VELDING IN ENGINEERING CURBICULA

LYNE J. ﬁmsmsm
Bachelor of Sciense
Utzh State Agricultural College
Logen, Utah
1949

Subnmitted Yo the Paculty of the Groduste School of
the Oklshoma Agricultursl and Mechanical follege
in Partisl Fulfillment of the Requirements
for the Degree of
HASTER OF SCIENCE
1950



-

T
BERICEITERAL 2 1

Jal

WELDING IN ENGINERRING CURRICULA

LIEN J. CHRISTENSEN
MASTER OF SCIENCE

1950

266749

228 IR

i1



ii1

Grateful apprecliation is extended to Mr. B. P. Chandler,
Assoclate Professor of Trade snd Industrial Education, Oklahoma
Agricul tursl and Mechanical College, Mr. A. B. Kemp, Head, Weld-
ing Department, Utah State Agricultural College, and to my
wnderstanding wife for the inspiration, encouragement, and
assistance in the development of this thesis.

Gratitude is extended to Mre. Helen Dunham for tecimical
assistance in checking the thesis. The cooperation of the
respondents in answering the questiomnaire for this investi-
gation is gratefully acknowledged.



Chapters

iv

TABLE OF CONTENTS

Page
I. The Nature of the Study . LTS R IR v X
Statement and purpose o!‘ thc \hn ........... : §
SRR T B, - . . s s oo s s b s e e e e 2
Meothods and procedure. . . . . . . . . 5 L A e 3
L il v £ B o B e e v . B
Organization of chapters . . . . . . . . e s EIER T
1I. History and Review of Litevature. . ., . . s L T e sy 6
History of the development of welding. . . . . . . . . . . . 6
Scope of engineering curricala . . . . . . . . « .+ .« . . . . g
Developments in welding at nuuahar Polrudnic
R ) 10

III. Presentation and Analysis of Data . . . . .

thm-hstmshhhnm IR,
Welding Bquipment at Oregon State College. . . . . . . . . . 1
Welding Engineering at Ohio State m‘rmiv B AR 1k
The gulf between welder and engineer . . . . . . . . . . . .18
Welding at the Case Institute of Techmology. . . . . . . . . 19
Review of college catalogs . . . . . . . . . . .

23
DR & « ¢ » 5 % 5 & % % 5 5 8 & U IS S SRR SR .
Representation of states . . . . . . . . . . . .. MECRR .
wﬂmﬁoﬂum ........... 25
Welding required or elected. . . . . . . . . . . . +. « . . 25
S o o i % b AL e R e e h e e 29
Per cent of students that elect nlung ........... 29
Special courses forengineers. . . . . . . . . « 4 4 0 .. 30
When welding is offered. . . . . . . . « « ¢ + « « = « « o = 34
Wolling Oourns O0RIE . . . - . ¢ ¢ « s s ¢ ¢ 0 5 0 s 8 s 3%
Magterials befngwelded . . . . . . . . . . . « . B . 37
VolBing OUuIDIORE. . - - = ¢ « + o« s v o o s s o s 5 & o 5 a
Courses involving some welding . . . . . . . . . « + + « + &
I & = o i a e e R w6 TR e :a
e ) T e (R PR PR St
Velding as an engineering optiom . . . . . . . . . . . R,
Is sufficient welding being offered to engineers?. . . . . . 47
Comments and suggestions of respondents meonin;

welding for engineering students . . . . . . . . . . . .. ::



TABLE OF CONTENTS (Continusd)

Page

Appendix B--List of Institutions Having

Accredited Undergraduate Engineering Cuwrricula. . . . . . . . 59
Appendix C--Comments and Suggestions of the

Questionnaire Respondents Concerning Welding

for Engineering Students. . . . . . . . « ¢ ¢ s ¢ o s ¢ o + & 67
Appendix D--Letter of Introduction to the

Questionnaire, the Questiomnaire, and a

e e o 1 s 1 B W B ¥ e b s ™



II.

III.

XII.
XIII.

XvVI.

XVII.

LIST OF TABLES

Welding in Engineering Curricula at Oregon State College .
Welding Equipment at Oregon State College. . . . . . . . "

Requirements for the Degree of Bachelor of Welding
Engineering at the Ohio State University . . . . . . . .

