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^=ji| HE movement towards the scientific 

T
advancement of welding conducted 
by the Emergency Fleet Corporation, 
and now, since necessarily dropped 
by the Government, in the hands 

—!l of the American Welding Society, 
has reached a stage where its proceedings should be 
regularly published. It is for this purpose that this 
Journal has come into being. 

The Emergency Fleet Corporation had for its Weld
ing Committee a body of experts on the subject. It 
comprised representatives from this country and Eng
land, from the Army and Navy, from educational insti
tutions, from the ship underwriters, ship builders and 
manufacturers. With the close of war, when the Gov
ernment withdrew from the activities created by it, this 
organization like so many others was left with impor
tant work on its hands uncompleted. It represented 
a vast amount of time and thought, and considerable 
sums of money, and not to continue its work would 
have been wasteful in the extreme. It was necessary 
therefore to create a body of equal weight and author
ity to replace the former Committee. To accomplish 
this, the AMERICAN WELDING SOCIETY, organized 
mainly by members of that former committee, invited 
delegates from leading scientific societies and from de
partments of the Government acting not merely as 
individuals but as representatives of their respective 
organizations to come together with its own represen
tatives and form a permanent organization. This body 
became the AMERICAN BUREAU OF WELDING and its 
function, like that of its predecessor, is to establish 
and standardize the facts, conduct such researches as 
may be needed and thus furnish a sound basis for the 
development of an industry bound to be of the first 
magnitude. 

As welding enters into all the fields where iron 
and steel are used, an advance in it would mean an 
enormous increase in the productivity of the country. 
Welding has not developed as it should, for lack of 
such an authentic source of information. 

The AMERICAN BUREAU OF WELDING is the author
itative body to establish the facts. To make the most 
use of the facts, however, requires another sort of 
machinery and the organization that does this is the 
AMERICAN WELDING SOCIETY. Its function is not to 

supply the knowledge but to spread it and assist in 
putting it to practical uses. It is the Society, for 

instance, which publishes this Journal, which will push 
matters of importance to welding and which will open 
out new fields for its use. It holds regular meetings 
to discuss matters relating to welding, to act upon the 
recommendation of the Bureau and to initiate further 
activities. 

This division of the work, while it has created some 
confusion on account of the similarity of the names, 
is a logical one, and will be found effective in operating 
as was clearly indicated by the experience with the old 
Welding Committee. 

IT is an obligation of the community to open every
thing possible to the Men Disabled by the War. 

Therefore the AMERICAN WELDING SOCIETY takes 
this opportunity of explaining what welding has to 
offer. On the whole it has more than other trades, as 
disabilities are of less moment and are more easily 
made up for by artificial means. Furthermore, in 
welding, however much processes may be improved, in 
thelast analysis the sole dependence probably always 
will be placed upon the welder himself. He is the one 
who really knows what goes into the weld. So the 
moral quality of the welder, his conscientiousness and 
reliability, more than make up for physical deficiencies. 

For a man who is a skilled welder, two further fields 
are open — the first is that of inspector. In this work 
restrictions would count for comparatively little. Care 
and thoroughness would again be the chief require
ment. The second is that of the independent jobber. 
Since welding has been developing there is distinctly 
a place for the man with an all round experience who 
can go from place to place with his own equipment and 
work for companies that have not the facilities for 
doing their own welding. The equipment needed to 
conduct this business is a small auto-truck, carrying a 
complete welding outfit. Inasmuch as most of the 
materials needed for this are owned by the Govern
ment and are being disposed at a sacrifice, it should 
not be difficult to work out a plan with the Government 
to set up disabled men in this business upon easy terms 
of payments. 

The AMERICAN WELDING SOCIETY presents in this 
issue a plan for training, but as it would be some time 
before any of these men would desire a jobbing outfit, 
it would seem better to meet this problem when it 
arises. 
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Our Perspective 
By COMFORT A. ADAMS 

THE whole civilized world is in a state of fer
mentation. What is the cause? Some tell us 

that it is the war, but is this not a superficial explana
tion? Was not the war merely a stimulus or aid to 
the fermentation already started? The fact is that the 
work of the engineer has brought the ends of the 
earth closely together—has made the nations of the 
earth inter-dependent. This has made large combina
tions or organizations of all kinds not only possible 
but necessary. As yet the human race has not 
learned how to control the power of these enormous 
organizations, whether of nations, of capital, or of la
bor. We have not learned yet how to make them serve 
society and thus make the world a better place to live 
in. 

The great war is over but the spirit of war still 
prevails. The only difference is in the size of the 
units involved — whether they be nations against 
each other, organizations of capital against each other, 
organizations of capital against organizations of labor, 
or even a struggle between organizations of labor, each 
trying to raise its own head above that of the others. 

But how futile all this is, for it is nothing more 
than a struggle on the part of each group to get a 
larger share of the wealth produced by them all, a 
struggle to get up by climbing on the other fellow's 
back, to get something by taking it away from the 
other fellow. This kind of war is just as wasteful of 
time and energy as is the ordinary variety, and, more
over, it is going on all the time, whereas the ordinary 
variety has intervals of cessation. It can only result 
in a reduction in the total product of labor and there
fore in the average reward of labor. 

Moreover this kind of war almost invariably de
velops a habit of dishonesty and distrust, or at least of 
stretching the truth, which is one of the most vicious 
influences in otir business life. I do not refer to clean, 
wholesome competition. 

It is the simplest possible axiom, when we stop to 
think—and few people ever do stop to think—that the 
only way, in the long run, for labor as a whole to get 
more wealth, is for it to create more wealth, and the 
only way to create more wealth is to increase the pro

ductivity of labor, or, to use a much abused word, to 
increase the efficiency of labor, which means co-opera
tion on the one hand and the introduction of labor 
saving methods on the other. 

Just here is where the AMERICAN WELDING SOCIETY 
comes in, for one of its chief functions is to increase 
the application of welding, which is one of the greatest 
labor saving processes of the past few decades. Its 
predecessor, the Welding Committee of the Emer
gency Fleet Corporation, was animated in no incon
siderable degree with the spirit of co-operation, and 
it is the hope of the promoters of the Society that this 
spirit will be carried over. 

The field for further application of welding is 
enormous, but this further application is being de
layed by lack of complete knowledge of the art of 
welding, and by the utterly confusing and, in many 
cases, diametrically opposing claims of competing in
terests. These hindrances ought to be removed and 
they can be removed by the successful conduct of 
research work, and by a cultivation of the co-operative 
spirit which will permit a frank, open discussion of 
the merits of the different processes, and a reasonable 
agreement as to those merits. 

If you were a prospective user of welding and 
were' in doubt as to whether to use gas or electric weld
ing or neither, do you think that your confidence in 
either process would be enhanced by having its ex
ponents claim that it was the only safe and economi
cal one? How much more confidence you would un
doubtedly have, if you were told by the exponent of 
each, that in such and such fields the other was pref
erable. 

I am not setting forth impractical ideals, but rather 
the most common sense principles already found suc
cessful in many business fields, the application of 
which is bound to yield the best results for all con
cerned. 

Here then is our job, let us go to it with confi
dence, energy and enthusiasm, and let us remember 
that its successful completion will not only mean 
much to the welding industry, but that it will increase 
the average productivity of labor, and thus in some 
degree help to solve the greatest problem of this very 
critical period in the world's history. 
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A Theory of Metallic Arc Welding 
By R A L P H G. H U D S O N 

There are conflicting theories as to how the electric 
current acts in arc welding, and how it should be con
trolled. Such a controversy will exist until there is 
a thorough understanding of the fundamental prin
ciples of arc welding. Prof. Hudson's investigations 
on this subject show that the function of the electric 
current is apparently nothing more than to furnish 
heat in the form of the electric arc. The welding is 
accomplished by metal that is expelled from the elec
trode in the form of metallic vapor, and minute liquid 
particles which are shot across to the plate opposite at 
the rate of some fifty a second. The force that propels 
these particles is the pressure that arises from the 
sudden formaton of vapors and gases under the in
tense heat of the arc. Carbon monoxide is the gas 
mentioned, and the vapors are those of the lower melt
ing constituents of the electrode. The particles that 
strike fluid metal on the plate solidify with it; but 
those that strike solid metal either bounce off and are 
wasted, or adhere without fusion and are a cause of 
bad melding. One great advantage of maintaining a 
short arc lies in the fact that it secures a better con
centration of the projected particles within the fluid 
spot on the plate. 

I N the summer of 1918 the Welding Committee of 
the Emergency Fleet Corporation initiated an in

vestigation of metallic arc welding in which special 
attention was to be given to the determination of the 
cause and nature of the transmission of metal from an 
electrode to a plate. Although metallic arc welding had 
been employed successfully for a considerable period 
it was appreciated that its application was based upon 
empirical methods, and to make greater use of such 
welding in shipbuilding it was evident that its basic 
principle should be investigated as thoroughly as pos
sible so that inferior methods of metallic arc welding 
might be eliminated. The object of this paper is to 
present the results of an investigation of this character 
conducted in the laboratories of the Massachusetts 
Institute of Technology. 

It should be noted that at the beginning of this in
vestigation no satisfactory explanation had been given 
for the transmission of metal from electrode to plate. 
In downward welding the deposition of metal might 
be attributed to gravitational force but in upward weld
ing no such explanation could be offered. The fact 
that an electric current is employed in the process sug
gested the possible existence of forces of electrical 
origin which might pull metal from the electrode to 
the plate. Calculations of the magnitude of the elec
trical forces that may exist during metallic arc welding 

indicate that they are negligible and may therefore be 
eliminated as possible causes of the action. This view 
is further substantiated by the fact that satisfactory 
welding may be performed with current flowing in 
either direction or with alternating current and that 
such differences as may exist with different directions 
of the current may be explained by consideration of the 
relative heating properties of such currents at the ter
minals of an electric arc. 

In conducting this investigation the writer, following 
the suggestion of the Committee, first attempted to 
obtain a photographic record of successive phases of 
the welding arc by means of a high-speed motion pic
ture camera. The camera was specially constructed 
and when set up was found to operate satisfactorily at 
a rate of thirty-two pictures per second; the ordinary 
camera operates at sixteen pictures per second. One 
thousand feet of film were exposed with this camera, 
the character of the arc being varied by changing the 
direction of the current, length of arc, type of elec
trodes, etc. In photographing an electric arc of any 
kind the luminosity of the arc itself is so great that 
the other parts of the apparatus — electrode, plate, 
molten drops, etc., — do not appear on the film except 
as they may appear in silhouette against the arc. The 
films thus exposed therefore show only various shapes 
of the arc itself and an occasional view in silhouette of 
the electrode and plate. Since motion picture nega
tives are necessarily small in area, a full size reproduc
tion here would be of little interest and it was found 
that magnification of the film pictures only disclosed 
their silver grain structure without adding to the 
detail. 

The principal use made of these films by the writer 
was to examine them one by one with a low-power 
microscope with transmitted light. A systematic exam
ination of sixteen thousand pictures in this manner 
disclosed certain important features mentioned later 
Although the photographic difficulties were evident, 
the writer decided to take further magnified pictures 
of the arc with a short exposure focal plane shutter. 
A camera was set up which would magnify the arc 
about eight diameters. Instantaneous photographs of 
the welding arc obtained with this camera suffered 
from the same domination of the plate by the arc to 
the exclusion of all other phenomena. 

While focusing this camera it was realized, however. 
that more could be seen with the eye on the ground 
glass than could be obtained photographically or by 
direct observation through dense glasses, and the writer 
therefore began an extended study of metallic arc phe
nomena as seen in magnified form on the ground glass. 
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With this device the action of the arc could be exam
ined without screening the eyes and with the further 
advantages offered by magnification and observation 
of the action in its true color. 

When an arc is struck between a steel electrode and 
a steel plate the end of the electrode and a spot on the 
plate are heated to a high temperature and metal is 
transferred from the electrode to the plate. The elec
trode is heated to a higher temperature than the plate 
because the heating action of the arc is more concen
trated in the case of the electrode and because the 
heat conduction away from the hot spot is greater in 
the case of the plate. An analysis of steel electrodes 
usually reveals the presence of at least ten elements: 
iron, carbon, manganese, copper, sulphur, phosphorus, 
silicon, oxygen, nitrogen, and hydrogen. Since the 
melting points and other thermal constants of these 
elements and their compounds vary-widely and their 
chemical affinities are quite different, it is to be ex
pected that the constituents of an electrode subjected 
to a high temperature will change from solid to liquid 
or gaseous form successively and not at the same in
stant. Since the melting point of iron is higher than 
that of any other constituent of an electrode with the 
exception of carbon, which combines rapidly with oxy
gen at welding temperatures to form carbon monoxide, 
it is furthermore to be expected that in the welding 

process the iron constituent of the electrode will melt 
last. 

The thermal changes just described are known to 
take place during the application of heat to any com
plex substance. In metallic arc welding the tempera
ture changes which take place differ, however, to a 
marked degree from the changes incident to the usual 
methods of heating metals in that a small mass of the 
electrode in welding is subjected to a high temperature 
for a very short interval of time. The distinctive ther
mal feature of metallic arc welding is then the sudden 
rise and fall of temperature in the metal transmitted 
to the plate. Under the circumstances it may be seen 
that the melting of the iron is delayed by the heat ab
sorbed by the other constituents of the electrode and 
that this fact together with the limited time of ap
plication of high temperature disproves the possibility 
that the iron is completely vaporized in the welding 
process. When a projectile is fired from a large gun, 
for example, the initial temperature of the gas behind 
the projectile is believed to range between 3000 and 
4000 degrees Centigrade. Although this temperature 
greatly exceeds the melting point of the material of 
the projectile, there is little .evidence of melting on 
the surface of the projectile because the projectile is 
not heated by the adjacent gas for a period long 
enough to melt its surface. 

FIGURE 1.—Effect of length of arc upon the size of the electrode globule. At the right, a 
globule developed with a very short a rc ; in the middle, with a moderate length of a r c ; 'a t 
the left, with a very long arc. These are A " electrodes magnified 6.8 diameters. The current 
strength in each case was 100 amperes. Each globule contains a cavity; in the smaller 
globules, the cavities are usually open, and resemble small drill holes, while in the larger 
ones they are usually closed and are surrounded by a thin skin of metal. 
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FIGURE 2.—The surface of an electrode on the interior elec
trode end of a large globule. The pitted surface suggests 
irregular fusion of the electrode due to different temperatures 
of fusion, vaporization and chemical combination of the in
gredients under the influence of rapid changes in temperature. 
Particles may be seen under magnification to emerge from 
these cavities during welding. The magnification is 9.6 
diameters. 

An increase of temperature in most materials is ac
companied by a marked increase in volume and in 
chemical changes resulting- in the formation of gases 
the reaction is usually accompanied by an immense 
change in volume. While various changes in volume 
may take place among the constituents of the elec
trode during metallic arc welding, the greatest pos
sibility for such expansion may be found in the for
mation of carbon monoxide. It is therefore to be ex
pected that a globule will be formed by such expansion 
on the end of the electrode during welding. Typical 
electrode globules developed in this manner by various 
lengths of arc during the welding process are shown 
in Figure 1. Each globule contains a cavity which 
may be seen clearly during welding on the ground 
glass of the camera described above and is also pres
ent in the cold contracted globules shown in the figure. 
In the smaller globules the cavities are usually open 
and resemble small drill holes, while in the larger 
globules the cavities are usually closed and are sur
rounded by a thin skin of metal. 

An electrode globule maintained in continuous con
tact with the plate to prevent the formation of the 
glaring arc and heated by a heavy current may be 
seen under magnification on the ground glass to ex
pand and blow out minute particles at high velocity 
from the thinnest side walls, a contraction of the 
globule occurring after each expulsion of particles. 
The particles appear to originate in the inner elec
trode surface of the globule. If the globule is sud
denly detached and the arc interrupted at the same 
instant in ordinary long arc welding, the inner elec
trode surface of the globule presents the appearance 

shown in Figure 2. The pitted electrode surface sug
gests irregular fusion due to different temperatures 
of fusion, vaporization and chemical combination of 
the ingredients under the influence of rapid changes 
in temperature. 

Owing to the complex structure of the electrode, it 
is not easy to determine the exact nature of the vapor 
content of the globule. That the vapor consists partly 
at least of carbon monoxide gas is suggested by the 
fact that such globules do npt form in general when 
the end of the-electrode is heated in a reducing (de
oxidizing) atmosphere. It is also found impossible to 
weld with an electrode containing practically no car
bon in a reducing atmosphere. In welding under water 
it was observed that bubbles of gas rise continuously 
to the surface of the water and burn, indicating the 
possible dissociation of the water with the absorption 
of oxygen by the electrode and the rejection of hydro
gen to the surface of the water. After a globule had 
been maintained for several minutes at high tempera
ture in contact with a plate in air, it was observed that 
all expulsion of particles ceased. It may be inferred 
from this that all of the vapor forming constituents of 
the globule had been burnt out. 

An examination of the motion picture films which 
show successive views of the arc, each with 0.0005 sec-

FIGURE 3.—A photograph of the dust which accumulates 
around the work during metallic arc welding. The magnifi
cation is 20.7 diameters. This dust consists of projected par
ticles which solidify without fusion with the plate and in 
many cases become connected to other particles forming 
chains. It will be observed that in general the projected 
particles are almost perfect spheres. They may be crushed 
easily as the interior is usually hollow. 
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FIGURE 4.— Metal projected from a hot electrode globule to a cold electrically insulated 
plate when an incandescent electrode is moved at a speed of four feet per second over the 
surface of the plate. The photograph shows only a small portion of the projected metal, 
the remainder being scattered beyond the region photographed, or having become detached 
from the plate together with some of the flaky oxidized surface. The magnification is 8.2 
diameters. 

ond exposure, reveal occasional protuberances on the 
electrode globule within the crater region and the 
paths of projected particles may also be seen silhou
etted against the arc itself. Tha t these phenomena are 
only found at intervals in examining the film is un
doubtedly due to the fact that such particles in the 
arc stream are rendered invisible by the luminosity of 
the arc and that such protuberances and projectile 
paths are only visible when they happen to screen 
the arc. The expelled particles found about the work 
when welding—the familiar bluish-grey dust of the 
welding room—or when collected under water are 
found to be spherical shells indicating that a portion 
of the vapor within the globule is carried away with 

FIGURE 5— A higher magnification, 16.7 diameters, of a nucleus 
of metal projected on a cold plate from an incandescent 
electrode globule. Metal is thus projected by heat effect alone 
at regular intervals with an average frequency of SO projec
tions per second. The actual diameter of such projected spots 
ranges from 0.01 to 0.0S inch. 

the projected particles. A photograph of these pro
jected particles, magnified 20.7 diameters, is shown 
in Figure 3. 

