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STUDIES in Arc Welding™ assumes a place of special importance in the
literature of science, education and industry. The volume's contents reflect
the intensive application of the welding process during an era of world history
in which the United States took up the tremendous task of arming itself and
its allies for war. The book is the work, not of one person but of 113 making
exhaustive studies in their own fields in which they have had long experience.
The findings of these authors, who are executives, engineers, designers and
officials of production, construction and maintenance, while representing vital
contributions to war production, will provide the soundest possible basis for
economic stabilization during the post-war period.

The 98 award papers, which comprise ““Studies in Arc Welding,” were
selected as outstanding in the 1940-42 Progress Program. In order to make
the selection, the entire group of 408 papers which received awards in the
Program were considered in the light of originality, value of information and
thoroughness in treatment of subject matter. The omission of any paper is not
to be taken, in any sense of the word, as a reflection or criticism of the paper.
This follows since in terms of interest and value all of the papers possess
unquestioned merit. In the final selection, consideration had to be given to
the number of papers which could be included to provide a volume of greatest
value without becoming of a size impractical for easy reference.

Virtually all of the papers are reproduced in complete form, as regards
both text and illustrations. A few papers which, in their original form, were
too lengthy for complete reproduction, are included as comprehensive briefs
without loss of pertinent text matter or illustrations. At the beginning of each
paper is a brief summary of the subject matter prepared by the Jury of Award.

All papers contained herein were submitted to and approved by the
United States Office of Censorship before publication. This was done to
abide, in spirit and form, with the wishes of the federal government regarding
such matters.

**Studies in Arc Welding™ should provide a most valuable aid in further-
ing scientific and industrial progress and in extending the industrial, commer-
cial, economic, and social benefits which are inherent in the welding process.

In publishing “Studies in Arc Welding,” the James F. Lincoln Arc Weld-
ing Foundation, knowing the tremendous value to industry of the information
contained in this book, herewith expresses its appreciation to all those who
participated in the Progress Program. Without the earnestness, thoroughness
and exactness with which the participants carried out their studies, this vol-

ume would not have been possible.
A. F. Davis and Ep C. Powers, Editors.
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The James F. Lincoln
Arc Welding Foundation

THE James F. Lincoln Arc Welding Foundation has been widely acknowl-
edged as an important aid to industry through its contributions to industrial,
economic and social progress.

Through its Award Programs, the Foundation has stimulated and is
stimulating widespread interest in the possibilities of the electric arc welding
process as applied to industrial manufacture, fabrication, construction and
maintenance work.

Valuable information contained in the award papers has been widely
disseminated to stimulate and intensify the use of the electric arc process.
Dissemination of this important information is accomplished through publica-
tion of abstracts of papers in literally hundreds of magazines; publication of
the most outstanding papers in complete form in magazines; and publication
of the books, “Arc Welding in Design, Manufacture and Construction,”
containing 109 of the outstanding papers from the 1937-38 Award Program
and the present volume “*Studies in Arc Welding,” containing 98 of the most
significant award studies in the 1940-42 program.

The Foundation’s first award program was inaugurated early in 1937 and
terminated with payment of $200,000 in September, 1938. A total of 382
awards were made ranging from $101.75 to $13,941.33.

The second study program, the $200,000 Industrial Progress Award
Program, was sponsored during the period from January 1940 to June 1942.
It terminated in October 1942 with the payment of $200,000 in 408 awards
which range from $50 to $13,700.

By its study programs, the Foundation has called widespread attention
to the many inherent advantages of arc welding and has stimulated the use
of this process with pronounced benefits. For example, in the 1940-42 pro-
gram it was shown that a possible annual saving of $1,825,000,000, including
7,000,000 tons of steel and 153,000,000 man hours of labor, was available by
utilization of this modern process.

The Foundation more recently sponsored a $6,750 Engineering Under-
graduate Award and Scholarship Program to stimulate study of the arc
welding process by engineering students. This program was announced
December 1st, 1942 and closed April 1st, 1943.
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THE JAMES F. LINCOLN ARC WELDING FOUNDATION

Why the Foundation Was Created

Regarding the creation of The James F. Lincoln Arc Welding Foundation
in 1936, Mr. J. C. Lincoln, chairman of the board of directors of The Lincoln
Electric Co., the founder, made the following stdtement which is quoted
from the original deed of trust.