Catalog Study of Welding for Engineers . . . . . . . . o

Analysis of Respondents by Departments . . . . . . . . . . .

Departments that Teach Welding to Engineering Students . .
Welding for Sixteen Engineering Curricula. . . . . . . . .

Non-Accredited Curricula Suggested by Respondents. . . . . .

Per Cent of Students that Take Welding Whem it is

ot Required . . . . . i ... N D

Institutions Offering Special Courses in Welding
for Engineers. . . . . . . . . . . ‘“$ s 2m wu b . s o

The Year in Which Welding is to be Takem . . . . . . . . .
Welding Processes and Manner of Presemtation . . . . . . .

Common Metals Included in Welding Courses for lngimou
and the Positions in Which They are Welded . . &

Welding Equipment Available for Teaching to Engineering

DU « « o + » o6 v 0% x5 & &
Courses Inwlving Some Welding . . . . . . . . . . . + « « &
Books and Periodicals About Welding in the Libraries

of Engineering Schools . . . . . . « « ¢ v ¢ v ¢ s o« o
VWelding Movies Available for Emgineering Education . . . .

« 13

W



CHAPTER I
THE NATURE OF THE STUDY

When a new process is developed, it is quite rapidly adopted by in-
dustry. Industry is very much interested in anything new that may help
speed up production, or in some other manner help put a better product on
the market at a lower price. Bducational institutions seem to wait until
a process has been proven in industry before introducing it into the ap-
propriate courses. This investigation is concerned with the introduction
of welding into engineering curricula.

Statement and purpose of the problem. Welding is fundamentally a new
technique which enables man to join metals together. The term "welding"
includes the processes of cutting, shaping and joining metals in order
that they may be utilized in the most effective combinations. As an in-
dustry, welding has grown very rapidly. Fifty years ago, it was only on
an experimental basis that metals were being joined by welding. It would
have been impossible for those early welding enthmsiasts to have predicted
the broad application which the welding industry kmows today. From that
crude art of very limited application, welding has become one of the most
important tools of industry. The resulting products are not only cheaper,
but superior and more durable. Welding offers four essential industrial
freedoms: (1) freedom from excess weight, (2) freedom in improvement of
design, (3) freedom from structural weakness, and (3) freedom to use ma-
terials where they are best suited. Fabrication by welding methods saves
both time and money. Many impertant improvements in welding have occurred
in the last few years. These improvements have extended the field of



practical application of the process. They have increased the rate of weld
production and enhanced the physical values of weld metal. Thus welding
now obtains new and greater ecomomies than ever before. "Design is closely
allied with the application of welding. Welding allows the designer
greater latitude in selection of material and its utilization."l Never
before in history has any single industrial process played as vital a role
as that now being performed by welding.

The progress made by the welding industry is due largely to the recog-
nition, by the more progressive manufacturers, of the usefulness of weld-
ing as a tool of both repair and fabrication. Although welding has been
used in industry for many years, it has only recently been introduced into
engineering curricula. Engineers have studied antiquated methods of fab-
rication by welding methods in order to practice their profession success-
fully. The purpose of this investigation is to determine the mammer in

which the engineering schools of the United States are meeting this new
demand .

Importance of the study. Bducation, as an institution, has been ac-
cused of being twenty or more years behind times in most fields of en-
deavor. Leaders in msay fields feel this is a satisfactory arrangement;
the students get basic ideas and the fundamentals of the field while in
school, and then devote as mch time as is necessary to apprentice type
work where they learn about the latest developments and present practices
and processes being used in their field of interest. Mr. Robert S. Greem

|
%
IE
E

4 Practice, p. 111.




of Ohio State University ucrl:z

Many persons regard the practice of welding as a new wm-
tested process which may come into general use sometime in the
future. This point of view was out of date at least fifteen
years ago, and with their many advantages and disadvantages the
welding processes have taken a predominant place in industry.
Welding has already replaced established forms of fasteners in
many phases of fabrication, and yet many of our technical insti-
tutions are content either %o ignore or to sit on the sidelines
and wait to be convinced.