If the electrode while welding is suddenly swept 
across an adjacent flat insulated surface, small spots 
of metal are found on the surface at regular intervals 
over the surface traversed by the hot electrode. A 
photograph of a small portion of such a path is shown 
in Figure 4 and a more highly magnified view of one 
of the spots in Figure 5. The regularity of spacing 
of these spots when the differences are not magnified 
is quite striking. The same effect was observed by 
holding an incandescent electrode—just removed 
from ordinary welding—over the rim of a revolving 
iron wheel. It was determined in this way that the 
average frequency of projection was 50 per second. 
The duration of such projection was approximately 
one-fifth of a second; the projection terminating 
with the cooling of the electrode. 

I t would appear from the observed facts that the 
metal deposited during metallic arc welding is t rans
mitted in part at least in the form of minute particles 
which are projected from the electrode globule by 
the internal expansion of some vapor, possibly carbon 
monoxide. The expelled particles pass through the arc 
too rapidly to become vaporized and reach the plate 
in a fluid state. If the expelled particles strike solid 
metal they either ricochet along the surface — which 
explains the accumulation of iron dust in the welding 
room—or flatten out without fusion, the most common 
cause of poor welds. If the particles strike a fluid 
metal they penetrate the fluid and solidify with the 
molten surface of the plate. 

I t is a well-established fact that the best welding 
is obtained with the shortest arc and the worst weld-
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ing with the longest arc. It will be noted in Figure 1 
that the size of the electrode globule also increases 
with the length of arc, the best welding being ob
tained with the smallest globule. A small globule im
plies greater concentration of projected particles in 
the direction of the opposite fluid spot. In downward 
welding a large globule becomes elongated by gravity, 
the lower part of the hollow globule becomes thickened 
by downward flowing metal, the side walls become 
stretched and thinned, and particles are projected 
wastefully through the side walls at right angles to the 
arc. The globule as a whole frequently breaks away 
from the electrode and drops without fusion on the 
plate. Electrode ends rejected by a welder and pre
senting the appearance shown in Figure 2, or the large 
globule in Figure 1, constitute substantial evidence of 
ineffective long-arc welding. In upward welding a 
large globule tends to fall to one side or the other by 
gravity and prevents the efficient projection of metal. 

Any material which serves to increase the melting 
point of the surface of an electrode must, in accord
ance with the stated theory, improve the conditions 
under which particles are projected from the elec
trode globule. The cup shaped surface formed at the 
end of such an electrode will reduce the amount of 
indirect projection of particles to a minimum and the 
increased stability of the arc will reduce the difficulty 
of manipulation of the electrode, since the length of 
arc may be varied over a greater range without in
terruption. It would appear that most of the coatings 
suggested for electrodes perform the function of 
cooling the surface of the electrode by vaporization 

and in some instances, owing to the rapidity of the 
action, remain in a fluid condition about the sides of 
the electrode globule. It should also be noted that 
since iron oxide (rust) has a higher melting point 
than steel, that rust should not be removed from 
electrodes and that rusty electrodes will usually work 
better than bright clean ones. In many cases the out
side layer of bare electrodes may be changed by 
drawing and heat treatment so that it has a higher 
melting point than the interior. The ideal electrode 
would have a high melting point shell—tungsten for 
example — surrounding a lower melting point interior 
containing sufficient vapor forming constituents to eject 
metal constantly when heated by the electric arc. 

The writer would suggest certain promising subjects 
for further study. First, a determination of the 
character of the vapor found in an electrode globule. 
Second, a determination of the best surface material 
for electrodes; first cost and effect on the finished weld 
to be considered. Third, the effect of welding in a re
ducing flame upon the character of the weld. The 
writer has found that such a weld is more ductile and 
reveals less formation of nitride. Fourth, an investiga
tion of the value of welding under water as in the 
case of ships, tanks, etc. Fifth, the use of materials 
other than steel in metallic arc welding. It will be 
noted, for example, that the zinc constituent of brass 
under the influence of a rapid increase in tempera
ture may melt and vaporize before the copper con
stituent begins to melt. If the theory outlined above 
is correct, it would appear quite probable that satis
factory welding could be done with brass electrodes. 

Plan for Men Disabled by the War 

The directors of the AMERICAN WELDING SOCIETY, 

at their meeting on September 26, 1919, passed the 
following resolution: 

"That the AMERICAN WELDING SOCIETY rec
ognizes the obligation of the community to the 
men disabled by the war, and, in the field of 
welding, will endeavor to translate this recogni
tion into a specific program of assistance; that 
its earnest desire is to work out a plan that will 
be practical, and from which these men may 
benefit." 
Conforming to this resolution the Society presents 

the following as the beginning of such a plan: 
In the first place there should be a clear under

standing as to the extent of the disability permissible 
to a welder. Good eyesight in both eyes is essential. 
For metallic arc welding, gas cutting, and carbon arc 
cutting, a man should have good use of at least one 
hand. For gas welding and carbon arc welding fairly 
good use of both hands is necessary or one hand 
good and one artificial. With regard to the legs, a 
man working in a shop or at a bench may have any 
combination of disability provided he is able to get 

about. But for work on a ship structure or work 
upon a staging he would be at a disadvantage unless 
he had the full use of both legs and both hands. 

This plan divides itself into two parts, the first 
relates to learning to weld. The members of the So
ciety have already agreed to keep twenty-five men 
continuously in training to become welders without 
cost. This number will increase as the plan becomes 
more generally understood and as more companies 
begin to train welders. The Society will aid in placing 
these men. Further details of this arrangement have 
not yet been worked out. Any disabled man desiring 
to learn to weld should communicate with the Secre
tary of the Society. 

The second part relates to the business of inde
pendent jobber. Before it could be recommended 
that a man go into business for himself, he must have 
shown a capacity for business and must have secured 
an experience in welding and a knowledge of the sub
ject far beyond that gained by him merely by becom
ing a competent welder. In such cases as may arise, 
where these requirements are fulfilled, the Society 
will assist in setting the men up in this business. 
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Gas Welding and Cutting During the War 
By H. SIDNEY SMITH 

WH A T gas welding and cutting did to help win 
the war in this country and abroad will prob

ably never be fully appreciated. An attempt to detail 
the ramifications of the metal industry vital to the 
conduct of the war, into which gas welding and cut
ting entered as an essential, would be to cover the 
entire field of industry. 

The mechanism of war in this age of steel is really 
a series of metallurgical problems, whether it be in 
the production of metals or in the construction of 

•!r!l 

FIGURE 1.—Cracked bed plate of hoisting engine. 

great guns and their carriages, bombs, hand grenades, 
torpedoes or airships, it is metal everywhere—metal 
in new and curious shapes and metal in all kinds of 
combinations. The ore must be mined, the metal pro
duced, formed, joined and severed. So with the out
break of the war all the metal working industries 
were stimulated in an unprecedented manner ; p ro
duction had to be doubled and tripled in the shortest 
possible space of time and oxy-acetylene was a solu
tion which made short cuts possible in construction 
and repair. 

Mining equipment and handling devices are at all 
times subjected to extremely rough usage and break
downs. In normal times plenty of spares are carried 
and broken parts can speedily be replaced, but during 
the war, in most cases, spare parts were unprocurable 
and as a result repair and not replacement had to be 
resorted to. There are innumerable instances on rec
ord of where the application of welding to the repair 
of an essential part prevented a complete suspension 
of work. The accompanying figures 1 and 2 are 
illustrative of the magnitude of some of these repairs. 

Figure 1 shows a break in the bedplate under the 
main bearing of a colliery main hoisting engine. 

Figure 2 shows the same bedplate after successful 
repair by the gas process. 

In the steel plants, rolling mills, and foundries 
equally important work was carried out, and it may 
not be out of place to describe a few specific instances 
illustrative of the work. 

A welding company in Cleveland in 1918 made re
pairs on the cylinders of blowing engines used in steel 
plants in Ohio, where the fractures were 20 to 40 feet 
long in three inch metal. W o r k of this magnitude has 
to be carried on by shifts, in order that when once 
started it shall go on continuously until finished. The 

m 

FIGURE 2.—Same bed plate welded. 

actual welding time on these jobs was 48 to 68 hours. 
An idea 'of the aid of these repairs to productivity is 
better appreciated when it is known that from three 
to six months would have been needed to obtain spare 
parts to replace the broken ones, while the repairs 
made by the oxy-acetylene process were only equiva
lent to a three hours ' shut-down of the plant. 

Another important piece of repair work was an 18 
by 40 inch fracture in the 70 ton frame of a bull
dozer used for shell piercing. The machine was only 
out of operation 48 hours , while replacement would 
have taken 40 days. In this case a 38 day output of 
shells was made possible, at a time when a maximum 
shell production was of vital importance to success 
in France. 

In another instance repairs were made to the low 
and high pressure cylinders of a large rolling mill 
engine at one of the leading steel plants. The low 
pressure cylinder, shown in Fig. 3, was 5 ' 10" bore, 
weighing 15 tons, and had cracks in the flange and 
bore totaling 22 feet in length, in metal 2^4 to 3-Hs 
inches thick. The actual time taken to chip out the 
cracks, preheat and weld, was 72 hours. The high 
pressure cylinder had cracks totaling 4 ' 6 " in length 
in metal up to 6 inches in thickness. These were pre
pared and welded in 18 hours . Seven days were taken 
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to complete the whole job. It was estimated that the 
repair cost about one-third of the cost of a new cylin
der. This is quite a consideration, but insignificant 
as compared to the real saving effected when account 
is taken of the fact that the repairs prevented the 
laying off of some 350 trained men who would not 
have been available again when new cylinders had 
been procured, and also prevented the loss entailed 
by cessation of production. 

In some cases machinery designed for the produc-

oxy-acetylene in shipyards again essential. A multi
tude of new uses in the construction of ships were 
found and in repairs to marine boilers and other ship 
parts the savings effected were enormous. In fact, in 
many cases they were as high as SO per cent in time 
and cost over old methods. Some idea of the multi
tudinous uses to which gas welding can be put in ship 
construction may be gathered from a perusal of the 
lists of parts permitted to be welded as issued by 
Lloyds and the American Bureau of Shipping. In the 

m 

I 

Ft 
FIGURE 3.—Low-pressure cylinder of rolling mill engine being repaired by welding. 

tion of peace time products had to be altered for the 
production of munitions. This was aided by gas 
welding. Fig. 4 illustrates the adaptation of a direct 
driven machine for use in a belt driven plant. Here 
the pedestal for a pulley bearing is seen ready for 
welding. 

Transportation is a fundamental in the successful 
conduct of a war and during the hard winter of 1917, 
when the railroads were at their wits end to keep 
equipment in running order, and when new equipment 
was practically unprocurable, the use of acetylene in 
the railroad shops and in the maintenance of way 
added enormously to the efficiency of the roads. 

Follow transportation to the high seas and we find 

shipyards the angle-smith of today has little to do but 
bend to shape the material he is working, as gas per
forms most of the cutting and all the welding is per
formed by the gas or electric processes. To a great 
extent the acetylene blowpipe has supplanted charcoal 
and oil for heating bent frames, shell plates, stern 
posts, and other parts under repair. The blowpipe 
was probably the most important factor employed in 
speeding up ship production. It was universally em
ployed for shaping plates and cutting the many holes 
necessary in decks and bulkheads for smoke-shafts, 
up-takes, pipe-runs, etc. 

Gas welding and cutting was an element of extreme 
importance in converting passenger and cargo vessels, 
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as, for instance, when the Great Lakes' boats were 
requisitioned for Atlantic service they were cut in 
two by gas so that they might pass the locks. 

At the time the interned German ships were taken 
over by the Government and found to have had their 
cylinders and other engine parts maliciously damaged, 
welding was resorted to as a most effective means to 
get the ships into commission quickly. Here acetylene 
welding played a part of extreme importance and the 
most intricate welding operations were conducted with 
certainty in result. 

Much valuable repair work was done on Lake 
steamers and while some of this work was being car
ried out it was clearly demonstrated that extensive re
pairs could be made on marine cylinders "in situ" 
which was quite contrary to prevailing ideas in the 
minds of most engineers. Vertical welding had 
also at times to be resorted to, and this is another 
phase of the art which many had thought to be im
possible in welding of cast iron. Non-ferrous metals 
enter very largely into the construction of certain ship 

FIGURE 4.—Lathe adapted for belt drive. 

parts and fittings and in the repair of such parts gas 
welding held undisputed sway as the best means to 
accomplish the desired end. In this line of endeavor 
some of the most valuable work was done on pro
pellers in building up new tips and edges on blades. 

Having followed transportation over the seas, next 
consider it at the front. Vast quantities of gas welding 
and cutting equipment, including plants for the genera
tion and compression of acetylene and oxygen, as well 
as enormous quantities of cylinders, were shipped 

abroad so that welding could play its part in the im
portant work of keeping the transport system, which 
supplied our Army, in a state of efficiency. At the 
base repair shops much extremely valuable work was 
performed and tens of thousands of cylinder blocks, 
crank cases, frames, transmission cases and other 
parts too numerous to mention were made fit for ser
vice. Not only was gas welding employed at the base 
shops but each U. S. Army in France was provided 
with some 220 machine shop truck units and each of 

FIGURE 5.—A mine. Equator seam welded. 

these was provided with gas welding requisites. The 
work performed by these mobile repair units with gas 
was of incalculable value. Some of the most valuable 
work carried out in France was performed by the 
railroad units and it is frankly admitted by returning 
officers that if it had not been for gas welding there 
would have been a serious shortage of railroad equip
ment. Private Matousek, a welder, received the Dis
tinguished Service Medal for repairing, in four hours 
at Nevers, locomotive cylinders which otherwise would 
have been idle for weeks. 

Welding work in France rallied for the services of 
a small army of all-around welders and naturally such 
men in the quantities required were not to be found 
amongst the enlisted men, for statistics show that in 
each 10,000 men drafted into the Army only seven men 
were welders. This small percentage was due to the 
fact that a majority of welders were exempted as es
sential factors in this country in maintaining the mili
tary establishment. The few drafted were not suffi
cient to meet the situation and consequently each 
branch of the Army started welding schools and 
quickly trained large numbers of men. The industry 
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was of considerable help in this work and trained 
thousands of men to meet the emergency. 

In the manufacture of engines of warfare gas weld
ing was also extensively used. The mines, which 
formed an endless chain across the Nor th Sea, pre
venting the passage of the submarines, had a ten-foot 
gas weld at the equator seam of each. Fig. 5 shows 
the mine completed. The welded joint may be faintly 
seen. Consider what a difficult problem the con
struction of a metal body of this shape and size would 
have been if any other form of joint -
had been resorted t o ; weeks of time 
in closing the sea were saved by gas 
welding when every day meant ships 
lost. 

The depth bomb, undoubtedly the 
most effective offset to the German 
submarine, was almost entirely as
sembled by the use of gas. Longi
tudinal and circumferential seams 
and all bushings were welded, as also 
was much of the interior mechanism. 

When the Allies were forced to 
meet gas with gas and lethal mixtures 
were developed to the extent that even 
the minutest mixture with air or a 
drop on the human body was abso
lutely deadly, it is very apparent that 
the apparatus for the manufacture of 
these frightful substances and the 
containers in which they must subse
quently be transported must of neces
sity be absolutely gas-tight. In this 
field of such vast importance not only 
to our own men but so essential to 
the destruction of the enemy, the gas-
welded joint was apparently the only 

one upon which complete dependence •—:—:—•—: 

could be placed, and the confidence 
that responsible authorities had in the soundness of 
the gas weld was significant. Figure 6. Possibly the 
successful production of these poison gases, the enor
mous potentialities for production on a large scale and 
the actual shipment of vast supplies—facts known to 
the enemy—were factors in the hastening of the armis
tice. Oxyacetylene, therefore, undoubtedly played a 
part of pr imary importance in hastening this program 
and making it more ominous to the enemy. 

In the construction of airplanes gas welding found 
a vast field of usefulness. The world-famed Liberty-
Motor had many gas welded parts . The Packard 
Company in a very interesting communication to the 
International Acetylene Association gives the follow
ing table showing the amount and nature of welding 

The welding work on Liberty Motor parts consisted 
almost entirely of sheet metal welding and experience 
has shown that this class of welding requires mor^ 

No. of 
Welds Method 

2 Acetvlene 
2 " 

1 

2 
2 Arc 
2 Acetylene 
2 
1 

Name of Part 

Water Intake and Outlet 
Inlet and Exhaust Valve 

Cages •» 
Bottom circumference of 

water jacket 
Spark Plug Holes 
Inlet and Exhaust Flanges 
Valve Stem Guides 
Camshaft Stud Holes 
Vertical Seams 

Inches 
Welded 

4i 

8 

4 
7 
4 
31 

Total 

9 

16 

27 
8 

14 
8 
7 

28 

117 

*£*? 

• • • : • . : ' : . r • . . 

FIGURE 6.—Making the poisonous gas containers. 

skill than does plate welding, yet the Packard Com
pany found that they were able to train welders in 
their welding school in from two to three weeks for 
production work and in no case did the training period 
exceed six weeks. The majority of the Liberty Motor 
welding at the Packard plant was done by young girls 
and women and the quality of the work was astonish
ingly good as compared with the best efforts of the 
enemy in the corresponding welds in German Mercedes 
engines. 

In conclusion it may be said with certainty that 
without the gas blowpipe no nation could with com
plete success conduct modern warfare and that the 
reasons were multitudinous in justification of the Gov
ernment 's action during the war in giving the highest 
priorities to ensure production of all gases, apparatus, 
and materials necessary to permit the employment of 
an art so important and essential. 
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Repairing a Lighthouse 
By JAMES H. 

Thermit is the recognized scientific name for the 
mixture of aluminum and iron oxide which, when ig
nited, will support its own combustion and yield iron 
at a temperature far above its melting point. 

D URING the arctic winter of 1917-1918 when 
zero weather paid frequent visits even to the 

Carolinas, a most unusual accident happened to Wade 
Point Lighthouse, which is situated one mile from the 
shore in Albemarle Sound, N. C. A photograph of 
this lighthouse is shown on the cover. 

NATURE OF THE LIGHTHOUSE INJURY 

A large ice-floe which had been formed in Albemarle 
Sound became detached by a terrific gale and was 
driven with great force against the five cast iron 
columns which supported the Lighthouse superstruc
ture over a depth of nine feet of water. So great was 
the bulk of ice piling upon one side that all the columns 
were bent through an angle of about 20 degrees and 
broken. The preliminary bending had pushed the 
lighthouse structure about 4 ft. off the center. 

Figure 1 shows the break in one of the columns. 
Fortunately the strong iron tie rods underneath 

which held the supporting frame together prevented 
the lighthouse from collapsing. Although the lower 
part of the broken column had been thrown over into 
a slanting position the upper part of the structure in
cluding the lighthouse proper remained vertical in 
spite of being offset. 

