the design
of joint which costs the least to make and which at the same
time performs the functions required of it, with a rcasonable
factor of safety, is the best joint.
The limitations of the several kinds of mechanieal and
welded joints should be thoroughly understood.
A bolted joint is expensive, is diffieult to make steam- or
water-pressure tight, but has the distinguishing advantage that
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it can be disassembled without destruction. Bolted joints which
are as strong as the picces bolted together are usually imprac-
ticable, owing to their bulk.

Riveted joints are less expensive to make than bolted joints
but cannot be disassembled without destruction to the rivets.
A riveted joint, subject to bending stress sufficient to produce
appreciable deformation, will not remain stecam- or water-
pressure tight. Riveted joints can never be made as strong
as the original scetions because of the metal punched out to
form the rivet holes.

There is no eclasticity in ecither riveted, bolted or fusion-
welded joints which must remain stcam- or water-pressure
tight. Excess material is required in the jointed scetions of
bolted or riveted joints, owing to the weakness of the joints.

Fusion-welded joints have as a limit of tensile strength
the tensile strength of cast metal of a composition identical
to that of the joined pieces. The limit of the allowable
bending stress is also set by the properties of cast metal of
the same composition as that of the joined picces. The reason
for this limitation is that on the margin of a fusion weld
adjacent to the picees joined, the metal of the piceces was heated
and cooled without change of composition. Whatever proper-
ties the original metal had, due to heat or mechanical treatment,
are removed by this action, which invariably occurs in a fusion
weld. Regardless of what physical properties of the metal used
to form the joint may be, the strength or ability to resist
bending of the joint, as a whole, cannot exceed the correspond-
ing properties of this metal in the margin of the weld. Thus,
assuming that a fusion weld be made in boiler plate, having
a tensile strength of 62,000 pounds. Assume that nickel-stecl,
having a tensile strength of 85,000 1b. be used to build up the
joint. No advantage is gained by the excess 23,000 1h. tensile
strength of the nickel-steel of the joint sinece the joint will
fail at a point close to 62,000 1b. If appreciable bending stress
be applied to the joint it will fail in the margin referred to.

The eclastic limit of the built-in mectal is the same as its
ultimate strength for all practical purposes, but the ultimate
strength is above the clastic limit of the joined sections in
commereial structures.

In spite of the limitations of the fusion-welded joint it is
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possible and practicable to build up a joint in commercial steel
which will successfully resist any stress which will be en-
countered in commercial work.

The fundamental factor in the strength of a welded joint
is the strength of the material added by the welding process.
This factor depends upon the nature of the stress applied.
The metal added by the welding process, when subject to
tension, can be relied on in commercial practice to give