World War II gave a tremendous impetus to the welding industry. The de-
velopments of welding in the past ten years have indeed been great and far-
reaching. The engineer who is twenty years behind the present welding
processes is a lost engineer. A few institutions have a course of study
leading to a degree in welding engineering or welding technology. These
more progressive schools have recognized a need for such a course of study,
and have recognized the truly broad scope of welding. This investigation
will be concerned with the teaching of welding to studemts of other en-
gineering fields who need to have some knowledge of welding. One of the
reasons educational systems have failed to keep abreast of the latest de-
velopments in industry has been that they have been content to wait wntil
someone else makes the first move. Some of the schools, recognizing the
need, have made the necessary adjustments in curricula to include the
teaching of welding in an adequate mamner. Perhaps this investigation
will encourage others to follow without further delay.

Mothods snd procedure. In order to achieve a meaningful investiga-
tion, the following procedures were used:

2 Robert S. Green, "A New Bmphasis on Welding and Heat Treatment for
Mechanical and Industrial Engineers," Journal of Engineering Education,
(March, 1948), 496-499.




1. A series of conferences were held with the advisors of the
thesis and others interested in the problem, wherein the pur-
pose and importance of the study were discussed.

2. A search of periodical and eatalog indexes was made for in-
formation of related nature and for previous studies on the
subject.

3. A study was made of the college catalogs, from the various
institutions, that were awvallable at the Oklahoma Agricul tural
and Mechaniecal College Library.

4. A questionnaire was developed and sent to the accredlited in-
stitutions.’ The questiomnaire was examined by several in-
terested persons at Oklahoma Agricultural and Mechanieal
College, and corrections and improvements made before it was
sent to the participants. The questiomnaire was accompanied
by a letter of introduction and explamation. A follow-up
letter was sent to the institutions from which there was no
responge to the original letter sad questiomnaire. These
letters and the questionnaire appear in Appendix D.

5. Arrangenments were made with the American Welding Society for
possible publication of 2 summary of results and recommendations.

3 Bngineering edncation is characterized by a wide diversity of cur-
ricllums. In 1945 the Engineers' Coumell for Professional Development,
which acts as the accrediting agency of the major professional engineering
socleties, recognized fifteen separate undergraduate programs, as well as
a number of technical subdivisions of the major fields. In 1945 there
were approximately 166 degree-conferring engineering schools and depart-
ments in the United States. Of these schools, 133 had one or more cur-
riculuns accredited by the Engineers' Council for Professional Development.
See also, Harry P, Hammond, "Engineering Edueation," Collier's o-

, Pirst edition, VII, 275-276. Theresa B. Wilkins, Accredited

nstitutions, Federal Security Agency Bulletin 1949 No. 6, p. 3.



6. Tables to be used in presenting the information were out-
lined before the questionnaires were sent out.

Limitations. The scope of this investigation is limited to those in-
stitutions having accredited courses in some field of engineering. There
are many schools teaching engineering courses that have not been accredited;
however, it was felt that since the accredited schools are so well dis-
tributed geographically, the results would be representative of the trend
in all engineering schools in the United States. The questionnaire was
limited to three pages for the purpose of getting maximum response without
over-burdening the respondents. The questions on the questiomnaire were
made as objective as possible; however, some misinterpretation may have
occurred.

Orgenization of chapters. The chapters are organized in the follow-
ing mamner: (1) Chapter I--The Nature of the Study, (2) Chapter II--
History and Review of Literature, (3) Chapter III--Presentation and Analy-
gsis of Data, and (4) Chapter IV--Conclusions, Recommendations, and Summary.
The information inwolved lends itself quite well to an analysis through
the use of tables and check sheets. The information was gathered with
this in mind and most of the facts will appear in tabular form.



CHAPTER II
HISTOEY AND REVIEW OF LITERATURE

In this chspter a short summary of the development of welding is pre-
sented. Literature concerning other studies of welding for engineers, in-
cluding surveys of various schools which indicate the trend toward includ-
ing welding in the curricula, have been reviewed.