REPAIRING METHODS 

The Lighthouse Service was unable until recently to 
undertake any repairs on the lighthouse. During the 
first 15 months after the accident no one lived at the 
light, the lamp being lit by constant visits from shore. 
At the end of this period a temporary repair Kas made 
by driving wooden piles and placing supports under
neath the structure. 

When the question of making permanent repairs 
was under discussion, two plans were considered, one 
for rebuilding the station along its original lines and 
the other to transfer the present superstructure to a 
concrete caisson placed close by and secured to the 
site by piles driven through the bottom of caisson, the 
structures in both plans to be heavily riprapped. The 
cost of repairing the lighthouse by the reconstruction 
of piling was estimated by the Lighthouse Service at 
approximately $13,000, while the cost of a completely 
new substructure, upon which the present superstruc
ture could have been moved, was estimated at approxi
mately $30,000. But Kids received in both cases were 
so excessive that it was decided to repair the columns 
of the old structure by Thermit Welding. 

DEPPELER 
To those who are unfamiliar with the Thermit pro

cess, it may be explained that Thermit is a mixture of 
aluminum and iron oxide. This mixture can be 
ignited by means of special ignition powder and pro
duce a chemical reaction which results in superheated 
liquid steel and slag (aluminum oxide), at a tempera
ture of approximately 5000 deg. Fahr. This Thermit 
steel is sufficiently hot to melt and dissolve any metal 
with which it comes in contact and amalgamates with 
it thus forming a solid homogeneous mass when cool. 
In making welds by the Thermit process the parts to 
be united are surrounded by a mold and the sections 
heated red hot by means of a special preheater, after 
which the thermit steel is poured into the mold. 

FIGURE 1.—All the cast-iron columns that support the light
house were broken. This is one of the breaks. 

Owing to the isolated situation of the Lighthouse all 
welding materials plant and working party were trans
ported from Norfolk, Va., by a small steamer which 
was moored by the Lighthouse during the welding 
operation and served as quarters for the repair men. 

JACKING UP THE LIGHTHOUSE 

The first operation consisted in jacking up the super
structure in order to remove the weight from each 
column successively, as it was being welded, also to 
control the allowance for contraction of the weld. As 
the jacks on hand proved to be too light to support the 
lighthouse it was necessary to obtain a 50-ton ratchet 
jack from Elizabeth, N. C, the nearest available place. 

The lighthouse was jacked up as follows: two 8" x 
8" timbers were laid side by side near the corner of 
the house and across the top of the iron tie rods which 
connected the columns together. The jack was set on 
these timbers and on the head of the jack was placed 
a wooden structure 10".x 10", which in turn supported 
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an oak cross beam on which IS" I-beams supporting 
the lighthouse rested. T o prevent sideplay when the 
jack was raised, the s tructure had to be further secured 
in place by means of chains. This structure above the 
jack was lifted during each weld so that the upper 
part of each broken column was raised 3/16" as an 
allowance for contraction. The jack was lowered 
gradually during the first and second hours after pour
ing each weld until the column finally supported its 
entire original weight. 

Having jacked up the column the next step was to 
cut out about a ll/2" gap between the broken sections, 
to allow space for the Thermit steel to enter. Since 
in each case the inclination of the lower part of the 
column had already provided a sufficient gap half way 
through this section (except in one case where the 
column had snapped back into place) , it was only 
necessary to drill a series of 3 3 /8" diameter holes each 

out with hammer and chisel the metal remaining be
tween the line of holes and the break. 

CONSTRUCTING T H E MOLD 

As the columns were hollow with* 13/2" thick walls, 
the interior had to be filled with molding and facing 
sand for the steel mold, for a depth of from three to 
five feet below the weld at which point a flange ex
tended horizontally through the columns. Firs t it was 
necessary, however, to remove about 2 ft. of water 
which had collected in these spaces through rise and 
fall of the tide in order to prevent steam from being 
formed from the heat generated by pouring the molten 
steel in the weld, and injuring the mold. An oval hole 
2" wide and 3" long was therefore drilled out of the 
column about 15" above the break and the water re
moved through this hole. 

FIGURE 2.—Pouring the Thermit steel. 

yi" apart by means of an electric drill with 
supplied from a dynamo on the steamer, then 

power 
knock 

FIGURE 3.—One of the completed welds. The columns were 
purposely left offset. 

Packing the molding sand inside the column was 
also a slow performance as the ramming had to be 
done with a bent rod inserted through the hole without 
the interior being visible to the operator, whose work
ing facilities were cramped by the peculiar construc
tion of the lighthouse, and consisted at times of onlv 
a board suspended by ropes from a railing about as 
shown in Figures 2 and 3. When the upper section was 
rammed up, rope was wrapped around the break to 
prevent escape of sand. Facing sand was inserted for 
6" above and 6" below the break. After the column 
was rammed up to a height of 1 ft. above the break, 
the sand at the break was removed with a trowel and 
yellow wax applied to form a pattern for the mold. 
This wax, which is later melted out, preserves the 
space to be occupied by the thermit steel. The wax 
was inserted l1/?" inside of both upper and lower sec
tions and shaped around the outside of the break in 
the form of a tapering collar 6" wide and % " thick at 
its center. In constructing a mold box the base con
sisted of two plates fitted around the column and sup
ported partly by tie rods and partly by 3 knee-irons 
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bolted to the column. The mold box was 18" deep, 24" 
wide and 36" long, its length being supplied in order 
to project under a crucible. The pouring gate pat tern 
was set diagonally outwards while two heating gate 
patterns were placed horizontally against opposite side 
of the wax pattern in order to give proper circulation 
to the preheating flames. 

Four wooden riser patterns consisting of wooden 
blocks 10" long and of iy2" x 3" sections were inserted 
with bevelled edges against the wax pattern and slant
ing upwards and outwards. Additional riser patterns 
in the form of small pieces of wood 1%." thick and 1" 
wide were placed against the column vertically above 
the wax for the purpose of preventing the walls above 
the weld from sloughing away, also to afford escape of 
gases. 

The sections are preheated by means of 2 kerosene 
torches supplied with compressed air, from apparatus 
on the steamer. The object of preheating was to heat 
the adjacent sections to a temperature sufficiently high 
to provide a more uniform contraction when the weld 
cooled. The preheating took in each case from 2*<4 to 
3 hours. 

POURING THE THERMIT STEEL 
The lighthouse was amply protected from any pos

sibility of catching fire during the repairing by shield
ing all exposed parts in the house with asbestos sheets. 
The crucible used for the reaction was supported on 
a tripod, the feet of which rested on the temporary 
wooden staging. The welds required from 125 to 175 
lbs. of Thermit , according to the size of opening cut 
out, making a total of 750 lbs. for the 5 columns. 
Figure 3 shows the completed weld. When the 
crucible was set securely in place over the pouring gate 
of the mold, the ignition powder which lay on top 
of the thermit in the crucible was ignited and the ther
mit reaction thus started. In spite of the intense heat 
of the reaction no injury occurred to the lighthouse 
structure. Each weld was allowed ample time to cool 
after which the mold box surrounding the weld was 
dismantled and the excess metal left by the pouring 
and heating gates and risers was cut off. 

It will be noticed in the illustration that the columns 
were welded together in their leaning position, no at
tempt having been made to straighten them, as it was 
impossible to force the piles back to their original 
position and the cast iron columns could not be bent. 

The actual time consumed in making the 5 welds 
was a little less than 3 weeks. 

The Effects of Heat on Iron 
An Abstract of a Few Secrets 

By GERALD. 

The subject of Metallurgy is so thoroughly involved 
in welding that a statement of its elementary principles 
•will be useful to welders. The reader may desire to 
refer to the amount of carbon in commercial steels, 
which is as follozvs: 

Carbon 
Welding wire and welding 

electrodes contain .02 to .40% 
Wrought iron .02 to .05% 
Ordinary plate (tank steel) .15 to .18% 
Structural steel .20 to .25% 
Ship plate .20 to .30% 
Destroyer plate .25 to .35% 
Cast steel .20 to .30% 
Cast iron 2.75 to 4.00% 

W E live in a world in which certain conditions of 
the atmosphere and the elements surrounding 

our daily existence are entirely -familiar to us. F rom 
force of habit we are likely to forget that if it had 
been planned that we could live under a different range 
of temperatures, all the familiar objects of our daily 
existence would have existed under entirely different 
forms. 

Fo r instance, if the normal temperature had been 
about 2700 degrees Fahrenheit instead of about 60 
degrees Fahrenheit and we had been constructed so 
that we could comfortably endure that degree of tem-

*By permission of the 

of the Metallurgist Simply Told* 

W. HINKLEY 

perature, we could have gone sailing on a sea of molten 
iron, in boats built of plumbago crucibles and oars 
made of silica brick. Under these conditions we could 
place frozen lumps of our sea of iron in our ice boxes 
for refrigeration. Flatirons and stove lids would 
therefore have been the products of the ice man. The 
water with which we are now familiar, of course, 
could not exist in its liquid form, or even as steam, 
but instead as a highly gaseous state, which we would 
probably have been called upon to breathe. 

If we can imagine ourselves therefore as existing 
under the relative conditions described above, which 
once were the natural conditions of the earth and un
doubtedly are now of some other world, we can under
stand more clearly the forms of iron and steel that 
differ from those with which we are at present familiar. 

One of the first physical changes which we would 
discover would be that when we desired ^ " f r e e z e " 
our iron water, we could do so much more easily if it 
were in an absolutely pure state than we could if it 
were mixed with some other element, such as carbon. 
Of course, we have long known that this is the case 
with water and salt, and just as it becomes harder and 
harder to freeze water with greater and greater per
centages of salt mixed with it, so the freezing of iron 

Dunkirk Publishing Co. 
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with greater and greater percentages of carbon mixed 
with it, would also occur at lower and lower tempera
tures (i. e., the melting point is lower). 

If we started to add salt to a pail of water, we, of 
course, would have different strength of brine. ' Just 
so with the addition of carbon to a crucible of pure 
iron, we would likewise have different degrees of the 
resulting mixture. Finally in adding the salt to the 
pailful of water, we would arrive at a point where the 
water had absorbed all of the salt which it was capable 
of holding at the temperature. If we had added a 
little less salt we may consider for the sake of the 
analogy that we would have had free water in excess 
of salt, and if we had added a little more salt it would 
have been impossible for the water to have dissolved 
it, and we would, therefore, have had salt in excess of 
water. 

For convenience we will call the mixture at which 
the water becomes thoroughly saturated with salt, 
"cementite," because this is the name the metallurgists 
have given to a similar mixture of iron and carbon. 
They call the water "ferrite," the salt "carbide," and 
the resulting mixture of brine "cementite." This 
mixture always exists as 93.4% iron and 6.6% carbon. 
It is a chemical compound, carbide of iron, and is ex

pressed by the symbol FesC. Now let us go back to 
the brine solution and suppose that we added a little 
more salt than the water could absorb and bring this 
mechanical mixture to such a low temperature that it 
would freeze. We should then find a new compound 
which is regarded as a separate and distinct constituent 
of steel, and takes the name "pearlite" from its pearl
like appearance under the microscope. Pearlite con
tains approximately 0.9% carbon and consists of inter-
stratified layers or bands of ferrite and cementite. 
[NOTE :—The analogy is not exact here. Fig. 4 shows 
better how the cementite and the pearlite exist in a 
piece of steel.] 

Let us now amuse ourselves for a while by running 
through a little experiment with a piece of steel con
taining 0.9 carbon. For our investigation we will also 
need a special kind of thermometer for measuring high 
temperatures. Such an instrument is known as a 
"pyrometer." Now we will drill a little hole in the test 
piece of carbon steel and after inserting the "couple" 
of the pyrometer into it, place the same in the electric 
furnace. 

As the current is turned on, the test piece grows 
warm, then hotter and hotter, gradually up through a 
range of temperatures, which are continually recorded 

Pfe 

FIGURE 1.—Steel containing 0.11% carbon, 
light portion—Ferrite; dark portion—Pearl
i te ; magnified 500 diameters. 

FIGURE 3.—Steele containing 0.9% carbon, 
fine uniform Pearlite condition, magnified 500 
diameters. 

FIGURE 2.—Steel containing 0.37% carbon 
light portion—Ferrite; dark portion—Pearl
i te ; magnified 500 diameters. 

FIGURE 4.—Steel containing 2.0% carbon. 
dark portion—Pearlitic ; white boundaries— 
Cementite; magnified 500 diameters. 



Journal of the American Welding Society, October, 1919 ID 

by the needle of the pyrometer. 800, 900, 1,000, 1,200 
degrees Fahrenheit are uniformly reached, and the 
temperature of our test piece continues to rise, as the 
absorption of heat progresses. Suddenly, however, 
although the heating continues the needle of the 
pyrometer ceases to advance, and we note that it is 
pausing at about 1350 degrees Fahrenheit. Then after 
its pause, the advance is again resumed until the piece 
has become almost ready to melt. 

Now let us begin to cool off our test piece grad
ually. The temperature of the furnace is lowered and 
the range of cooling temperature is recorded by the 
ever sensitive needle of the pyrometer. Suddenly the 
test piece assumes a brilliant glow, and again the 
needle comes to rest, but this time we note that the 
recorded temperature is about. 1250 degrees Fahren
heit. Evidently there has been a certain tardiness or 
"lag" which has caused the phenomenon to take place 
a little too high going up, a little too low coming down, 
and in fact the metallurgists tell us that such is exactly 
the case, and that the real point in which we are in
terested lies just half way between the two points 
indicated, as we shall presently see. Figure 5 is a 
graphical representation of this action. 
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FIGURE 5.—The critical range in steel contain
ing 0.9% carbon is between 1,250° F. and 
1,350° F. 

It is natural to suspect that both of these points have 
something to do with the same thing, and for con
venience since we noticed that mysterious glow of the 
test piece just as the needle came to rest, we might call 
the particular point which lies just half way between 
the temperatures under discussion, the point of glow, 
or "recalescence," and the range between these two 
temperatures the "critical range." 

I suppose it would be difficult to explain this phe
nomenon of the test piece unless we imagine that as 
the critical range is reached some internal reaction of 
the steel causes it to spontaneously take on heat at the 
same temperature in the first place and give off the 
stored heat at the same temperature as the piece was 
aeing cooled down, and this heat caused it to glow as 
was noticed. Now if we were to experiment further 

with our piece while at the critical range, we would 
find certain other remarkable changes, one of the most 
noticeable of which is the loss of magnetism at and 
above the critical range. 

Irons and steels are usually the most magnetic mate
rials, but the attraction of the magnet is completely lost 
at or above the critical range. 

Let us just consider this phenomenon a moment 
We are told by the physicists that magnetism is in
duced in a piece of iron or steel by a rearrangement 
of the internal molecular structure, in which the posi
tive ions face one direction and the negative ions in 
the opposite direction. Therefore, if magnetism sud
denly ceases to exist it would seem as if something had 
happened to the "internal molecular structure" of the 
test piece. Thus when the critical point is reached we 
may conclude that something more than a mere absorp
tion of heat units has taken place. In fact we may 
really believe that an actual internal molecular revolu
tion has occurred and that some of the natural laws 
which formerly had governed all of these little mole
cules which go to make up the whole piece of steel 
have been overthrown and that the molecules are more 
or less free to set up a new form of government for 
themselves, and that, therefore, when a piece of steel 
is brought to this point it is really in a very sensitive 
condition. If we should care to investigate further we 
should find that certain other great changes take place 
at this critical point, such, for instance, as partial 
failure of the test piece to conduct an electric current, 
which formerly, of course, it did with great ease. Also 
when the critical range is reached, a peculiar contrac
tion of size interrupts the gradual expansion which 
had been developing as the test piece absorbed heat 
units, and therefore these several observations give us 
reason to believe that our conclusions as noted above 
must be more or less correct. 

Now if all steels acted exactly like the little test 
piece which we have been observing above as they 
were placed in the hardening furnace, it would not 
take us very much longer to finish our preliminary 
investigations. You remember the piece of steel which 
we have been investigating was a piece of simple car
bon tool steel, containing about 0.90% carbon. But 
all steels do not contain just this same percentage of 
carbon, and may also contain various elements other 
than carbon, all of which produce many and varied 
results during the process of heating, treating and 
hardening. 

Let us go through the same experiment with a piece 
of steel containing .45% C. Just as before, as the 
temperature 1250 degrees Fahrenheit is reached we 
note all the strange symptoms which are characteristic 
of the point of recalescence and then, just as we are 
about to decide that it is hardly necessary to go further, 
we notice that the pyrometer needle has again come to 
rest, but that this time it is registering 1390 degrees 
Fahrenheit. Therefore, it would seem as if this piece 
had two critical ranges instead of one. 
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Now let us take a piece of carbon steel as before, 
but this time containing .15% carbon, and again pro
ceed with our observations. Again the needle of the 
pyrometer records the point of recalescence and also 
the point designating the second range of critical tem
perature, but this time, strange to say, as the test piece 
continues to absorb heat, a third critical range is 
registered. 

By repeating the operations as outlined above, with 
pieces of steel containing various percentages of carbon 
from zero to 1.25% and by plotting the different criti
cal temperatures so obtained, we finally obtain a chart 
Figure 6, which graphically expresses the critical 
ranges of iron and steels due to the variation of the 
carbon content. 
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FIGURE 6.—The critical points in steels con
taining various amounts of carbon. 

Now, as we concluded before, it is evident that 
some internal change must have taken place in the 
steel itself, and as we know that the chemical content 
does not vary, it is further evident that the change 
must be of a physical nature, or as in the language of 
the metallurgist, an "allotropic change." 

There is one very fortunate circumstance connected 
with the passing from one of these allotropic changes 
to another, and that is that the effecting of one of 
these changes takes time. It does not take a very long 
time, however, for in some instances the change is 
affected in a very small fraction of a second, while 
rarely more than one or two seconds are required. 

Would it not be interesting if we had been so con
structed as outlined in the beginning of this little vol
ume ; that we could have withstood the high tempera
tures in which some of these very interesting changes 
occur, because we could then handle the steel, examine 
it and experiment with it at our leisure. However , 
such not being the case, we will have to derive some 
other means for "catching" the steel while it is in one 
of these interesting conditions, and then bringing it in 
its entrapped condition down to room temperature. 
H o w shall we do it ? Well, we remember that we said 
it took time to effect the changes under discussion and 
furthermore we remember that the changes can only 
take place when the steel is within the proper critical 
range. Therefore, if we could do something to lower 
the temperature of a piece of steel while in one of 

the critical ranges before the steel had time to. effect the 
usual allotropic change of form, we might be able to 
catch a piece of steel while in one of these unusual 
conditions, before it had really had time to get back to 
normal. 