“Since the dawn of recorded time, man has struggled constantly to im-
prove his conditions. Coping with many obstacles, he has developed great
skill and ingenuity. Applied through the years, these talents have rewarded
man with luxuries of which his ancestors never dreamed—the telephone, the
radio, the automobile, the airplane, the railroad, the steamship, the skyscraper,
the gigantic bridge—these modern wonders and many others are the products
of man’s skill and ingenuity.

“Recent years have seen the origin and development of an ingenious
process which has great economic, social and commercial significance to man-
kind. That process is arc welding.

“It is, therefore, our belief that by encouraging and stimulating scientific
interest in and study of arc welding, still greater benefits will result:from
man’s skill and ingenuity. To this end, The Lincoln Electric Co. announces
that it has created, in honor of its president, ‘The James F. Lincoln Arc

IR}

Welding Foundation™.”

o ot

The meoln Electrlc Company

2 »'J. C. LINCOLN,
Chawman of the Board of Directors

]

T

Object and Purpose of ‘the Foundatlon ‘

*“The object and purpose of The James F. Lincoln Arc Weldmg Founda-
tion is to encourage and stimulate scientific interest in, and scientific study,
research and education in respect of, the development of the arc welding
industry through advance in the knowledge of design and practical application
of the arc welding process, and to provide for. tl'ie _payment of awards, by
prizes, to those persons who by reason of the excellence, of their papers upon
said subject may be selected in the manner herein provxded as most worthy
to receive such awards.”

Trustees alnd Ofhicers

Trustees ! v
E. E. Dreesg, Chairman. .. ... ... ............... Columbus Ohio
W. B. STEWART and H. R. HARRIS. ... .......cvntnn. Cleveland Ohio
Secretary SR
AR DAVIS. e vl S f cmsmanes Cleveland, Ohio
Assistant Secretary ‘
EDC. POWERS. ... ... ... .Cleveland, Ohio



The $200,000 Industrial Progress

Award Program

The 1940-42 Progress Program was the second activity of The James F.
Lincoln Arc Welding Foundation to encourage scientific progress of arc
welding. It offered 458 awards.

The following information regarding awards is quoted from the Rules
and Conditions governing participation in the Program:

“The 458 awards are grouped as follows:

“184 Divisional Awards:—1st, 2nd, 3rd and 4th awards of $700, $500,
$250 and $150 respectively, in each of 46 Divisions.

48 Classificational Awards:—I1st, 2nd, 3rd and 4th awards of $3,000,
$2,000, $1,000 and $800 respectively, in each of 12 Classifications.

“3 Main Program Awards:—1st, 2nd and 3rd awards of $10,000, $7,500
and $5,000 respectively.

223 Additional Awards for Honorable Mention:—Awards of $100 each
for 223 papers which do not share in any other award but which, in the
opinion of the Jury of Award, deserve Honorable Mention. These 223
awards may be made for papers in any of the Divisions.

*“The 184 Divisional Awards will be determined first. Then, from the
papers receiving the 1st, 2nd, 3rd and 4th Divisional Awards in each Division
of a particular Classification, papers will be selected to receive the Ist, 2nd,
3rd and 4th Classification Awards of the particular Classification, repeating
the process for each Classification. From the Classificational award papers,
papers will be selected to receive the 1st, 2nd and 3rd Main Program Awards.
After the Divisional, Classificational and Main Program Awards have been
determined, papers will be selected to receive the Honorable Mention Awards.

“For the paper selected as the best of all papers submitted, a 1st Grand
Award of $13,700 will be made, composed of $700 as 1st Divisional Award,
$3,000 as a lst Classificational Award and $10,000 as 1st Main Program
Award.

Subject Matter of Papers in the $200,000 Industrial
Progress Award Program

The following definitions of subject matter for papers in the Progress
Program are quoted from the Rules and Conditions of the Foundation gov-
erning participation:

“Papers are to be on the subject, progress made by application of arc
welding between January Ist, 1940, and June Ist, 1942, The paper shall cover
progress on but one of the following points:



INDUSTRIAL PROGRESS AW ARD PROGRAM

“(a) Redesign and manufacture or construction of an existing machine,
structure, building, manufactured or fabricated product of ferrous or non-
ferrous metals, within the limits of the rules hereinafter prescribed, which
was previously made in some other way and redesigned so that arc welding
may be applied, in whole or in part, to its manufacture, fabrication or
construction.