History of the development of welding. The wide application of weld-
ing, as 1% is known today, has been of recent development. However, weld-
ing has had a limited application for thousands of years. Records exist
which indicate forge welding was common 2,000 years before Christ and may
have been kmown even earlier.l

The origin of electric are welding is not too well kmown. There is
evidence that the electric arc was discovered at the beginning of the
nineteenth century by Vasili Dimitrievich Petrov, in the Medical Academy
at St. Petersburg, Russia.Z Toward the end of the nineteenth century, the
idea of using the arc for the welding of metal and its first practical ap-
plication was developed by Bemados and Slavinav, Russian scientists and
techniclans. "Bernados secured his earliest patent of electric arc weld-
ing in 1885, in Germany,...this method of arec welding was patented in all
Buropesn countries as well as the United States."> Further experimenta-
tion by Bernados brought sbout many inventions to improve welding processes
and arc characteristics of electrodes.

1 Boniface B. Rossi, Welding and its Application, p. 47.

2 Vasili Dimitrievich Petrov, Information on Experiments with
Galvano-Volts, pp. 163-16%4.

3 @ilvert S. Schaller, A Chronicle of Arc Welding, p. 3.




Mr. Chaffee, of the Hobart Trade Schools, discusses the development of are
welding, in the United States, in the following statement:”

The first really commercial application of arc welding 1s
said to have been made about 1910, but it was the emergency con-
ditions of the first World War that gave it real impetus in its
development as an industirial process of magnitude....Barly in
the decade following 1920, there were introduced into this
comtry from Burope special electrodes that produced far better
results in arc welding than were possible with the bare rods.
They carried 2 heavy coating, applied by winding and dipping,
which method made them so expensive that they did not acquire a
very wide commercial acceptance.

This was the beginning of the use of coated electrodes, from which have
been developed the many classifications of electrodes that are availabdle
today .

It is sometimes difficult to realize that the development of the oxy-
acetylens process of welding has taken place during the past fifty years.
The development of the oxy-acetyleme process is presented by The Linde Air
Products Company as follows:?

The experimental basis for the development of the oxy-
acetylene process was the discovery by Le Chatelier, A French
chemict, in 1895, that the combustion of acetylene with oxygen
produced a flame having a temperature far higher than that of
eny gas flame previously kmown. The commercial success of the
oxy-acetylene process depended upon the awvailability of both
oxygen and acetylene in sufficient quantities. By a most in-
teresting coincidence, work was progressing, almost simul tane-
ously with Le Chatelier's annomcement, on two other processes
which were destined to insure this commercial success. In May,
1892, a method for the production of calcium carbide, the sub-
gtance from which acetylene gas is produced, was discovered at
Spray, K. €. In 1895 a machine for the production of liquid
air was placed in operation. This machine was the forerumner
of the present process for the mamufacture of commercial oxygen.
It is 1ittle short of amazing to note that the bringing together
of the results of these two investigations—the one at the ex-
tremely high temperature of the electric furnace snd the other

% 4. 7. Chaffee, Practical Arc Velding, pp. 11-13.

5 The Linde Air Products Compeny, The Oxy-Acetylems Handbook,
pp. 15-16.



at the almost unbelievably low temperature of liquid air--ghould
vield a process which can unite or sever metals.

In 1901 blowpipes of a practical type were introduced, and

by 1903 the process began to be used industrially. As experi-

ence was acquired, the foundation was laid for the techniques

necessary for the welding of the various metals.
Transporting acetylene gas under pressure presented a problem at first.
Acetylene gas (Colp) temds to break down into its components when com-
pressed at pressures greater than fifteen pounds per square inch. By con-
structing a ecylinder packed full of porous material--the porous material
being impregnated with acetone, in which acetylene gas will dissolve--it
was possidble to safely transport acetylene umder high pressure. With
acetylene and oxygen available in convenient forms, the oxy-acetylene in-
dustry grew rapidly.

Resistance welding, which today has a particularly broad application
in sheet metal industries, was discovered as discussed in the following
statement by Mr. R. T, G!.Ilot‘h:‘

Resistance welding was discovered by Professor Elihu
Thomson early in 1877 when he discharged a Leyden battery
through the fine wire secondary of a Rubmkorff coil with the
coarse wire of the primary terminals in contact with each
other.

Other welding methods have widened the application of welding until now
there are over forty methods of welding the many metals in use. As new
alloys are developed, the manufacturers of welding machines will make the
type of welding machine needed for particular applications.