Therefore, let us place a piece of . 9 % carbon tool 
steel in the heating furnace and bring it up to and be
yond the point of recalescence. Now, grasping the 
piece firmly in a pair of tongs with all possible speed 
we plunge it into a nearby pail of ice water, keeping 
the steel constantly in motion. Almost instantly the 
steel becomes black and within a few seconds is ac
tually brought down to room temperature. 

Now let us take the steel out and examine it. The 
act of tapping it on the anvil in order to knock off the 
surplus water gives us a hint that our test piece has 
undergone some sort of a change. Fo r now it rings 
with a bell-like clearness and gives the hammer with 
which we strike it a quick snapping rebound which' in 
itself indicates great hardness. Next, we test the piece 
with a hardened steel file with which we could easily 
have made a deep groove before we attempted the 
heating operation and to our surprise the file has as 
little effect as if it had been made of wood. And to 
our surprise on closer examination, we actually find 
that our test piece has scratched the file—surely it must 
be very hard. W e are convinced that some marked 
change must have taken place. Wha t can it be ? W h y 
it must be that due to the rapid cooling in the pail of 
ice water we brought the temperature of the test piece 
down below the critical range before the abnormal con
dition at which it existed while at and above the critical 
range had found time to change back to its former con
dition. And we remember that if one of these allo
tropic changes is going to take place at all, nature says 
it must do so while the steel is within the critical range 
and therefore having forced the steel through that 
critical range which separates one allotropic condition 
from another, before it had found time to effect its 
desired change, we managed to entrap the abnormal 
condition so that we could see it and feel it and get 
familiar with it at room temperature. 

N o w let us take our test piece to the grindstone and 
grind it down to the shape of a cutting tool. I t is 
necessary to resort to the grind stone, in order to get 
the desired shape, because of course, our test piece is 
far too hard to cut with any other metal. After having 
produced a tool of the desired shape and size, let us 
fasten the same securely into the carriage of a lathe, 
and then upon applying the cutting edge to a revolving 
piece of cast iron, or soft steel, or even to a piece of 
the very same grade of steel out of which the tool was 
made, only while it is still in the softened or annealed 
condition, we find that it is capable of easily and 
quickly cutting out a good sized ribbon of chips from 
the metal which is to be machined. 

However, we are soon confronted with a new diffi
culty, for as the cut progresses, our tool runs into a 
rough spot which causes it to tremble and chatter and 
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then suddenly our tool cracks in two in the middle and 
is at once completely ruined. 

It is evident that as we are able to increase the 
desirable element of hardness in a piece of tool steel, 
we also automatically increase the undesirable element 
of brittleness, and therefore some new method must 
be devised which will allow a sufficient degree of hard
ness to allow the tool to cut other metals and at the 
same time not cause so much brittleness that it will 
crack in two at the first rough spot which it encounters. 

One method of assisting the toughening of a piece of 
hardened tool steel is accomplished by the process of 
"drawing." This simply means heating the piece of 
hardened tool steel up to some fairly warm tempera
ture, which of course must be kept well below the 
critical range (at which the steel would jump at the 
chance to quickly change back into one of its softer 
allotropic forms) and then keeping the steel at this 
drawing temperature for a while until the unusual 
strains and stress caused by the rapid cooling have had 
an opportunity to have become somewhat relieved. 
Therefore, the process of "drawing" is quite as im
portant as is the first act of hardening itself, and great 
care must be exercised in undertaking the same. 

{Comment by S. W. Miller. The welder will see 
from this article how the knowledge of steel applies 
also to welding. Although much of the carbon burns 
out and is therefore low in the completed weld, the 
same changes occur in welds during their cooling as 
in the cooling of a piece of steel of the same carbon 
content. It is, therefore, desirable for the welder to 
be familiar with the changes that take place in iron 
or steel due to the heating.) 

The Need of the Gas Welding Industry 
By M. KEITH DUNHAM 

Lack of attention to elementary principles of oxy-
acetylene welding is probably responsible for most of 
the failures. Apparently the real crying need of the 
industry is education. 

1. As to the importance of fusion — not adhesion. 
2. The absolute necessity of understanding expan

sion and contraction. 
3. The necessity of educating the engineer as well 

as the welder in the fundamental principles of 
Oxy-Acetylene Welding. 

All over the country good work is being done daily 
by good welders, — men who have grasped and applied 
these principles, — and all over the country poor work 
is being executed by poor welders. If we can give to 

these poor welders the knowledge of the good welders 
we will have made a rocket stride forward. 

It would seem that the proper instructor for the 
welder is the man who has had both the practical and 
technical experience, and if choice was necessary, prac
tice is the more desirable of the two requirements. 
For example, a short while ago the writer visited a 
welding school where the instructor impressed the 
students with the importance of paying attention to 
expansion and contraction and used the well-known 
broken spoke of the gear wheel as an illustration. But 
he gave reasons for pre-heating the rim, which a prac
tical welder who had tackled a job of this kind before, 
would know instantly were based on things that could 
not possibly happen. 

If no attention is paid to the law of expansion and 
contraction, failure, except on the simplest welding 
jobs, is almost certain. 

Time after time oxy-acetylene men have been up 
against the problem of trying to educate the engineer 
of a plant to lay out his welding work in accordance 
with welding practice. Many times the welder is up 
against the problem of making a weld on a receiver 
or tank, which has been designed for riveting and it 
is one of the hardest jobs in the world to convince a 
man unfamiliar with welding of the importance of 
laying out his work so that the welder can make a suc
cessful job. The oxy-acetylene industry in the past 
couple of years has been inundated with technical ar
ticles as to what takes place in the weld. Writ ings 
and research work are of the utmost value to the 
industry, but the real need of ninety nine out of a 
hundred welders and engineers is simple principles 
simply explained — the A, B, Cs of welding. 

Safe Practices for Gas Welding and Cutting 

Equipment 
Two very complete sets of rules and regulations 

have been compiled by the National Safety Council 
and the National Board of Fi re Underwri ters with 
reference to the proper use of gas Welding and Cutting 
Equipment. The rules present in an orderly manner 
the safe installation and use of such equipment. 

The titles of these pamphlets are Safe Practices — 
Gas and Electric Welding issued by the National 
Safety Council and regulations of the National Board 
of Fire Underwri ters for the Installation and Oper
ation of Acetylene Equipment. They may be obtained 
without cost by applying to the Secretary of the 
Society. 
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The Directors of the American Welding Society at 
their first meeting on March 28, 1919, invited certain 
other societies and governmental departments to join 
them in the formation of the American Bureau of 
Welding. The completion of the organization of the 
Bureau was delayed in order that the representatives 
could be officially appointed and take their part. The 
Bureau is, therefore, only just ready to begin its work, 
and some of its committees have not yet been ap
pointed. 

The work of the Bureau is conducted principally 
through its Research Committee, only matters for final 
approval coming strictly before the Bureau itself. 
According to the by-laws the membership of the Re
search Committee is not confined to members of the 
Bureau. Thus the services of anyone who can contri
bute to its work may be obtained. The National Re

search Council have taken this Committee as their 
Committee on Welding. So it now acts in connection 
with both bodies. 

The first task undertaken by the Research Commit
tee was to prepare a summary of the work of the 
Welding Committee of the Emergency Fleet Corpora
tion. For this purpose a sub-committee was appointed 
whose report will be presented in the Journal, in parts, 
as fast as it is prepared. Mr. Lemp's introduction 
appears in this issue. Prof. Hudson's Theory of Arc 
Welding is also a part of this work. 

Besides this, the Bureau has taken up two questions 
which are of the greatest importance in welding. The 
first, what shall constitute the test of a weld; the 
second, how welders shall be trained. A committee 
had been appointed on each of these subjects, and their 
reports will be taken up immediately. 

The Work of the Welding Committee of the Emergency Fleet Corporation 
By HERMANN LEMP 

T HE Welding Committee of the Emergency Fleet 
Corporation, which, under the chairmanship of 

Professor C. A. Adams, during the war emergency, 
has been of notable assistance to that Corporation and 
to the welding industry as a whole, had its origin in 
a Sub-Committee on Electric Welding formed from 
the Standards Committee of the American Institute 
of Electrical Engineers, which met for the first time 
July 24, 1917, at the Massachusetts Institute of 
Technology, at Cambridge, Mass. At this meeting spot 
welding—a modified form of electric resistance weld
ing as originated by Professor Elihu Thomson—was 
proposed for welding ship plates, in place of riveting, 
to expedite construction of ships. As a sequel to this 
meeting, it was suggested that, in addition to spot weld
ing, arc welding in connection with spot welding 
should be investigated. 

At the second meeting a communication was re
ceived, transmitted from U. S. Shipping Board 
through the Engineering Committee of the Council of 

National Defence, requesting information and advice 
as to the most economical methods of producing anchor 
chains in large quantities. A sub-committee, under 
chairmanship of Mr. W. L. Merrill, consisting of rep
resentatives of chain manufacturers, Navy Depart
ment, Classification Societies, U. S. Steam Inspection 
Service, and the Emergency Fleet Corporation, was ap
pointed to solve this problem, and the result obtained 
will always stand as a monument to the foresight and 
clear judgment of this group of men, who in a short 
space of a month and a half produced a sample chain, 
and within six months started production on an order 
of $1,000,000 for chains made by a new process, which 
saved the Government $50,000 at the start. This re
sult is all the more noteworthy, as most articles manu
factured under war pressure increased rather than 
decreased in price. The new chain, made from cast 
steel, refined in an electric furnace, not only met the 
specifications of the carefully hand forged chain of the 
past, made by skilled help, but surpassed it, so that the 
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Classification Societies, reluctant at first to accept it, 
increased the test requirements 40% above that of the 
old hand forged chain; but more important than all 
this, the process so far outdistanced the antiquated 
methods of making chain, that in place of the average 
production of a gang of chain welders of the highest 
skill of less than 1000 lbs. per day, a foundry unit 
with a 10-ton electric furnace produced 70 tons of two-
inch chain in 24 hours, by mostly unskilled labor. 

At the same meeting plans for spot welders of the 
portable and stationary type for from one-half inch 
plate up to one-inch ship plates were discussed. 

On February 21, 1918, a small committee was ap
pointed by the Emergency Fleet Corporation of the 
United States Shipping Board, consisting 'of E . A. 
Stevens, Jr., A. J. Mason, D. B. Rushmore, and C. A. 
Adams, chairman, with the request that it expand to 
take in all necessary interested and to thoroughly in
vestigate electric welding in connection with ship build
ing. This committee was attached to the Division of 
Steel Ship Construction, under the general direction 
of Mr. D. H . Cox, manager of that division, and its 
accomplishments were due in large measure to his wise 
guidance and backing. The first meeting of this com
mittee was held Saturday, March 23, 1918, at the head
quarters of the American Institute of Electrical En
gineers in New York. 

At the request of the Emergency Fleet Corpora
tion, Capt. James Caldwell, of the Royal Engineers, 
was sent by the British Admiralty to stay three months 
in this country to give their experience with electric 
welding, as applied to shipbuilding. Capt. Caldwell 
stated that in England, since the war broke out, the 
demand for gas for oxy-acetylene welding was so 
great that electric arc welding was taken up as a 
substitute. Capt. Caldwell since then 'has written a 
complete report which has been published by the 
Emergency Fleet Corporation and was reviewed by 
Professor Adams in the Electrical World of Septem
ber 7, 1918. 

Contrasted with the British experience, as explained 
by Capt. Caldwell, American engineers were seriously 
considering spot welding in place of riveting. The most 
radical and interesting proposal in this connection was 
due to Mr. A. J. Mason of the United States Shipping 
Board. It was to employ a large portable spot 
welder for assembling and tacking the ship plates, after 
which they were to be arc welded. As a result of Mr. 
Mason's efforts, the Emergency Fleet Corporation au
thorized the building and testing of a 42-foot midship 
section of a 9600-ton ship by this method. All prepa
rations had been made and the portable spot welder 
was almost complete when the work was stopped by 
the signing of the armistice. H a d this experiment been 
carried to a successful conclusion, it would have dem
onstrated a great saving in hull construction. 

At the meeting of April 23, the question of testing 
methods of welded ship parts was reported on without 
arriving at any final conclusion. 

At the fifth meeting, April 29, 1918, the Ship Design 
Committee presented full specifications and drawings 
of a 10,000 ton electrically welded ship with yard and 
equipment necessary to build it. This design was of 
a radical nature, utilizing electric welding, both the arc 
and spot type exclusively, and departed from existing 
methods of building ships, carrying the fabrication idea 
to a further degree than had yet been attempted. The 
Welding Committee was in favor of having such a ship 
built at the earliest possible moment. The very bold
ness of this proposition acted as a stumbling block to 
its ready acceptance by the more conservative elements 
in the United States Shipping Board, and requests 
were made that specific costs and possible deliveries 
of equipment, and number of trained men available 
for welding should be submitted before the building 
of such a ship would be authorized. 

For the purpose of informing shipbuilders, four dis
trict meetings were held as follows: 

First District—March 18, 1918, in the office of the 
District Officer, Boston Custom House . 

Tenth District—March 21, 1918, in the office of the 
District Officer, Medical Ar t s Building, Phila
delphia, Pa . 

Second District—March 26, 1918, in the office of the 
District Officer, 115 Broadway, New York. 

Third District—-March 29, 1918, in the office of the 
District Officer, Mexington Building, Baltimore, 
Md. 

At these meetings, Professor Adams and Capt. Cald
well thoroughly explained the possibilities of electric 
welding as applied to ship building and the results 
already achieved, and the prospects of further applica
tions. 

These meetings were followed by a series of lectures 
in Philadelphia, given under the auspices of the Emer
gency Fleet Corporation, under the chairmanship of 
Mr. H . A. Hornor , and which were intended for the 
men in the shipyards. 

Wed., 8 P . M. Naval Constructor H. G. Knox, 
June 26, 1918 U. S. N. 

"The Language of Electric Weld-
ing" 

Wed., 8 P . M . W. L. Merrill 
July 10, 1918 "Tools of Electric Welding" 
Wed., 8 P . M. J. H . Anderton 
July 17, 1918 "Time Saving in Steel Ship Con

struction" 
Wed., 8 P . M . E. J. Rigby 
July 24, 1918 "The Boiling Rod" 
Wed., 8 P . M. H. J. Cox 
July 31, 1918 "Design of Ship Joints" 
Wed., 8 P . M. Prof. Comfort A. Adams 
Aug. 7, 1918 "Summary of the Work" 

These meetings were well attended and later a re
quest was made that the addresses and discussions 
should be printed and distributed. 

Under the leadership of Mr. H . M. Hobar t , the Re
search Committee investigated the current density suit
able for various electrodes; non-destructible methods 
for testing welds ; effects of locked up stresses in 
welding long sections by rigid or non-rigid methods of 
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holding plates during welding; effects of corrosion on 
welds and adjacent metal, and conducted a series of 
tests on one-half inch ship plates welded by represen
tatives of welding apparatus; the choice of electrodes, 
current density and method of control being left to 
the discretion of the welders; and finally submitted 
standard methods for testing electrodes for welds of 
all kinds, and revised specifications for electrode wire. 
These tests, known as the Wirt-Jones tests, were con
ducted mainly at the Bureau of Standards in Washing
ton under the direct supervision of Prof. H. L. 
Whittemore. 

Especially noteworthy was a large test tank built 
under the supervision of Mr. R. E. Wagner, Pittsfield 
Works of the General Electric Company, by the non-
rigid method, in which all the various joints proposed 
to be used in the 10-ton electrically welded ship were 
represented. This tank was hydraulically tested, show
ing conclusively that receptacles and tanks could be 
made water and oil proof to better advantage by weld
ing than by riveting. 

A method of ship construction, proposed by Mr. 
F. M. Hill, was to make up the ship from cast steel-
sections to be welded together. He showed some in
teresting results of steel castings produced by the 
Snyder electric furnace at cost of three cents per 
pound. 

As a result of the instruction propaganda, the Ship 
Yard Visiting Committee reports that at Hog Island 
alone hundreds of thousands of parts were being 
welded instead of riveted, in which the saving is ap
proximately 70%. 

At the July 16, 1918 meeting a resolution was 
passed to enlarge the scope of the Electric Welding 
Committee by including in the personnel representa
tives of all other welding methods, principally gas and 
thermit. The reorganization took place in September 
under the name of the Welding Committee. 

At the August meeting a summary was presented of 
the experiments made by Lloyd's of England to test 
the trustworthiness of structural connections made by 
electric welding. Also a report on electric welding a 
steel barge in England. Reference is also made here 
for the first time to a 42-foot tug electrically welded 
throughout, built by the Geary Boiler Works, Astabula, 
Ohio, and in service for about three years on Lake 
Erie. 

At the September meeting the Research Committee 
recommended the building of a complete electrically 
welded ship of not less than 3500 tons. 

In October Professor Adams reported that Mr. 
Schwab was interested in the building of a com
pletely welded ship of standard design, and in reply 
to his request the following recommendation was 
made: Size of ship, 5000 tons, to be made of one-half 
inch plates, and built in the Submarine Boat Corpora
tion yards with material on hand. Estimated cost 
$1,290,000. 

In view of the signing of the armistice not only the 

building of the 5000-ton welded ship was rendered un
necessary but the continuance of the Welding Com
mittee as a part of the Emergency Fleet Corporation 
became doubtful. Steps were then taken, resulting in 
the formation of the American Welding Society, 
whereby the accumulated work of the committee might 
be made available to American industries as a whole 
during the peace reconstruction period. It was 
greatly regretted by the committee that the work on 
the Mason Section should at this moment be aban
doned when a relatively small sum of money would 
have been sufficient to bring this matter to a conclu
sion. 

The writer feels deeply grateful for having had 
the opportunity to sit around a council table with so 
notable and earnest a group of men as composed the 
Welding Committee of the Emergency Fleet Corpora
tion so truly representing welding in all its branches. 
He sincerely hopes that the spirit of co-operation 
shown by the willingness to lay the cards on the table 
and unselfishly share with all hard-earned personal 
experience which was prompted by patriotic motives 
under the stimulus of destructive war, will be con
tinued to an even greater degree during the more im
portant period of constructive peace now ahead of us. 

In conclusion, attention is directed to the following 
papers read before engineering societies, and reports 
and articles by members of the Welding Committee. 

Electric Welding and its application in the U. S. 
to ship construction by Capt. Jas. Caldwell, R. E. to 
United States Shipping Board, 1918. 

Notes on Welding Systems by Capt. Jas. Caldwell, 
R. E. read before institution of Engineers and Ship
builders in Scotland, 1917-18. 

Condensed summary of Capt. Caldwell's report 
by Prof. C. A. Adams in the Electrical World, Sept. 
7, 1918. 

Electrically welded cargo ships in Nauticus of 
June 1st, 1918. 

Welding Mild Steel, paper by H. M. Hobart, be
fore American Institute of Mining Engineers, New 
York, February, 1919. 