*(b) New design and manufacture or construction of a machine, structure,
building, manufactured or fabricated product of ferrous or nonferrous metals,
within the limits of the rules hereinafter prescribed, which was not previously
made but which has been designed in whole or in part for the use of arc
welding, the description to show how a useful result, which was impractical
with other methods of construction, or could be better done by arc welding,
is accomplished. :

*“(c) Organizing, developing and conducting a welding service. The
welding service to be described in the papers may be conducted by Commer-
cial Welders or Job Shops (G-1), Garages or Service Stations (G-2), Com-
mercial Welderies (I-1), or Plant Welderies (I-2).

*“(d) Developing, planning and performing maintenance or repair work
with arc welding. The maintenance or repair work to be described in the
papers may be Plant and Construction machinery and mechanical equipment
of all kinds; also mobile equipment such as fleets of trucks, buses and taxicabs
(L-1) ; or Structures and other structural applications of arc welding in main-
tenance (L-2), such as pipe lines, railroad tracks, bridge strengthening, and
other such work, not covered under L-1.

“Note that the machine, structure, building, manufactured or fabricated
product under (a) or (b) may be designed either in whole or in part for the
use of arc welding. ‘

“To qualify as to subject matter, the welding service as in (c) and the
maintenance work as in (d), within the period January 1, 1940, to June 1,
1942, must have been either: '

(1), planned and put into practice within the period;
or (2), put into practice within the period as result of plans made
prior to the period.
Papers of otherwise equal merit will be preferentially rated in the above order.

Requirements As to Submission of Papers

“1. Paper shall be submitted in two copies, one signed, the other unsigned.

“2. Bach copy shall be enclosed in a separate sealed envelope.

“3, THE SiIGNED CoPy:—The signed copy shall have the following infor-
mation written on the cover or title page and on the outside of the en-
velope in which it is enclosed:

Name, address and signature of the author, or authors.

Name and address of company with which author is connected.
Relationship between the author, or authors, and the company or concern.
Classification of the paper, as for example A-1, C-4, J-6, K-7, L-2, etc.,
depending upon the nature of the subject matter.

Name of individual or individuals to whom award check is to be made
payable, and address of individual to whom it is to be mailed, if award is
made for the paper.
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INDUSTRIAL PROGRESS AWARD PROGRAM

A statement that data on the three Factors of Judgment are given in the
paper.

A statement that cost data are given.

A statement that the work treated in the paper was carried on within
the period—January lst, 1940 to June lst, 1942.

If paper may not be published, a statement to that effect.

If product, structure, or work used as subject is patented, a statement to
that effect giving the full name and address of the person, or persons,
from whom information regarding the patent is to be obtained.

“4. THE UNSIGNED Cory:—The unsigned copy shall have the following
information written on the cover sheet and on the outside of the envelope
in which it is enclosed:

Classification of the paper, as A-1, C-4, J-6, etc.
Note: On this unsigned copy of the paper and envelope no name or
data other than classification are to be given.

“5. The two separate sealed envelopes, one containing the signed and the
other the unsigned copy of the paper, are to be placed together in a large
envelope, postage prepaid, and addressed: ‘Secretary, The James F.
Lincoln Arc Welding Foundation, P. O. Box 5728, Cleveland, Ohio,’
and mailed, postmarked not later than midnight June Ist, 1942, and
received in Cleveland not later than midnight July 1st, 1942.

Upon receipt thereof in Cleveland, the sender will be notified by mail.

“Confidential Handling of Papers—When received by the Secretary, the
envelope in which both copies of the paper are enclosed will be opened and
immediately the same identifying number will be given to the envelope con-
taining the signed paper and the envelope containing the unsigned paper.
The envelope containing the signed paper will be retained by the Secretary
unopened and confidential. The envelope containing the unsigned paper, with
the number identifying the author, and the classification and division for
which the paper is entered, will be delivered, unopened, to the Jury of Award,
with other contesting papers, at the close of the Program.

“The object will be to keep each paper confidential, without disclosure,
until the Jury of Award considers the identified but unsigned paper. When
the award papers are selected by the Jury of Award, proper certificate thereof
will be made to the Foundation and then each award paper will be identified
with its original paper on file with the Secretary.”

Only papers contained in envelopes postmarked not later than June 1,
1942, and received in Cleveland not later than July 1, 1942, were accepted.

By letter of July 28, 1942, the Jury of Award of The James F. Lincoln
Arc Welding Foundation certified to the Secretary its decisions concerning
papers submitted in the Progress Program. The certification of papers, (See
page xxv), was by number in accordance with the Rules of Award.

Upon receipt of the Jury's report, the Secretary and Assistant Secretary
of the Foundation, identified the authors of the award-winning papers by
reference to the various records.
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