Scope of engineering curricula. Many institutions are taking steps
to broaden the educational base for engineering students. There has been

6 R. 7. Gi1lette, "Materials and Methods Manual 31," Materials and
Methods, (November, 1947), p. 98.



considerable discussion about what should be included in engineering cur-
ricula. Some institutions have adopted a five-year curricula in engineer-
ing schools; others are attempting to meet this demand within the scope of
the four-year curricula. This need for a wider educational base for en-
gineers is causing many well established courses of technical and shop
nature to be examined carefully as to their efficiency and necessity.

Ohio State University has met the portion of this problem which eon-
cerns welding in the following mammer: !

All of the work of the engineering shops was examined to
determine whether the technical training obtained in them was
of sufficient quality and quantity.

We did not feel that our shops were accomplishing much in
engineering training, and furthsr, that during the short period
of contact between the craftsman and the student, not a suffi-
cient amount of skill and experience was obtained to effect any
significant change in the subsequent professional status of the
engineer. Consequently, the shops must be made to ecarry their
full weight in engineering training or be discontinued ia favor
of other courses.

Of the two possible choices, Ohio State chose to retain the
work of the shops, and to present the material from the engineer-
ing standpoint. It is felt that more can be taught concerning
the materials, the machines, and the processes of modern industry
in the shops than in other possible courses. There are in ad-
dition certain by-products derived from the shop program. The
student leamms to appreciate the work of the skilled mechanic in
the industrial organization; the student gains some knowledge of
shop procedure and basic safety precautions; the student gains
in selfconfidence; and last and in this case the least important,
the student acquires some small manual skill, He is then left¢
with a basis for future courses in safety, quality control,
design, and management, and a corresponding advantage in his
first positions of responsibility.

The definite function of the course in Velding and Heat
Treating is to illustrate the fomming and treatment of metals
for the tools of industry, and to provide the foundation for the
uge of the welding processes in production and construction
fields.

7 green, loc. cit., pp. 496-499.
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The specific aims of our course in Welding and Heat Treat-
ing are to develop an understanding of the heating and cooling
cycle in ferrous metals, to study metals from the physical
standpoint, and to integrate the knowledge of the physical and
metallurgical properties of metals, as a basis for comprohen-
sion of the welding process.

The course includes two one-hour lectures each week, and two two-hour lab-
oratory periods, and is of ten weeks duration. The students have suffi-
cient time in the shop to become well grounded in visual inspection, smd
are able to distinguish readily the signs of competent welding.

Developments in welding at Hensselser Polytechnic Institute. A weld-
ing course and laboratory have been developed at Remsselaer Polytechnic

Institute which is based on research and experimentation rather than on
practical experience for the engineering students. In deseribing the
welding course for engineers, Mr. Wendell F. Hess, of that institutionm,

states: &

An open and unbiased discussion of the principal spheres
of usefulness of all processes and of controversial subjects—-
such as electric vs. gas, welding vs. riveting as a tool of con-
struction, welding vs. casting as a method of manufacture, direct
current vs. alternating current, acetyleme vs. other gases for
cutt always been an aim of the course, since it is felt
to be most helpful for prospective engineers. HMuch of their
econtact with welding as engineers after graduation will be through
the medium of highly prejudiced individuwals....The variety of
the equipment is wide, the number of any one kind is very small.
Our idea more nearly parallels the newer idea in the working of
metals, that 1t is better to have a variety of useful machines
such ag a small rolling mill, hydraulic s, drop forging
machine, etc., on which the students 11l work in groups, than
to have a lot of simple blacksmith forges for the students to
make ornamental iron work. We feel that it is more important
for our future engineers to understand the prineiples, than to
spend any considerable amount of time merely acquiring manipu-
latory skill. We expect in our theory courses and in our lab-
oratory to familiarize the student engineer with the methods

8 Wendell F. Hess, "Developments in Welding at Rensselaer Polytechnic
Institute," Welding Journal, (November, 1938), pp. 14-18.
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in welding and to make it possible for him to use his
in

now used
Judgment selecting the best method for his particular appli-

cations.

In addition to its use as an attribute in the training of
the undergraduate engineer, the laboratories will provide oppor-
tunities for research in welding....