Fusion in Arc Welding by O. H. Escholz, read 
before American Institute of Electrical Engineers, 
February 19th, 1919. 

Path of Rupture in Steel Fusion Welds, by S. W. 
Miller before American Institute Mining and Met
allurgical Engineers, February, 1919. 

Application of Electric Welding to Ship Con
struction by H. J. Cox before Society of Naval 
Architects and Marine Engineers, 1918. 

Welding as a Process in Ship Construction by 
S. V. Goodall, R. N., American Institute of Electrical 
Engineers, March, 1919. 

Training Welders and Cutters.—Fred E. Rogers, 
Acetylene Journal, August, 1919. 

Oxy-Acetylene Welding Schools, Motor Transport 
Corps, Major C. K. Bryce.—Acetylene Journal, 
October 9, 1919. 

Uses of Oxy-Acetylene in Ship Construction, by 
H. I. Walsh, Newport News Shipbuilding & Dry 
Dock Co.—Welding Engineer, Sept., 1919. 

Uses of Acetylene in the Navy Yards, by Lieut.-
Com. H. G. Knox.—Welding Engineer, Oct., 1919. 

The General Electric Review for December, 191S, 
contains: 

Electric Welding in Shipbuilding, by C. A. 
Adams. 

Welding in Hulls of Ships, by H. M. Hobart. 
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Electric Welding in Navy Yards, by Lieutenant-
Commander H. G. Knox. 

Lloyd's Experiments on Electrically Welded 
Joints, by H. Jasper Cox. 

Industrial Training in War Time, by E. E. 
McNary. 

Training of Electric Welders, by H. A. Hornor . 
Electric Arc Welding in Tank Construction, by 

R. E. Wagner. 
An Electrically Welded Freight Car, by J. A. 

Osborne. 
Electric Welding at Erie Works, G. E. Co., by 

Hermann Lemp and J. R. Brown, Jr. 
Spot Welding of Heavy Plates, by W. L. Merrill. 
Metallurgy of the Arc Weld, by W. E. Ruder. 

Statement of the National Research Council 
By GALEN H. CLEVENGER 

The Research Committee of the Bureau is also the 
Research Committee of the National Research Council 
by votes as follows :— 

Vote of A M E R I C A N BUREAU OF W E L D I N G July 11, 

1919 
"That the National Research Council be invited to 

accept the Research Committee of the American 
Bureau of Welding as their Research Committee on 
Welding and to co-operate with the Bureau in this 
connection." 

Vote of Division of Engineering of National Re
search Council July 3lst, 1919 

"That the Research Committee of the A M E R I C A N 
BUREAU OF W E L D I N G be designated as the Welding 

Research Committee of the Division of Engineering 
of the National Research Council." 

T H E National Research Council is an organiza
tion of the Scientific and Engineering forces of 

the country. It came into being with the war, following 
the attack upon the "Sussex," in the spring of 1916, 
when President Wilson requested the National Aca
demy of Sciences to assist in organizing the scientific 
and engineering forces of the United States for pur
poses of defence. It will be remembered that the 
National Academy of Sciences itself was organized 
during the latter years of the Civil War , with the 
approval of President Lincoln, to perform a similar 
service. After careful consideration, it was decided 
that the desired end could best be attained by creating 

a new organization which, however, would be most 
closely affiliated with the Academy and enjoy all of its 
advantages. 

Accordingly, the National Research Council was 
formed comprising the chiefs of the technical bureaus 
of the Army and Navy, the heads of the civilian 
bureaus of the Government engaged in scientific re
search and engineering, investigators representing the 
educational institutions, research foundations, and 
representatives of industrial engineering research. 

The Division of Engineering, one of the eight divi
sions of which this the war organization of the Council 
was composed did most effective work in many direc
tions throughout the war. 

In 1918, President Wilson issued an executive order 
requesting that the National Research Council be per
petuated. Following this the effecting of the perma
nent organization of the Council was rapidly accom
plished. T h e Council, as now organized, consists of 
thirteen divisions; six of these deal with general rela
tions and seven with science and technology. The 
divisions of science and technology cover the whole 
field of pure and applied science. One of the most 
important of this group of divisions is the Division 
of Engineering. 

The National Research Council is in reality a fed
eration .of research interests whose purpose it is to 
promote research in the mathematical, physical and 
biological sciences and in the application of these 
sciences to engineering, agriculture, medicine and 
other useful ar ts , with the object of increasing know
ledge, of strengthening the national defence and of 
contributing in other ways to the public welfare. 

Although the Government contributed to the finan
cial support of the National Research Council during 
the war period and the Council, in turn, co-operated 
in the freeest manner with the various Governmental 
departments and bureaus, it is not a Government or
ganization and is now supported by private endow
ment. 

The Division of Engineering is not a doer of re
search but rather is a stimulator and co-ordinator of 
research. 

Contributors to this Issue 

GERALD W. HINKI.EY; author of A Few Secrets of the Metal
lurgist. Graduated from Cornell in 1916. At the time 
of his death in 1918 he was assistant to the President 
of the Atlas Crucible Steel Co., and chairman of the 
Board of Managers. 

RALPH G. HUDSON; professor of Electrical Engineering at 
the Massachusetts Institute of Technology; author of 
Engineers' Manual, Manual of Mathematics, Table of 
Integrals, and Associate Editor of the American Hand
book for Electrical Engineers; Consulting Engineer for 
various industrial companies. 

HERMANN L E M P ; fellow of the American Institute of Elec
trical Engineers; born and educated in Switzerland. 
Former Chief Engineer of the Thomson Electric Welding 
Company; since 1881 connected with the General Electric 
Company or its predecessors; at present Works Engineer 
at the Erie, Pennsylvania, plant. Has been granted 
more than 200 patents and contributed various papers 
on Electric Welding. 

J. H. DEPPELER; a graduate of Stevens Institute of Technology, 

with 12 years' experience in welding work. For the 
last seven years he has been connected with the Metal 
& Thermit Corp. as Chief Engineer of the Thermit De
partment. 

C. A. ADAMS; professor of Electrical Engineering at Harvard 
University, now Dean of the new Harvard Engineering 
School. Past President of the American Institute of 
Electrical Engineers; Chairman of the Engineering Divi
sion of the National Research Council. 

H. SIDNEY S M I T H ; President of International Acetylene As
sociation; Chief Engineer of Prest-O-Lite Company; 
Past President of British Acetylene and Welding Asso
ciation. 

GALEN_ H. CLEVENGER; Metallurgist and mining engineer; 
Vice-Chairman Engineering Division, National Research 
Council. 

M. K E I T H D U N H A M ; author of Automobile Welding. En
gineer for The Bastian Blessing Company. 

S. W. MILLER; welding engineer, writer on metallurgical and 
welding topics, of the Rochester Welding Works. 
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THE ENGINEERING INDEX 
W E L D I N G SECTION 

Compiled by The American Society of Mechanical Engineers 

I N the preparation of this index the engineering staff of The American Society of Mechanical Engineers 
regularly examines all of the technical journals and society publications received by the Engineering 

Societies Library, which form one of the greatest and most complete collections of scientific periodicals in 
the world, comprising upward of 1100 distinct publications. In all cases where the titles of articles are not 
sufficiently descriptive, explanatory sentences are appended. 

Acetylene Generating Plant 
Acetylene Generating Plant for Large Weld

ing Shops. Acetylene & Welding Jl., vol. 16, 
no. 188, May, 1919, pp. 93-94, 1 fig. It con
sists of seven generators, gas collector, mois
ture separator, two condensers, gasometer cap
able of storing 350 cu. ft. of gas and four 
large purifiers with bypasses for working in 
pairs. 

Aluminum Welding 
The Vertical Welding of Aluminum. Acet

ylene & Welding Jl., vol. 16, no. 188, May, 
1919, pp. 94 & 99. 2 figs. Tests made on 
sheet aluminum of 11 and 14 gage. 

Boiler Repairs 
Repairs to Boilers and Engines by Welding, 

E. G. Hiller. Can. Machy., vol. 21, no. 21, 
May 22, 1919, pp. 520-521, 2 figs. Examples 
such as repairing wrought steel, hot-water 
boiler which was fractured at fire hole and 
building up by electric welding flanged seams 
of flue-tube for Lancashire boiler. Paper read 
before Instn. Mech. Engrs. 

Concrete, Reinforced, Construction 
Autogenous Welding in Reinforced-Concrete 

Construction (Die Flammenverschmelzung im 
Eisenbetonbau). Autogene Metallbearbeitung, 
vol. 12, no. 1, Jan., 1919, pp. 26, 12 figs. 
Description of method of construction said 
to be especially suited for concrete vessels 
and large tanks. (To be continued). 

Cylindrical Bodies 
Welding Performed on Cylindrical Bodies, 

Ernest Schwartz. Can. Machy., vol. 21, no. 
22, May 29, 1919, pp. 552-553, 4 figs. Con
cerning welding of seams and of head and 
bottom cylindrical bodies. 

Dredges 
Oxy-Acetylene and Electric Welding on 

Dredges, H. G. Blankman. Min. & Sci. Press, 
vol. 118, no. 21, May 24, 1919, p. 716. Also 
Metal Trades, vol. 10, no. 6, June, 1919, p. 
257. Can. Klondyke Mining Co. operates 
three large dredges and has installed in its 
machine shop an oxy-acetylene welding equip
ment. Article quotes results obtained. 

Electric Welding 
Electric Arc Welding Methods, H. L. Un-

land. Elec. Ry. Jl., vol. 54, no. 7, Aug. 16, 
1919, pp. 343-344, 4 figs. Function and prac
tical operation of various types of equipment 
for carbon- and metal-electrode welding. 

Electric Arc Welding Equipment, H. L. Un-
land. Metal Trades, vol. 10, no. 8, Aug. 1919, 
pp. 355-359, 1 fig. Table showing approximate 
kilowatt-input required for various systems; 
also classification of different types of welding 
equipment and discussion of uses of each. 

Electric welding: Its Theory, Practice, Ap
plication and Economics, H. S. Marquand. 
Elecn,, vol. 83, nos. 2149, 2150 and 2151, July 
25, Aug. 1 and 8, 1919, pp. 91-92, 116-118 and 
139-141, 29 figs. July 25: Tests to determine 
strength of electrically welded flanges. Aug. 1: 
Examples of welding an anchor and locomo
tive frames. Aug. 8: Example of repairing 
main drive wheel of Atlantic type locomotive, 
in which three of spokes gave way by cracking 
in neighborhood of coupling rod crankpin boss. 

Electric Welding and Welding Appliances— 
XIII . Engineer, vol. 127, no. 3306, May 9, 
1919, pp. 444-446, 5 figs. Machines manu
factured by Al Manufacturing Co., of Indus
try Works, Bradford. They produce machines 

and accessories for resistance welding only. 
Electric Welding in Warships, W. H. Gard. 

Mar. Engr. & Naval Architect, vol. 41, no. 
500_, May, 1919, pp. 238-244, 7 figs. Among 
various examples of repair work, restoring of 
cast-steel sternpost of battleship Is quoted as 
significant development of process. Paper read 
before Inst. Naval Architects. 

Important Factors for Efficient Arc Weld
ing, E. Wanamaker and H. R. Pennington. 
Ry. Elec. Engr., vol. 10, no. 6, June, 1919, 
pp. 179-185, 13 figs. Concerning flexibility of 
installations, location of accessories and eye 
and body protection. 

Relation of Arc Phenomena to Electric 
Welding, C. D. Fawcett. University of Colo
rado, Jl. of Eng., vol. 15, no. 3, Apr. 1919, pp. 
15-24, 2 figs. Suggestions in regard to weld
ing practice with table giving approximate 
relation of electrode diameter, plate thick
ness, etc. 

Electric Arc Welder for Portable and Sta
tionary Use. Automotive Industries, vol. 40, 
no. 23, June 5, 1919, p. 1233, 2 figs. Outfit 
designed for operation on either direct cur
rent or alternating current lines. 

The Plastic-Arc System of Welding, J. O. 
Smith. Coal Age, vol. 15, no, 26, June 26, 
1919, pp. 1162-1166, 7 figs. Also Ry. Rev., 
vol. 64, no. 24, June 14, 1919, pp. 898-900, 9 
figs. Description of outfit and examples of 
repairs effected by this system. Paper pre
sented before meeting of Coal Min. Elecns. 
and Mechanics Inst. 

Electrodes 
Composition of Electrodes. Iron Age, vol. 

104, no. 8, Aug. 21, 1919, pp. 503-504, 8 figs. 
Tests to determine effect of chemical composi
tion of physical characteristics on weld made 
by Wilson Welder and Metals Co., New York 
City. 

Effects of Chemical Composition of the Elec
trode on the Welded Material, Decey Welder. 
Welding Engr., vol. 4, no. 8, Aug. 1919, pp. 
42-44, 9 figs. Results of analysis. 

Engine Cylinders, Liberty 
Welding Operations on Liberty Motor Cylin

ders, H. A. Carhart. Am. Mach., vol. 50, no. 
22, May 29, 1919, pp. 1019-1025, 13 figs. Mix
tures and apparatus used by Lincoln Motor 
Co. 

Fusion Welding 
Fusion Welding as Applied to Drop-Forging, 

S. W. Miller. Am. Mech., vol. 51, no. 8, Aug. 
21, 1919, pp. 378-382, 29 figs. Consideration 
given to both electric-arc and oxy-acetylene 
processes. Physical effects that may occur in 
weld and in adjoining sections of metal due to 
heat developed and method of application of 
processes illustrated with photomicrographs. 

Gas Cutting Torches 
Modern Welding and Cutting. Am. Mach., 

vol. 50, no. 23, June 5, 1919, pp. 1081-1087, 
15 figs. Difference between gas cutting torch
es and those used for welding;" details of vari
ous makes of gas cutting torches. 13th 
article. 

Modern Welding and Cutting—XIV, Ethan 
Viall. Am. Mach., vol. 50, no. 26, June 26. 
1919, pp. 1237-1243, 15 figs. _ Gas-pressure 
regulators and working assemblies; directions 
for lighting of torch; charts showing various 
flame characteristics with different gas com
binations. 

Hydraulic-Press Cylinder, Welding of 
Welding a Badly Broken Cylinder of a 200-

Ton Capacity Hydraulic Press, Nels Johnson. 

Welding Engr., vol. 4, no. 8, Aug., 1919, pp. 
34-36, 2 figs. Work done at Soo Line Railroad 
shops at Minneapolis, Minn. 

Malleable-Iron Welding 
Some Considerations Affecting the Welding 

of Malleable Iron, H. A. Schwartz. Welding 
Engr., vol. 4, no. 8, Aug., 1919, pp. 21-23, 9 
figs. Photomicrographs illustrating various 
kinds of welds. 

Oxy-Acetylene Welding 
Filling Cavities and Putting on Parts by the 

Oxy-Acetylene Process, J. F. Springer. Ry. & 
Locomotive Eng., vol. 32, no. 8, Aug., 1919. pp. 
233-234. Cases in which cavities in castings 
may be filled and thus save expense of re
casting. 

Oxy-Acetylene Welding Investigation, J. H. 
Davies. Can. Manufacturer, vol. 39, no. 8, 
16, 1919, pp. 317-319, 8 figs. Construction of 
for securing good results; also results of car
bon-steel experiments. Paper read before Inst. 
Mech. Engrs. 

Building Special Work with an Oxygen-
Acetylene Cutting and Welding Outfit, Montelle 
C. Smith. Elec. Ry. JL, vol. 54, no. 7, Aug. 
16, 1919, pp. 317-319 8 figs. Construction of 
frogs, switches, switchmates, and similar work 
jobs. 

Acetylene Welding. Ry. JL, vol. 25, no. 6, 
June, 1919, pp. 18-19. Committee report be
fore Master Boiler Makers' Assn. 

Great Britain's Acetylene Welding Indus
try—its Birth, Growth and War Record, Nor
man MacLeod. Jl. Acetylene Welding, vol. 2, 
no. 12, June, 1919, pp. 601-606, 8 figs. 
Founding of Northern Polytechnic Inst., and 
featuring courses in autogenous welding. 
Among samples of welding applications, the 
reconstruction of a bomb dropped in London 
by a German zeppelin is described. 

Shutdown of Great Steel Plant Avoided by 
Ox welding, L. M. Malcher. Jl. Acetylene 
Welding, vol. 2, no. 12, June, 1919, pp. 611-
614, 5 figs. Repairing wrecked low-pressure 
cylinder which was cracked at head end in 
seven different places. 

A Difficult Cylinder Bloc Job, David Baxter. 
JL Acetylene Welding, vol. 2, no. 12, June, 
1919, pp. 607-610 & 622, 10 figs. Presented as 
case in which welding operator was handi
capped by intense heat radiating against tip at 
close quarters from every direction and very 
limited space in which to manipulate. 

Notable Repairs on Large Cylinder by Oxy-
Acetylene Welding, L. M. Malcher. Pac. Mar. 
Rev., vol. 16, no. 6, June, 1919, pp. 104-105, 
4 figs. Cylinder of Allis-Chalmers twin com
pound reversing engine, 70 in. diameter, badly 
fractured. Cost of repair estimated about 
one-third of that of a new cylinder. 

Welding by the Oxy-Acetylene Method^ 
III , J. F. Springer, Automobile Eng., vol. 4. 
no. 5, May, 1919, pp. 238-239, 2 figs. Ex
amples of successful welds in cast-iron frames, 
with remarks on methods of making welding 
groove and filling it with new metal. 

Thermit Welding 
Thermit Process Used on Big Welding Job 

on Northern Pacific. Mar. News, vol. 6, no. 
2, July, 1919, pp. 96-97, 5 figs. Illustrating 
repair on cast-steel stern frame which was 
cracked through just above upper post gudg
eon, the break forming roughly a triangle, 
each side of which was about 2 ft. long. 

Restoring Steel Machinery to Service by the 
Thermit Process. Welding Engr., vol. 4, no. 
6, June, 1919, pp. 29 and 32-33, 14 figs. Ex
amples of repairs of large pieces of work for 
Pittsburgh Steel Co. 
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ADVERTISING 
It is intended that the following ad

vertising pages shall be primarily for the 

benefit of the purchaser. 

As more companies begin to use weld

ing, there will be necessarily much con

fusion as to what to buy. 

The Society welcomes inquiries, and 

will attempt to guide purchasers in such 

a way that failures in welding and un

necessary expenditures may be avoided. 

A classified index is provided and the 

advertising pages are intended to supple

ment this. 

It has not been possible in preparing 

this first issue to make the classified in

dex satisfactory. Suggestions are de

sired. 

CUSTOM MADE 
TRANSFORMERS 
O u r exper ience as maker s of special 
t r ans fo rmers has s h o w n t h a t engineers 
nave t h e i r o w n ideas as to the p roper 
application of a l te rna t ing c u r r e n t for 
t he i r purposes. T h e use of t r ans fo rmers 
obvious ly offers t h e most effective 
method to achieve the best resul ts . 
vve specialize in the design and con

s t ruct ion of m a d e - t o - o r d e r t r a n s f o r m 
ers and o u r exper ience and m a n u f a c 
t u r i ng facilities equip us to fill e v e r y 
r e q u i r e m e n t in this l ine. 

WELDING —HE ATING—RIVETING 

AMERICAN TRANSFORMER 
COMPANY 

178 EMMETT STREET - - NEWARK. N. J. 

W M , T. B O N N E R 
ENGINEER WELDED SHIP CONSTRUCTION 

30 Church Street, New York 

Plans and Estimates for Welded Ships and Barges and Equip
ment of Yards for Welding 

W E S T S I D E - W E L D I N G 
W O R K S 

EXPERT OXY-ACETYLENE WELDING & CUTTING 

521 Jackson Blvd., Chicago, III. 

H E N R Y C A V E 
Charter Member A. W. S. Member A. S. M. E. 

CONSULTING ENGINEER 

WELDING AND PRODUCTION 
290 Collins Street .'. . \ Hartford, Conn. 

C O M E T W E L D I N G MFG. CO. 
521 W. JACKSON BOULEVARD 

CHICAGO, ILL. 

Fundamental Requirements for 
a Good Uniform Weld of High 

Tensile Strength: 
1. Correct mixture of combustible gas and oxygen 
which gives complete combustion. 

2. Correct heating value of the flame in accordance 
to material to be welded. 

How to obtain this easily and with accuracy: Use the 

Hydrex Flow Indicator; 
(Patented) 

It indicates in cubic feet the volume of 
gases flowing through the torch. 

Perfect control over the flame, no oxidized 
or carbonized nelds, more efficiency, better 
quality and best results. 

Hydrex Engineering Corporation 
Hutchinson Building 

Buffalo, N. Y. 
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CLASSIFIED LIST OF ADVERTISERS 
ACCUMULATORS, AMMONIA 

Wra. B. Scaife & Sons Co. 

ACETYLENE, APPARATUS 
Air Reduction Co., Inc. 
Alexander Milburn Co. 
Bastian-Blessing Co., The 
Davis-Bournonville Co. 
K-G Welding & Cutting Co. 

ACETYLENE GAS (See also Calcium Carbide) 
Air Reduction Co., Inc. 
Commercial Acetylene Supply Company 
K-G Welding & Cutting Co. 
Linde Air Products Co. 
Liquid Carbonic Co. 
Prest-O-Lite Company 

ACETYLENE, GENERATORS 
Air Reduction Co., Inc. 
Alexander Milburn Co. 
Davis-Bournonville Co. 
K-G Welding & Cutting Co. 
Oxweld Acetylene Co. 

ARC WELDING EQUIPMENT AND SUPPLIES 
Burke Electric Company 
Chicago Eye Shield Co. 
Electric Arc Cutting & Welding Co. 
Electric Welding Co. of America 
General Electric Co. 
Gibb Instrument ^Company 
Lincoln Electric Co. 
Page Steel & Wire Company 
Quasi Arc Weldtrode Company 
Siemund-Wenzel Elec. Welding Co. 
U. S. Light & Heat Corporation 
Westinghouse Elec. & Mfg. Co. 
William T. Bonner 

Wilson Welder & Metals Co. 

BATTERIES, STORAGE 

U. S. Light & Heat Corporation 

BLOWPIPES. (See Torches) 

BRAZING 
The Macleod Company 
Wm. B. Scaife & Sons Co. 

BURNERS, LEAD 
Air Reduction Co., Inc. 
Bastian-Blessing Co., The 
The Macleod Company 
Alexander Milburn Co. 

CALCIUM CARBIDE 
Air Reduction Co., Inc. 
Canada Carbide Sales Co., Inc. 
Union Carbide Sales Company 

COMPRESSORS, GAS 
Alexander Milburn Co. 

CONVERTERS (See Generators, Electric) 

CUTTING APPARATUS & EQUIPMENT (electric) 
Burke Electric Company 
Electric Arc Cutting & Welding Co. 
Gibb Instrument Company 

CUTTING APPARATUS & EQUIPMENT (Gas) 
Air Reduction Co., Inc. 
Alexander Milburn Co. 
Bastian-Blessing Co., The 
Davis-Bournonville Co. 
Gibb Instrument Company 
K-G Welding & Cutting Co. 
The Macleod Company 

CYLINDERS, GAS 

Wm. B. Scaife & Sons Co. 

CRANKSHAFT REPAIRS (See Job Welding) 

ELECTRIC ARC WELDING (See Job Welding) 

ELECTRIC WELDING MACHINES 
Siemund-Wenzel Elec. Welding Co. 
Winfield Elec. Welding Co. 

ELECTRODES 
American Rolling Mills Co. 
Apex Steel Corporation 
Electric Arc Cutting & Welding Co. 
Gibb Instrument Company 
Page Steel & Wire Company 
Quasi Arc Weldtrode Company 
Roebling's Sons Co., J. A. 
Siemund-Wenzel Elec. Welding Co, 
U. S. Light & Heat Corporation 

ELECTRODE, GRAPHITE 
Electric Arc Cutting & Welding Co. 

EYE PROTECTION 
Chicago Eye Shield Co. 
Electric Arc Cutting & Welding Co. 
Electric Welding Co. of America 
William C. Adams 

FLOW INDICATOR 
Hydrex Engineering Corporation 

FLUX 
Air Reduction Co., Inc. 
Alexander Milburn Co. 
Gibb Instrument Company 
Metal & Thermit Corporation 
Siemund-Wenzel Elec. Welding Co. 
The Macleod Company 

GAS (See Acetylene, 
Oxygen, etc.) 

Hydrogen, Nitrogen, 

GAS WELDING AND CUTTING SUPPLIES 
Air Reduction Co., Inc. 
Alexander Milburn Co. 
American Rolling Mills Company 
Apex Steel Corporation 
Bastian-Blessing Company, The 
Canada Carbide Sales Company 
Commercial Acetylene Supply Company 
Davis-Bournonville Company 
Federal Brass Works 
Gibb Instrument Co. 
International Oxygen Company 
K-G Welding & Cutting Co. 
Linde Air Products Company 
Oxweld Acetylene Co. 
Page Steel & Wire Company 
Prest-O-Lite Company 
Roebling's Sons Co., J. A. 
The Macleod Company 
Union Carbide Sales Company 

GAUGES 
Bastian-Blessing Co., The 
Liquid Carbonic Co. 
U. S. Gauge Company 

GENERATORS, ACETYLENE (See Acetylene Gen
erators) 

GENERATORS, ELECTRIC—SETS 
Burke Electric Company 
General Electric Co. 
Gibb Instrument Company 
Lincoln Electric Co. 
Quasi Arc Weldtrode Company 
U. S. Light & Heat Corporation 
Westinghouse Elec. & Mfg. Co. 
Wilson Welder & Metals Co. 

GLASSES (See Eye Protection) 

GOGGLES (See Eye Protection) 

GRINDING MACHINES 
Burke Electric Company 
Lincoln Electric Co. 
Metal & Thermit Corporation 

HOSE, A I R 
The Macleod Company 

HYDROGEN, GAS 
International Oxygen Co. 

JOB WELDING 
Alexander Milburn Co. 
Burke Electric Co. 
Electric Welding Co. of America 
Electric Arc Cutting & Welding Co. 
Tohn Wood Manufacturing Co. 
K-G Welding & Cutting Co. 
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Lincoln Electric Co. 
Metal & Thermit Corporation 
Oxweld Acetylene Company 
U. S. Light & Heat Corporation 
United Marine Contracting Corporation 
West Side Welding Works 
Wilson Welder & Metals Co. 

LEATHER OR ASBESTOS APRONS 
Chicago Eye Shield Co. 

LEATHER APRONS 

K-G Welding & Cutting Co. 

LOCOMOTIVE REPAIRS (See Job Welding) 

MARINE REPAIRS (See Job Welding) 

MASKS (See Eye Protection) 

MOTORS (See Generating Sets) 
NITROGEN, GAS 

Air Reduction Co., Inc. 
International Oxygen Co. 
Linde Air Products Company 

NOZZLES, A I S 
The Macleod Company 

NOZZLES, SAND 
The Macleod Company 

OXY-ACETYLENE (See Gas Welding and Cut
ting) 

OXY-HYDROGEN (See Gas Welding and Cutting) 

OXYGEN, GAS 
Air Reduction Co., Inc. 
International Oxygen Co. 
K-G Welding & Cutting Co. 
Linde Air Products Co. 

P I P E , MANIFOLDS 

Bastian-Blessing Co., The 

P I P E WELDING (See Job Welding) 

PREHEATERS 
Alexander Milburn Co. 
Metal & Thermit Corporation 

RAIL WELDING (See Job Welding) 

RECEIVERS, A I R 
John Woods Mfg. Co. 
Wm. B. Scaife & Sons Co. 

RECEIVERS, AMMONIA 
Wm. B. Scaife & Sons Co. 

RECEIVERS, OXYGEN 
Wm. B. Scaife & Sons Co. 

REGULATORS, GAS PRESSURE 
Air Reduction Co., Inc. 
Bastian-Blessing Co., The 
Federal Brass Works 
Davis-Bournonville Co. 

REPAIRS (See Job Welding) 

SAND BLAST, EQUIPMENT 
The Macleod Company 

SHIELDS (See Eye Protection) 

SUPPLIES (See Arc, Gas, Thermit, etc.) 

TANKS 
American Rolling Mills Co. 
John Woods Mfg. Co. 
Wm. B. Scaife & Sons Co. 

THERMIT 
Metal & Thermit Corporation 

TORCHES, WELDING AND CUTTIJ -, 
Air Reduction Sales Co. 
Alexander Milburn Co. 
Bastian-Bl essing Co., The 
Davis-Bournonville Co. 
K-G Welding & Cutting Co. 
The Macleod Company 
Oxweld Acetylene Co. 

TRANSFORMERS 
American Transformer Co. 
Burke Electric Company 
Electric Arc Cutting & Welding Co. 

TUBING 
Standard Parts Company 

VALVES, H I G H PRESSURE 
International Oxygen Co. 

WELDING (See Job Welding) 

WELDING APPARATUS AND SUPPLIES (See Arc, 
Gas, Thermit) 

WELDING AND CUTTING MACHINES 
Davis-Bournonville Co. 

WELDING MACHINES, ELECTRIC (See Electric) 

WELDING, TRANSFORMERS (See Transformers) 

WELDING W I R E 
American Rolling Mills Co. 
Apex Steel Corporation 
Page Steel & Wire Company 
Roebling's Sons Co., J. A. 

WIRE & CABLES 
Electric Arc Cutting & Welding Co. 
Page Steel & Wire Company 

AMERICAN W E L D I N G SOCIETY 
33 West 39th Street, N E W YORK 

M E M B E R S H I P AND D U E S rights of membership. Class B is not ordi-
, . , . . , . . . . . ,.a . j . narilv open to employees of corporations which 
Ind.viduals, associations, scientific societies a r e n o t a , r e a d y r e p r e s e n t e d i n Q a s s A $ 2 0 

or governmental departments having received 
the approval of a majority of the Membership CLASS C—Associate members without right to vote 
„ ., , ,T , , , „ , or hold office, being limited to individuals who 
Committee shall become members of this so- a r e a l r e a d y m e m b e r s o f a s s o c ! a t ; o n S ! s o c i e t i e s o r 
Ciety upon t he p a y m e n t of dues . departments affiliated with this society under 

, , Article VI I I of its By-Laws 10 
MEMBERSHIP Animal 

Dues CLASS D—Associates without right to vote or hold 
CLASS A—Sustaining members, being individuals o f f i c e ' b e i n S individuals who are welders or 

accredited to corporations interested in the sci- welding inspectors by occupation 5 
ence and art of welding, with full rights of . , . . , . . . , 

~ , n n CLASS E—Association members, being individuals 
membership $1U0 ... , . . . . . .._ . ,. , 

accredited to associations, scientific societies and 
CLASS B—Members, being individuals interested governmental department, with full rights of 

in the science and art of welding, with full membership 100 
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Pioneers Opened the Way 
To the Wealth of America 

With Columbus in 1492 they weathered the storms and 

fought their way under hardships, suffering trials and 

tribulations which make fiction for our sons and daugh

ters of today. 

As pioneers in Electric Welding, we have had the satisfac

tion of experiencing the gradual perfection of our prod

ucts over the old form of riveted construction. 

Established in 1867, this firm used both the welding and 

riveted process in manufacturing range boilers, expansion 

tanks, pneumatic tanks, gasoline tanks and containers. 

Since 1903, when we first entered into the exclusive manu

facture of Electric Weld products, this form of metal-

to-metal construction has established a service record 

which has proven the worth and strength of Electric 

Weld products. 
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Saving Oxygen Is Real Economy 
The Milburn Quick-Weld Torch welds on equal 
pressures of oxygen and acetylene. On heavy 
welding, the amount of oxygen used is much 
less than that demanded by old style torches, 
which makes it the most economical torch on 
the market. 

Oxygen is an expensive part of any welding operation. By cutting 
the oxygen consumption in half you cut down your welding costs. 
Look over your last month's oxygen bills—and figure what a large 
saving would amount to. This chart tells the story: 

Tip 
Number 

6-J 
7-J 
8-J 
9-J 

10-J 

Working Pressures 
Oxygen Acetylene 

3 lbs. 3 lbs. 
4 lbs. 4 lbs. 
6 lbs. 6 lbs. 
7 lbs. 7 lbs. 
7 lbs. 7 lbs. 

Metal 
Thickness 

% inch 
iZ inch 
y2 inch 
y inch 

1 inch and up 

The Milburn Quick-Weld does not save oxygen at the expense of 
the job. In fact, it produces quicker, more perfect work than old 
style torches. 

Write for Booklet No. 34 

Milburn welding and cutting torches are covered by U. S. pat
ents and the Alexander Milburn Company guarantees protec
tion to venders and users of its products. 

The Milburn Carbide Light is the right light for night work. Write for booklet No. 24. 

M I L B U R N 
C O M P A N Y - BHLTIMORE.MD 

N E W Y O R K 
51 E . 4 2 d 

St ree t 

CHICAGO P I T T S B U R G H 
1013 K i m b a l l 406 Bessemer 

B l d g B l d g . 

P h i l a d e l p h i a D i s t r i b u t o r : M. K. E P S T E I N , L i n c o l n B ldg . 

Agenc ies T h r o u g h o u t t h e Un i t ed S ta tes a n d C a n a d a 

SAN F R A N C I S C O 
1037 M o n a d n o c k 

B ldg . 
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OXYGEN 
(AIRCO) 

ACETYLENE NITROGEN CARBIDE 

AIRCO 
RAILROAD 

SERVICE 

Building up a worn railroad frog by the Airco process 

HELPING T H E RAILROADS 
A IRCO does it by maintaining a corps of expert welders, whose 

wide practical experience in the field is augmented in the Airco 
laboratories by the best engineering talent. These experts travel 
from shop to shop helping railroad welders. They instruct begin
ners, demonstrate improved methods of welding, point out short
cuts to save time and money. They show how a worn out frog is 
reclaimed, a cracked locomotive cylinder repaired or a firebox 
made permanently non-leakable. These men are welding experts 
— they know their business — and they do give service. 

AIRCO ENGINEERING SERVICE 
AIRCO OXYGEN SERVICE 
AIRCO ACETYLENE SERVICE 
AIRCO APPARATUS SERVICE 

A. combination that 
is continually 
cutting cosrs of 
railroad operation 

AIR REDUCTION COMPANY, INC. 
120 BROADWAY, N E W YORK CITY 

An AIRCO Service Station is near every AIRCO user 

WELDING AND CUTTING APPARATUS AND SUPPLIES ACETYLENE GENERATORS 
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OXYGEN ACETYLENE NITROGEN CARBIDE 

AIRCO 
A C E T Y L E N E 

SERVICE 
DISTRIBUTING STATIONS 

W H E R E AIRCO GAS SERVICE IS R E N D E R E D 

Atlanta, Ga. 
Baltimore, Md. 
Boston, Mass. 
Bridgeport, Conn. 
Bronx, N. Y. 
Brooklyn, N. Y. 
Buffalo, N. Y. 
Camden, N. J . 
Chicago, 111. 
Cincinnati, O. 
Cleveland, O. 
Coatesville, Pa. 
Columbus, O. 
Defiance, O. 

Des Moines, Iowa 
Detroit, Mich. 
Dorchester, Mass. 
Duluth, Minn. 
East Chicago, Ind. 
East St. Louis, 111. 
Emeryville, Calif. 
Fort Wayne, Ind. 
Grand Rapids,Mich 
Indianapolis, Ind. 
Jersey City, N. J. 
Johnstown, Pa. 
Kansas City, Mo. 
Louisville, Ky. 

Madison, III. 
Milwaukee, Wis. 
Minneapolis, Minn 
Nashville, Tenn. 
New Haven, Conn. 
New York City 
Norfolk, Va. 
Oakland, Calif. 
Oklahoma City, Ok. 
Omaha, Neb. 
Paterson, N. J. 
Peoria, 111. 
Philadelphia, Pa. 
Pittsburgh, Pa. 

Richmond, Va. 
San Francisco, Cal. 
Seattle, Wash. 
Sharon, Pa. 
So. Bethlehem, Pa. 
So. Boston, Mass. 
Springfield, O. 
St. Louis, Mo. 
Tacoma, Wash . 
Terre Haute, Ind. 
Toledo, O. 
Venice, 111. 
Warren, O. 
Wilkes-Barre, Pa. 

AIRCO ACETYLENE SERVICE 
Of the Same High Standard as Airco Oxygen Service 

IT is a fact that AIRCO ACETYLENE business has grown to 
its present size simply because the manufacturers of this gas 

have gone beyond purity of product and given service. 

AIRCO Distributing Stations are so located throughout the country 
that no matter where the plant of the user may be, his source of 
supply is near enough to enable a prompt fulfillment of his acety
lene requirements. 

AIRCO ACETYLENE cylinders are furnished under an arrange
ment which means the greatest convenience and economy in the 
purchase of this gas. Complete details of this special arrangement 
of cylinder supply will be furnished upon request. 

AIR REDUCTION COMPANY, INC. 
120 BROADWAY, N E W YORK CITY 

An AIRCO Service Station is near every AIRCO user 

WELDING AND CUTTING APPARATUS AND SUPPLIES ACETYLENE GENERATORS 
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The time and labor cost saved by repairing broken parts by 

arc Welding is worth more than money to busy establishments 

Car wheel lathe repaired *WiL 
for $16.45 ^ % 0 ^ 

• T: 

Fire box patch {8'x8") 
welded for $6.58 

^ T ^ H E splendid economy ot' arc 
^- welding is shown by the above 

t w o illustrations. 