Rengselaer Polytechnic Institute offers a three-month summer course, to be
taken after the jumior year of school work, which gives the students an
opportunity to get some practical "on-the-job" experience under the obser-
vation of prospective eqﬂ.oyorl.g The objectives of the welding courses,
at the various schools, may differ considerably and still serve the needs
of the respective areas. The type of jobs avallable to the students when

their school work is completed should determine what kind of welding should
be stressed in a given loecale.

Becent welding survey made at Oregon State College. In 1948 Mr.
Asa A. Robley, Assistant Professor of Industrial Engineering at Oregon
State College, made a survey of welding at that institution to show what
the school was doing concerning welding for the engineering and technical
students. In the report of this survey Mr. Robley states:10

The phenominal growth of welding as a production process
during the last twenty years makes it necessary to inecrease
the emphasis on welding in the courses offered in engineering
and technical schools. Few indeed are the graduating students
se schools who will not have at least some contact with
when they get on the job., Many of them will enter in-
and be face to face with large-scale operations using all
of the various types of welding. Others will enter firms where

ve rtmity to introduce welding or to imn-
crease its use beyond the "maintemance only" niche that it has
n the past.

i

:
:
g

9 "Engineering Bducation at Remsselaer Polytechnic Institute,"
Science, (November, 1940), p. 395.

10 ses A. Robley, "Welding in Engineering and Industrisl Arts at
Oregon State College," Unpublished college report, p. 1.
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The Department of Industrial Engineering and Industrial
Arts at Oregon State College is therefore increasing both the
facilities for and the number of courses in welding.

Pour welding courses are now being taught at Oregon State College. An

analyesis of the number of engineering students taking these courses is

11

presented in Table I. Perhaps one of the reasons for increased interest

about welding in Oregon stems from the fact that there was a great deal of
welded fabrication done, during the recent war, on ships and other prod-
ucts in that state, Of the eight engineering curricula represented in
Table I, five include welding as a required subject. Almost nine times as
meny students sre required to take welding as are allowed to elect weld-
ing. The four courses now being offered at Oregon State College are de-
scribed by Mr. Robley as follows: 12

IR 250--Forging and Welding--2 credits—1 lecture and 1
four-hour laboratory period per week. A beginning shop course
which comb ines welding and flame cutting with heat-treating amd
forging.

I8 354--Welding Processes-—2 credits--2 lecture and 1 hour
laboratory period per week., This course will permit a more

thorough study of the various welding processes, building wupon
the background established in IE 250.

IR 355--Welding Production--2 credits——2 lectures and 1
two-hour laboratory period per week, a study of the wvarious

welding processes and how they can be employed most profitably
on a productive basis.

IE 356--Welded Product Design--2 credits—-1 lecture and
1 two-hour conference period per week, a study of the design
of various products and structures so that they can be welded
most effectively, efficlently and economically.
This may seem %o be more welding than would be necessary for englneering

students in many states; however, the studemts at Oregon State College

11 pia., p. 2.
12 rpid., pp. 3-6.
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will undoubtedly find it very useful.

Yelding Equipment at Oregon State College. Oregon State College is
talting advantage of the opportumity to get War Surplus Materials as indi-

cated in the following statement:l>

Considerable new equipment for some types of welding has
been obtained from the War Assets Administration which eould
not have otherwise been obtained. The favorable position
occupied by the schools in the W. A. A. disposal program had
made 1t possible for limited equipment budgets to be spread
over several types of equipment instead of having to be spent
entirely on perhaps one single item....0f course most items
obtained from the W. A. A. were manufactured prior to 194l
and have been superseded by improved models but at least the
school shops will not be so far behind industry for a while
in the vintage of their shop equipment.

A list of the equipment that is either avallable now or will be during the
year 1950 at Oregon State College is presented in Table Il.u'

Welding Engineering at Ohio State University. Recently, a report was
given by Mr. R. 8. Green to the American Welding Soclety at The Ohio State
University on training in welding eugimrhg.15 Welding engineering, as
described by Mr. Green, involves knowledge of three basic areas in en-
gineering:16

...(1) the design of machines, structures and equipment

as well as the design of suitable comnections; (2) the materials
of engineering with partimlar reference to metals, gases and

15 presented at the Thirtleth Annual Meeting, American VWelding Society,
Cleveland, Ohio, week of October 17, 1949, by R. S. Green, Acting Chairman,
Department of Welding Engineering, The Ohio State University, Columbus,
Ohio.