T h e cast iron chuck of a car wheel 
lathe w a s welded in 22 hours and 
required 48 pounds of electrode. 
The total cost w a s $16.45 and the 
job h a s withstood continuous use 
for the last four years. 

The patch in side sheet of a loco
motive fire box w a s m a d e by arc 
welding to offset a big saving by 

eliminating labor cost for drilling 
holes and applying patch bolts or 
rivets as well as caulking running 
seams. 

W i t h G-E arc welding sets it is 
possible to assure a steady flow of 
metal into the weld. These sets 
operate at high efficiency. 

W e will be glad to instruct your 
welders in our free school while 
your set is being built. 

General! Electric 
G e n e r a l Office 
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R E G O 
TORCHES 

STRONG claims! 
But every one 

can be proven in 
a half hour's time 
in your shop with
out expense. 

Do Not Flash Back — Use 
Less Oxygen—Operate on 
Lower Pressures—Make 
Possible Better Steel Welds 

NO.THEAD ON TIP 
NO FLASHBACK 

SOFT WELDING 
FLAME 

NICKEL-COPPER 
ONE PIECE TIP 

The REGO principle of balanced 
pressures, whereby the acetylene 
constantly dams the oxygen, was 
new to the industry when REGO 
torches w e r e brought upon the 
market in June, 1918. 

The superiority of this principle 
(U. S. Patent No. 1,307,044) is attested 
by thousands of users. 
If you are interested in lower oxygen bills, 
increased production and better quality 
welds, you will investigate the REGO line. 

Distributors and Service Stations throughout 
the United States and Canada 

THE DASTIANBLESSING COMPANY 
WEST AUSTIN AVE, AT LAS ALUS ST., C H t C A O O 



38 Journal of the American Welding Society, October, 1919 

20% More Work Per Day 
The steady arc assured by the stabilizer feature of 
the Lincoln Arc Welder means more work per day. 

The resistance of a welding arc varies every instant, 
because of the uneven surface and the varying resistance 
of the work upon which it is being used. By storing 
up reserve power—just like a flywheel does on a punch 
press—the Lincoln stabilizer overcomes these irregu
larities and maintains a steady arc which does not sput
ter or break. 
That is why the operator can do 2 0 % m o r e WOfk 
per day—and does it with less strain on hand and eye. Yet 
the stabilizer does all this without any loss of efficiency 
to the welding machine. There are no power-wasting 
resistances—no complicated clapper p-
switches to get out of order—nothing 
in the whole Lincoln outfit which is 
not simple, ruggedly constructed and 
easily and economically operated. 

• • • , . • • • 

¥mmm) 
Write for Bulletin 104.-A. 

"•LINK UP WITH LINCOLN" 
<M^--.Z. 

Motor Generator 

This Lincoln Motor op
erated under water over 
3 years without damage. 

THE LINCOLN ELECTRIC CO. 
General Offices and Factory, Cleveland, O. 

New York City 
uffalo 

Cincinnati 
Chicago 
Detroit 
San Francisco 

Columbus 
Pittsburgh 
Philadelphia 

Boston 
Charlotte, N. C 
Minneapolis 

The Lincoln Electric Co., of Canada, Ltd., Toronto, Montreal 

Agencies in other Principal Cities 
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Canada Car bide bales Company Inc. 
Main Office Branch Office 

30 Church Street, New York City 549 McCormick Building, Chicago, ill. 

CANADIAN 
CARBIDE 

THE GREEN DRUM 
Size Packages -1000 lb; 100 lb. & 25 lb. Drum 

Size Carbide s ' x 2 medium 

2 x ^ Small 

I % x Y% Nut 

X x l / l 2 P e a 

CANADIAN CARBIDE 
"More G a s P e r P o u n d " 

Distributing Points 
A L A B A M A O H I O 

Bessemer, 2014-2024 Second Barton 
Ave . 

ILLINOIS 
Belleville; Benton 
Chicago, 549 McCormick 

Bldg. 
Christopher 
Springfield, 812-814 E . A d 

ams St. 
West Frankfort 

I N D I A N A 
Clinton 
Rochester 
Terre Haute, 15 N. Eighth St. 

I O W A 
Albia 
Centerville 
Knoxville 

K E N T U C K Y 
Beaver Creek 

L O U I S I A N A 
New Orleans 

M A R Y L A N D 
Baltimore, 115E. LombardSt. 
Emitsburg 

Westernport 

M A S S A C H U S E T T S 

Boston, 47 Oliver St. 

M I C H I G A N 
Detroit, 343 Bellevue Av. 
Grand Rapids, 757 H a w 

thorne St. 
Saginaw, Thompson and 

Franklin Streets 
M I N N E S O T A 

Duluth, 3d Av . East 
Michigan St. 
Minneapolis 

A v . N . 

Canton, 1372 Dueber Av . 
Cleveland, 3300 Lakeside A v. 
Crescent 
Maynard 
Nelsonville 
Salem 
Toledo, 928 George St. 
Wairen 
Wellston 
Zanesville, Third & Market 

Sts. 
O K L A H O M A 

Commerce 
Tulsa 

P E N N S Y L V A N I A 
Altoona, 947 Nineteenth St. 
Avonmore 
Bamesboro 
Clymer 
Hastings 
Latrobe 
Nanty Glo. 
Pitt bu-gh 
1222 Farmers Bank Bldg. 
40th St. and A . V . R. R. 
Portage 
Pottsville, Centre & Market 

Sts. 
Saltsburg 
Scranton, 339 Penn Ave. 
South Fork 
Wilkesbarre, 75 S. Pennsyl-

d vania Ave . 
Wilpen 

R H O D E I S L A N D 
d Providence, 546 Charles St. 

T E N N E S S E E 
100-1 12 Second Knoxville, 761 Asylum Av. 

T E X A S 
M I S S O U R I El Paso,323 S. Santa Fe St. 

Joplin, opposite Postoffice Fort Worth, 415 Throckmor-
Lexington ten St. 

N E W J E R S E Y U T A H 
Paterson, 61-63 Washington Salt Lake City, 121 W . 2d 

St. South St. 
N E W Y O R K V E R M O N T 
Buffalo, Seneca & Hamburg Burlington, Park Av. 

Sts. St. Johnsbury 
Cortland, 41 Elm St. V I R G I N I A 
Malone, 32-34 W . Main St. Onacock 
Middletown, 28 W . Main St. Richmond 
New York City, 30 Church W E S T V I R G I N I A 

St, Charleston, 821 Virginia St, 
Roscoe Huntington, 1032 Third Av. 
Springville Matewan 
Trumansburg, 55 Main St. Morgantown 
Valley Stream Northfork 
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We will helpyoirtrain 
an efficient welding force 

A Prominent Pittsburgh Steel Man Said: — 
"VJ7E haven't been able to get men during the war, but now expect to 

' * organize a welding department, perhaps as a part of the electrical 
department. This department will be in charge of a good man whose duty 
it will be to build up a well-trained welding force. We shall look to him to 
get the maximum good out of welding. I figure that the Saving in This Plant 
Alone Will Exceed the Quarter Million Mark Annually." 
Investigation has shown that the discouragements sometimes experienced by 
those installing their first welding set, might easily have been avoided had 
the welder been provided thorough instruction at the start. That is why the 
Westinghouse Welding School was organized. We train Your men without 

charge. 
Ask for our new 50-page catalog, "Electric Arc Welding, the Field 
of Application and an Explanation of Modern Welding Practice. " 

WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 
East Pittsburgh, Pa. 

Westinghouse 
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The Oxy-Welding Gauge of To-Day 
Accuracy is absolu te ly essent ia l . Wi th it m u s t go 

s tu rd iness , long service and safety. O u r S O L -

F R U N T O x y - W e l d i n g G a u g e — t h e only gauge wi th 

a cast solid front — embodies all t he se features . 

T h a t ' s why approx imate ly 9 0 % of t h e t r a d e insist 

upon i t . 

Ful l detai ls and Catalog W. A. gladly sen t on reques t . 

GAUGE CQ 

Tradr Hark 

UNITED STATES GAUGE CO. 
67 W A L L ST. N E W Y O R K 

BOSTON CHICAGO DETROIT NEW ORLEANS PHILADELPHIA SAN FRANCISCO MONTREAL 

Distributing Agents Throughout the World 

G E N U I N E S W E D I S H IRON 
Best Swedish Brands —All Sizes and Sections—Prompt Shipment from American Stocks 

GENUINE SWEDISH WELDING WIRE 
All Sizes Prompt Shipments from American Stocks Send Specifications 

F E D E R A L T O O L & ALLOY STEEL C O R P O R A T I O N 
THOMAS TOWNE, First Vice-President and General Manager 

Successors to Swedish Iron & Steel Ccrporation 

General Offices WOOL WORTH BLDG., NEW YORK CITY 
Branch Offices and Warehouses BROOKLYN CHICAGO NEW ORLEANS CLEVELAND 

Butt Welders — Spot Welders — Electric Riveters 
We design and build Electric Welding and Riveting equipment 

for any and all purposes 

THE WINFIELD ELECTRIC WELDING MACHINE COMPANY 
WARREN, OHIO, U. S. A. 

NEW YORK CHICAGO CLEVELAND DETROIT BOSTON MONTREAL LONDON PARIS 
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ARMCO IRON 
WELDING 

/ A M E R I C A N ~ N 

\Art M rk/J 
W*y® 

• I 
cost somewhat more than ordinary welding material, but, compared with the total 

cost of the weld, the difference is insignificant. The difference in the weld, on the 

other hand, is of vital importance. 

"It has not been difficult to show 
them the economy of A rmco Iron 

The trade mark A R M C O car
ries the assurance that iron bear
ing that mark is manufactured 
by the American Rolling Mill 
Company with the skill, intelli
gence and fidelity associated 
with its products, and hence can 
be depended upon to possess in 
the highest degree the merit 
claimed for it. 

Wire i * 

AIR REDUCTION SALES COMPANY 

ISO BROADWAY 
N*wYo«r* A p r l l g t h i 1 9 i g # 

Page s t e e l & Ifire Company 
30 Church S t r e e t 
Haw York Ci ty 

Subjec t : Armoo ffirs • 
Dear S i r s 

Resul t of Tes t . 

We a re more than pieaBea wi th tha s p l a n l i l r e s u l t s t h a t 
wa hare obta ined In our s a l e s campaign of Amoo Wire. 
This product haa been offered by u s through oar l o c a l 
t r enches looatefl throughout the United S t a t e s from 
S e a t t l e to Boston to a l a rge number .of our customers, 
and a f t e r thorough t e s t s haa been accepted by them i n 
the face of a s l i g h t l y inc reased f i r s t eoBt as compared 
wi th o the r products on the market. I t has not been dif
f i c u l t to show them the economy of Armco Wire, desp i t e 
t h i s I n i t i a l Blight inc rease i n i t s coa t . 

In t h i s connect ion we enolose a l e t t e i ) from Mr Walah of 
the Newport Shipbui lding Conpany whi ia we thought might 

" " "i you. be of i n t e r e s t 

BIAt:Vw 

Snolosure 

0 e a i - S i r . . 

• *nROtt-

The above typical letter to one of our distributors shows that the superiority and real economy of ARMCO welding material are readily ap
preciated. Welders who use A R M C O I R O N exclusively have a big advantage over competitors who buy inferior material and their cus
tomers soon learn the difference. Another A R M C O I R O N advantage from the welder's standpoint is the fact that two kinds of rods of 
guaranteed ARMCO analysis, one for electric welding and the other for oxy-acetylene welding, do all the work (with better results) that 
formerly was thought to require a choice of one from many compositions. This means that with a much smaller investment for stock of 
welding material a shop is fully prepared to handle the usual run of steel and iron welding work. 
Because of their exceptional purity and even density A R M C O I R O N Welding Rods flow freely, weld evenly, and give a joint that lends it
self perfectly to finishing operations. 

PAGE STEEL & WIRE CO. 
Established 1883 as Page Woven Wire Fence Co. 

Makers of ARMCO IRON Welding Rods and Electrical Wire; "Copperweld" Copper Clad Steel Wire; Wire Mill Products, 
Plain and Galvanized; Wire of Special Analysis; Wire Fencing for all Purposes; Factory Gates; Ornamental Iron Fence; 
Machine Guards; Tool and Stockroom Partitions; Architectural Iron. 

Plants: JVLonessen, Pa. and Adrian^ Mich. 

Sales Offices: 30 Church Street, New York 
CHICAGO: 29 South La Salle Street, DETROIT: Book Building, SAN FRANCISCO: American Rolling Mill Company of 

California 

CANADIAN DISTRIBUTORS: 

Taylor & Arnold, Ltd., Montreal, Toronto, Winnipeg 41 
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Get FEDERAL 
Quality 
Regulators 

You Can Guarantee Them 

Ask for Catalog 

FEDERAL BRASS WORKS 
3100 SOUTH KEDZIE AVENUE .\ CHICAGO 

L O O K O U T 
For 

1. Efficiency in operat ion 
2 . Cost of operat ion 
3 . Speed in welding 
4 . Degree of certainty of un in te r rup ted service 

Primary requisites of welding apparatus —and you have the 

A.G. ARC WELDER 
then add LOW INITIAL COST. 

7s this suggestion worth only the time it takes to 
read it or are you interested in details ? 

GIBB INSTRUMENT COMPANY 
Factory & Offices 3 4 8 Palmer Ave. E. Detroit, Mich. 
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How Much Oxygen? 
Where? When? 

YO U R answer—quite regardless of quantity, place 
and time — means to us another order to be filled 

easily, promptly, gladly To you, it means all the 
oxygen you want, where you want it, when you want it. 
For Linde Oxygen Service is ample, everywhere, all the 
time. 

There are 65 Linde Distributing Stations, the service areas of which 
cover the United States. Wherever you are located, you are within 
easy distance of one or more of these stations. 

Whether for 1 Cylinder or 1000 We'll 
Fill Your Orders Immediately 

I LINDE 
OXYGEN 

The Linde Air Products Company 
Largest Producer ofOxuqen in the World 

30 East 424 Street KOHL BUILDING 
New York San Francisco 
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Here's Proof of 
"The Universal Service" 

ALASKA or Atlanta—no matter where 
. you do business — you'll find one of 

the 40 Prest-O-Lite Plants and Warehouses 
your best and handiest source of acetylene 
supply. 

Wherever repairs are needed, there you 
will find good welders using and depend
ing upon 

JteaCL 
DISSOLVED ACETYLENE 

The Universal Gas with the Un ive r sa l Service 

Prest-O-Lite Service goes wherever you 
can go; does any kind of a welding or cut
ting job for the least time and money cost. 

Write 
for the Service Plan 

It's Interesting 
THE PREST-O-LITE COMPANY, Inc. 

General Offices 

30 East 42nd Street, New York 

Kohl Building, San Francisco 
In Canada 

PREST-O-LITE CO. OF CANADA, Limited 
Toronto 
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Doelcam Oxy-Acetylene Welding and Cutting Outfits 
Do You Have Trouble Obtaining Oxygen Gas? 
If so here is an outfit that will generate both gases. 

Size C 2, 25 lb. Acetylene Generator, 1 Welding Torch, 

Regulators, Hose, Oxygen Generator, capacity 300 cubic 

feet per day and other Sundries. 

Size C 3, 50 lb. Acetylene Generator, Oxygen Gen
erator, capacity 400 ft. per 
day, 2 Torches, Regulators 
and other Sundries. 

Size C 4, 100 lb. Acety
lene Generator, Oxygen 
Generator, capacity 800 ft. 
per day, 3 Torches, Regu
lators and other Sundries. 

Ilustration of Size C 2 

Just the plant for export and isolated places such as mines and factories where shipping facilities 
are not good. 

WE BUILD EVERY DESCRIPTION OF OXY-ACETYLENE WELDING AND 
CUTTING OUTFITS, PORTABLE AND FIXED 

WE BUILD ACETYLENE GENERATORS UP TO 500 LBS. CAPACITY 

DOELCAM PREHEATING TORCHES 
USING KEROSENE OIL AS FUEL 

SAVE ONE HALF YOUR GAS BY PREHEATING YOUR WORK 

Type A.—Portable Independent Outfit 

Size No. 25 A 25 C 
Size Tank Gals. 5 5 
Size Flame 2 x 1 2 3 J x 1 5 
Price 40.00 50.00 
Type Ji Burner requires preheating before operating. 

Type B.—Compressed Air Pattern 

Size No. 1 1 B 11C 
Size Tank Gals. 5 5 
Size Flame 2\ x 1 4 3£ x 20 
Price 60.00 70.00 

iW Always order Type B if you have compressed air available, as the Burner 

can be started instantly. 

THE MACLEOD COMPANY 

26 A 
10 

3 i x 15 
65.00 

I 2 B 
10 

3Jx20 
80.00 

21 A 
17 

6 x 2 0 
96.00 

13B 
17 

6 x 2 4 
100.00 

2030 BOGEN STREET CINCINNATI, OHIO 
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Commercial Acetylene Supply Co., Inc. 
Manufacturers of 

PORTABLE CYLINDERS in the following sizes: 

10" x 30" size —125 cubic feet 
12" x 36" size — 225 " 
12" x 44" size — 275 " 

For Welding and Cutting and all Oxy-Acetylene uses. COMMERCIAL 
ACETYLENE is always Uniform and is the Gas of 

Greatest Economy and Efficiency 

CYLINDERS LOANED FREE OF CHARGE 

Plants and Distributing Stations throughout the Country. Prompt Service 

and Delivery Guaranteed 

WRITE FOR INFORMATION 

General Office 

80 Broadway, New York City 

Branch Offices 

208 So. LaSalle St., Chicago, 111. 204 Trust Co. of Ga. Bldg., Atlanta, Ga. 

683 Atlantic Avenue, Boston, Mass. 845 Monadnock Bldg., San Francisco, Cal. 

18 Toronto Street, Toronto, Canada 
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II. It 
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*Mifc. 
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IA 

A Bad Break in a Bad Spot 

THESE three pictures are a movie showing 
the progress of a valuable compressor 

crosshead saved from the scrapheap and ready 
to go back into service. 

Oxweld Equipment did the job—quickly, 
cheaply, permanently. 

The Oxweld Injector Type Blowpipe saves 
gas, saves time, saves disappointment—gives 
100% results for the skill you put into your 
jobs. 

OXWELD ACETYLENE COMPANY 
NEWARK, N. J. CHICAGO LOS ANGELES 

World's Largest Maker of Equipment for Oxwelding and Cutting Metals 
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Union tarbide Sales Company 
N e w York City 

42nd St. Building 
Chicago, 111. 

Peoples Gas Building 

SOLE D I S T R I B U T O R S OF 

San Francisco, Cal. 
Kohl Building 

UNION CARBIDE 
"WORLD'S BEST QUALITY—HIGHEST GAS YIELD" 

For Oxy-Acetylene Welding Plants 
Contractors' Flare Lights, T o r c h e s and Private and Municipal Lighting Plants. 

"Union Carbide" is packed in 100 lb. blue and gray drums marked conspicuously," UNION 
CARBIDE". The following sizes are carried in stock in 100 lb. drums: 

3i x 2 in.—a large size Is x I in.—an intermediate size 
I x 1-12 in.—finely crushed size 

Packed in Blue and 
Gray Drums 

-a large size 
2 x 1 in.—a medium size 
Union Carbide in the Generator sizes above listed will be shipped direct to consumers 
from a Union Carbide Sales Co. warehouse at any one of the following points where 
large stocks are kept on hand : 

ALABAMA 
Birmingham—1916 Morris Ave. 
Mobile—16 8. Commerce St. 
Montgomery—114 N. Per ry St. 

ARIZONA 
Phoenix—42 S. Central Ave. 

ARKANSAS 
Fort Smith—109-123 So. Ninth St. 

CALIFORNIA 
Fresno—932 H St. 
Los Angeles—639 Gibbon St. 
Sacramento—1523-31 Front St. 
San Diego—326-336 Fifth St. 
San Francisco—Kohl Building. 

COLORADO 
Denver—Nineteenth and Wazee Sts. 

CONNECTICUT 
Hartford—412 Trumbull St. 

DISTRICT OF COLUMBIA 
Washing-ton—Maryland Ave. and 9th 

St., S. W. 
FLORIDA 

Jacksonville—515 W. Bay St. 
Tampa,—107 Madison St. 

GEORGIA 
Atlanta—Cor. Haynes and Rhodes Sts., 

P. O. Box 1594. 
Savannah—Ogeechee Canal, South of 

Bay St., P. O. Box 7S. 
ILLINOIS 

Chicago—Peoples Gas Bldg., Michigan 
Blvd. 

Decatnr—133-147 W. Williams St. 
Hast St. Louis—600 Walnut Ave. 
Peoria—100-110 Edmund St. 
Monanouth—124 B. Archer Ave. 
Marion—315 S. Granite St., Box 747. 
Qnincy—222 S. Eighth St. 
Streator—702 Eas t Elm St. 

INDIANA 
Evansville—1601 Illinois St. 
Fort Wayne—2216 Broadway. 
Indianapolis—110-112 S.. Alabama St. 
Terre Haute—921 Wabash Ave. 

IOWA 
Davenport—118 Harrison St. 
Des Moines—3rd and Elm Sts. 
Dubuque—8th and Washington Sts. 
Fort Dodge—10 S. 8th St. 
Ottumwa—207-9-11 S. Washington St. 
Sioux City—925 Four th St., P. O. Box 

398. 
Waterloo—1209 E. 4th St. 

KANSAS 
Pittsburg—109 W. Third St. 
Salina—154 So. 5th St. 
Wichita—535-543 West Douglas Ave. 

KENTUCKY 
Louisville—126 E. Main St. 
Middlesboro—1701 Cumberland Ave. 

LOUISIANA 
New Orleans—819-21 Julia St. 

MAINE 
l'ortland—11 Exchange St. 

MARYLAND 
Baltimore—19 E. Lombard St. 
Cumberland—1 N. Liberty St. 
Salisbury—Opp. Ful ton Station. 

MASSACHUSETTS 
Boston—(See Cambridge "A.") 
Cambridge—241 Albany St. 
Springfield—Napier St. 

MICHIGAN 
Detroit—Grand River and Lorain Ave. 
Grand Rapids—500 Shiawmut Ave., 

N. W. 
Hancock—First National Bank Bldg. 
Iron Mountain—215 E. A St. 
Jackson—172 South Water St. 
Muskegon—43 No. Terrace St. 
Saginavv—1830 No. Michigan Ave. 
Sault Ste. Marie. 

MINNESOTA 
Minneapolis—3 34 N. Firs t St. 
Virginia.—413 Chestnut St. 

MISSISSIPPI 
Vicksburg-—1312 Washington St. 

MISSOURI 
Kansas City—1316-1318 W. Eighth St. 
St. Joseph—920 S. Sixth St., Sta. "A." 
St. Louis—(See Eas t St. Louis, III.) 

NEBRASKA 
Omaha—1007-9-11 Jones St., Union 

Sta. P. O. 
NEW JERSEY 

Camden—West and Clinton Sts. 
Jersey City—554-56 Henderson St. 

NEW YORK 
Albany—Montgomery and Colonie Sts. 
Binghamton—21 Jarvis St. 
Buffalo—1336 Genesee St. 
Oeneva—Exchange St. and Railroad PI. 
Hurleyville. 
Jamaica—11 New York Ave. 
Kingston—O'Neil St., near Broadway. 
New Y^ork. 
Niagara Falls. 
Foughkeepsie—Smith St. and N. Y., 

N. H. & H. R. R. Tracks . 
Utica—135 Hotel St. 
Watertown—438 Court St. 
Whitehall—22 Main St. 

NORTH CAROLINA 
Charlotte—Post Office Box 777. 
Raleigh—107 Fayettevil le St. 
Wilmington—Room 16 Masonic Tem

ple, 13 N. Fron t St. 
NORTH DAKOTA 

Fargo—17 Broadway. 
OHIO 

Canton—400 Walnut Ave. Si. E. 
Cincinnati—67 Plum St. 
Cleveland—601 The Citizens' Building. 
Columbus—3 30 Dublin Ave. 

Dayton—812-828 E. Firs t St. 
Lima—338 Eas t High St. 
Mansfield—40 West Third St. 
Steubenville—324-343 North 7th St. 
Toledo—414 S„ Erie St. 
Zanesville—Main and Second Sts. 

OKLAHOMA 
Oklahoma City—27-29 E. Grand Ave. 
Tulsa—1-11 No. Boulder St. 

OREGON 
Portland—Fifteenth and Hoyt Sts. 

PENNSYLVANIA 
Beaver—359 Beaver St. 
Do Bois—Webber Ave. and Frankl in 

St. 
Erie—1426 Chestnut St. 
E. Greensburg—Clark and George St. 
Harrisburg—627 Walnut St, 
Johnstown—Messenger St. & B. & O. 

R. R. 
Pittsburgh—1202 Chamber of Com

merce Building. 
Pottsville—Railroad and Sanderson Sts. 
Scranton—Penn Ave. and Vine St. 
Shamokin—5th and Walnut Sts. 
Williamsport—Canal and Court Sts. 

SOUTH CAROLINA 
Charleston—No. 3 Liberty St. 

TENNESSEE 
Chattanooga,—627 Arolunteer State Ins. 

Bldg. 
Knoxville—426 West Depot Ave. 
Memphis—671 South Main St. 
Nashville—105-107-109 Broadway. 

TEXAS 
Dallas—802-810 Cadiz St. 
El Paso—900 E. Overland St. 
Houston—Baker and Cedar Sts., Box 

745. 
San Antonio—Cor. Leal and N. Salado 

sts. 
Waco—13th and Mary Sts. 

UTAH 
Salt Lake City—118 W. Second South 

St. 
VIRGINIA 

Lynchburg—1324 Commerce St. 
Norfolk—513 Front St. 
Richmond—18th and Cary Sts. 

WEST VIRGINIA 
Blueflehl—19 5 Roanoke St. 
Charleston—Broad St. and K. & M. 

R. R. 
Fairmont—"A" St. 
Huntington—820 3rd Ave. 

WASHINGTON 
Seattle—110 3 First Ave. 
Spokane—646 Peyton Building. 

WISCONSIN 
La Crosse—Front and King Sts, 
Madison—513-19 •Williamson St. 
Milwaukee—120-134 Jefferson St. 

We recommend our customers to select from the list, the city from which the quickest delivery and lowest freight ra te can 
be obtained, and address their orders to "Union Carbide Sales Company" a t the distributing point selected accompanied by 
remittance. 

Please address request for information or special correspondence to either the New York or Chicago office. 
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QUASI ARC ELECTRIC 
WELDING 

The Only Electrodes Which 

Will uniformly produce welds of 1 00 
per cent efficiency, even in the hands 
of inexpert operators. 

Will give equally good welds in all po
sitions — Flat, Horizontal, Vertical, 
and Overhead. 

The Only Electrodes Which 

After exhaustive practical tests, have 
received the official approval of Lloyds 
Register of Shipping for use in ship 
construction. 

For Particulars Apply to 

QUASI ARC WELDTRODE COMPANY INC. 
ATLANTIC AVENUE & WARWICK STREET 

BROOKLYN, NEW YORK 



Journal of the American Welding Society, October, 1919 01 

ELECTRIC (Arc) 

and OXY-ACETYLENE (Gas) 

WELDING 

JOHN A. ROEBLING'S SONS CO. TRENTON, N. J. 

RIMS 

TUBING 

TUBULAR PARTS 

PIONEERS 
IN ELECTRIC WELDING 

RODS 

RINGS 

GEAR RING 

BLANKS 

?;::S£C '̂e:SE: 

TWENTY YEARS OF MAKING GOOD 
20 years of work and leadership in the development of the welding 
art have built this plant and have given us the right to say we are 

THE ELECTRIC PROCESS M A S T E R W E L D E R S THE GAS PROCESS 
KNOWLEDGE, EXPERIENCE, FACILITIES ARE AT YOUR DISPOSAL 

The Standard Welding Division, T H E S T A N D A R D PARTS COMPANY 
EDGEWATER PARK, CLEVELAND, OHIO 

COMPRESSED GAS WELDING AND CUTTING 

COMPLETE EQUIPMENT—TORCHES -ACCESSORIES 

K-G Welding & Cutting Co. Inc. 
OXYCFN 556 WEST 34TH STREET 

A I ±±±1 GREELY 6358 NEW YORK CITY 
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Don't let your broken, heavy steel 

Crankshaft 

Roll or Pinion Neck 

Roll or Pinion Pod 

Gear Wheel 

If you have broken a large 

Drop Forge Section or any 

Housing other 

Locomotive Frame heavy 

Motor Case Steel Section 

When 

can weld it up as perma- ixE&Shi* with the time and cost of 

nently good as new and at - ^-^^SpL^C purchasing and installing 

a great saving as compared -^ l a^ l l l ^ f ; new equipment. 

Send for Pamphlet I735 

imm METAL & THERMIT CORPORATION 
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equipment lie idle in the scrap heap 

120 BROADWAY, NEW YORK 
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ELECTROLYTIC OXYGEN-HYDROGEN GENERATORS 

GAS 
EFFICIENCY 

THE most expert chauffeur can not 
run your car right with impure 

gasoline. The highest-skilled opera
tors in cutting and welding can not 
turn out good work with oxygen and 
hydrogen of inferior grade. A 2% 
impurity in your oxygen cuts down 
the efficiency of your workmen 25% 
to 45%. 
I.O.C. electrolytic gas generators installed 
in your p lan t assure you a steady supply 
of oxygen and hydrogen at topnotch pu
rity. I. O. C. gases will keep your highly 
paid labor from going to waste. 

Wri te us for par t iculars . 

" T h e cell w i th t h r e e t imes 
t h e capaci ty " 

"Largest Manufacturers of Standard Electrolytic 
Oxygen and Hydrogen Apparatus" 

INTERNATIONAL OXYGEN 
COMPANY 

NEWARK, N. J., U. S. A. 
Verona, Pa. College Point, N. Y. 
Chicago Pittsburgh Paris 

I. O. C. Ltd., 38 Victoria Street 
Westminster, London, S. W. 

\Velded, Riveted and 

Brazed 

TANKS 
for every purpose 
117 YEARS OLD - FOUNDED 1802 

. r 
W llliam 13. Scaire G? Sons 

Company 

Pittsburgh - - Pa. 
CHICAGO 
38 So. Dearborn Street 

N E W YORK 
26 Cortlandt Street 

Goggles for Welders 

1 

Welders' Goggle No. 5, mounted with Gray 
Green glass, absolute protection from Ultra-
Violet and Infra-red Rays, price $1.25 per 
pair, $ I 2.00 per dozen. 

Complete line of Welders' Goggles 

Prices low Service unexcelled 

WILLIAM C. ADAMS 
Manufacturer, Importer and Wholesale Dealer in 

Welding Goggles and Protection Glasses 

422 BOYLSTON STREET, BOSTON, MASS., U. S. A. 
Write for Catalogue 
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ELECTRIC WELDING 
made this broken crankshaft as good as new. 

PERFECT fusion of deposited metal 
gave a tensile strength that resisted 

every stress. 

This is the character of welding work 
we are doing every day, afloat and 
ashore. 

Nine barges equipped with the latest electric 

welding devices and an expert staff of welders, 

yours to command, at a moment's notice. 

UNITED MARINE 
CONTRACTING CORPORATION 
15*WJfti-tefLaH /S-trec"t T>Jew ' Y o r k Cvty 

Sr&lGpfLoTja-J5owhhg Green 742.0~74Zl-7-*ZZ 
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DAVIS-BOURNONVILLE COMPANY 

Manufacturers of 

Oxy-Acetylene and Oxy-Hydrogen 

Welding and Cutting Torches, Pres

sure Regulators, Apparatus and 

Equipment, Acetylene Generators, 

Oxy-Hydrogen Generators, Port

able Acetylene Generators, Portable 

Welding and Cutting Outfits, Weld

ing and Cutting Machines. 

Davis Flare Lights for illumination 

of building operations, quarrying, 

mining and wrecking. 

Davis-Bournonville Company 
GENERAL OFFICES - - JERSEY CITY, N. J. 

Factories: Jersey City, N. J. and Niagara Falls, Ontario 

Atlanta Cincinnati ^JFlDlBiSfi^BTfflif^ 

Boston Cleveland 

Buffalo Dallas 

Callao Detroit 

Chicago Los Angeles 

Manila 

Minneapolis 

Montreal 

New York 

Philadelphia 

Pittsburgh 

St. Louis 

San Francisco 

Seattle 

Toronto 
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Apex Walloon Welding W i r e 
"The Highest Quality Welding Wire Made" 

GENUINE SWEDISH IRON 
Analyzing under .06 Carbon; under .11 manganese; 

under .025 Sulphur and Phosphorous 
Hard Drawn in sticks or coils for Arc ^\^elding 

Sort Annealed in sticks or coils for Acetylene Welding 
Soft Annealed Coppered for Acetylene Welding 

Low Melting Point 
Free from Lime or Slag 

High Tensile Strength 
Every Rod Perfectly Sound 

A L W A Y S Uniform 

Ask for Samples and Form Your Own Conclusions 
Your First Hand Experience is Our Most Effective Sales Jirgument 

APEX STEEL CORPORATION 
50 Church Street, N e w York City ^Varehouse, Brooklyn, N . Y . 

N e w Orleans — General Trading & Export Company .. 

310 ^Vhitney Central Building 
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Siemund \A/enzel Electric W e l d i n g Co. 
30 Church Street, N e w Y o r k 

ELECTRIC WELDING MACHINES 

WELDING WIRE, FLUXES AND SUPPLIES 

THE ELECTRIC WELDING CO. 
OF AMERICA 

FOOT OF COURT STREET 
BROOKLYN, N. Y. 

ALTERNATING CURRENT WELDING 
The Essential Points. 

FIRST COST: Very low—^ price of 
D. C. machine. 

PORTABILITY: Weighs 260 l b s . -
fitted with handles for easy carrying. 

EFFICIENCY: As it is of transformer 
type, it has high efficiency. 

COST OF OPERATION: The power 
consumption is 2 % to 3 K. W . H. 
per hour. 

MAINTENANCE: None. 
CLASS OF WORK DONE: With 

high penetrative effect, cast iron 
welding is successful; also steel, cop
per, brass and bronze welding. 

This welder uses any type electrode. W e have our own, which we recommend. 
These electrodes, in competition with others, have made 100% welds. 

Electric Arc Cutting and Welding Company 
222 HALSEY STREET NEWARK, N. J. 
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BURKE ELECTRIC COMPANY 
E R I E - - - P A . 

MANUFACTURERS OF 

ELECTRIC ARC WELDING EQUIPMENTS 

We invite inquiries from those having specific 

welding problems. Our Engineers are prepared 

to make recommendations of the type of welding 

equipment best suited to individual needs. 

THE "FYBER-WELD" GOGGLE 
The Conceded Standard for Welders 

" ESSENTIALlTEv" lenses are used i n all good goggles, r l e ! recommend No. 4 
shade, for cutting, No. 6 shade for ]velditi^,, and No. 12 .shadefor arc-welding 
where your machine is 150 to 250 amperes^ t> iX,, . ;_,,.V'_.[.; , , ,; 

Send for catalog fon Eye Protection 

CHICAGO EYÊ  SHIELD € 6 . 
• ; "• ... ". (C.•E.!,¥JGQ',) . ' . . , -1 i u 

2300 WARREN AVE. CHICAGO, ILL. 



Journal of the American Welding Society, October, 1919 

WILSON Plastic-Arc WELDER 
The outfit that includes every feature 

desirable in welding equipment 

The Plastic-Arc Sys
tem requires no pre
heating of any job, 
whether large or 
small. 

This P las t i c -Arc 
Outfit delivers con
stant heat at the 
weld regardless of 
the skill of the op
erator. 

This outfit operates on the well known Wilson princi
ples of constant voltage of 35 and an automatically 
regulated current, insuring a constant critical heat at 
the weld, regardless of the skill of the operator. 

Practically any metal including cast-iron or steel, boiler 
plate, copper, brass, aluminum, etc., can be welded 
with this outfit, w i thout preheat ing . 

Three switches on the panel provide an easy means of 
current adjustment, between 25 and 1 75 amperes, in
suring a proper heat at the weld to suit the fusing 
point of the particular metal to be welded. 

This outfit can be furnished as a motor driven unit, 
with a motor of practically any characteristics to suit 
the local source of power supply; also as a gasoline-
driven unit, or it can be furnished without a motor, to 

be driven by any means available. 
The normal generator speed is 1800 R. P. M. The 
weight of this new outfit is 807 lbs. with A. C. motor, 
800 with D. C. motor, 1200 with gasoline engine, 
and 550 lbs. as a belted outfit without motor. These 
new sets can be furnished as portable outfits if desired. 

The Plast ic-Arc Welder used with Plastic-Arc 
Welding Metals makes the ideal combination of weld
ing equipment. 
Plastic-Arc Welding Metal is made in eight grades. 
Each grade is best for a given purpose. The grade spec
ified for a given work is absolutely guaranteed for that 
work. 
Write for further details and a copy of our new Man
ual-Catalog No. 4. 

Wilson Welder & Metals Co., Inc. 
2 Rector Street, New York 
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