16 . 8. Green, "Welding in Engineering Bducation," The Welding
Journal, (April, 1950), p. 311.



TABLE I

WELDIRG EQUIPMENT AT OERGON STATE COLLEGE

15

Equipment Runber Bauipment Rumber
Oxy-acetylens stations 16 Welding positioner 1
Fortable oxy-acetylene Forging furnaces h
welding outfit 1 Porging hammers (power) 2
Portable oxy~-acetylene Y¥otor driven press 1
cutting outfit i Bending rolls {power) 1
Oxy-acetylens contour ‘ Shear (power} 3
cubting station 1 Oven furnaces {(gas) 2
Oxy-scetylene cutting Pot furnace {bath) 3
shations 3 Driil presses 3
Blectric arc welding machines 15 Grinders 3
Atoniec~Bydrogen Uelder i Hacksaws {power) 2
Heliare Welder 1 futoff maehine 1
Spot Uelder 3 Jib-crane 1
Svbmorged arc welder i :

This shows only the major pisces of egquipment. Uome of the small
power or hand tools are ineluded in thig list,



refractories; and (3) the processes and procedures of the weld-
ing industry. The practice of Welding Engineering includes
such professional service as consultation, investigation,
evaluation, planning, design or responsible supervision of
construction or manufacturing, when such professional service
requires the application of engineering principles and data.

The designing of the curriculum in welding engineering was governed by a
philosophy, the major temets of which ave: !

«e.(1) That training shall be firmly based in mathematics
and the physical sciences, (2) that the techmical training or
the training in the application of science shall be broad as
possible, (3) that it is the job of the university to give scien-
tific training and that it is the job of industry to provide the

required to complete the education of an engineer, and

(%) the purpose of the techmical or applied sciemce courses is
to teach basic scientific principles and to show their relation-
ship to engineering, not merely to provide a collection of wm-

related data and ekills.
Ve feel that the very nature of the welding field is such

as to preclude the possibility of trainiang for a narrow area of

specialization. It is concluded that a high degree of speciali-

mtion would be a distinet disservice to industry and students

alike. It is perhaps an oversimplification but indicative

nevertheless to define our purpose to be that of training men %o

make things out of metal....
The duration of training is five years as adopted by the engineering col-
lege of The Ohio State University. Table III is a summary of the require-
ments of the welding engineering curriculum and expresses in terms of
academic hours and on a percentage basis the relative weight assigned to
each portion of the curriculum.l® Tapie III certainly indicates a broad
engineering base which when coupled with actual industrial experience
should produce a well qualified welding engineer. According to Mr. Greenm,
"The shortage of experienced welding engineers has placed graduates of

the department in an enwviable position with respect to employment and

7 mid., p. Rn2.
18 1via., p. 313.



TABLE IIX

REQUIREMENTS FOR THE DEGREE BACHELOR OF WELDING
ENGINEERING AT THE OHIO STATE UNIVERSITY

Course Hours Per cent of total
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eomp-easation.“19 Sinee The Ohio State University is the only institution
to have such o eurriculum, there is no oppertunity % compare the eurricu~
lum with others. The curriculum can instead be judged by fortheoming

students.

The gulf between wolder and engineer. Unfortunately, there seems %o

be aa ever-broadening gulf between the welder and the enginesr. The in-
creasing technicality of information published by welding periodieals
writtea for men with engineering backgrounds tends to mske this gulf a
gerions problem. HMany engineers legve such $hings as the choiee of jaint
design to the Wﬁlding operator who is uvnqualified to make the proper cholee.
The need to have a better understanding between the sngincer and the weld-
ing operator is discussed by HMr. Thomas J. Barry as follows: 20

It is astounding t6 continually discover the number of
wolders and supervisors who have no mderstanding whatever of
so simple a subjeet as our 4. V. §.-4, §. P. ¥. clagsification
of electrodes, and any mention of arce characteristies, electrode
physicals or metallurgy immediately becomes = barrage of double
talk that leaves them feeling very much relleved when you go away.

...le of the AMEBRICAN WELDING SOCIETY have contimually ex-
panded our knowledge and understanding of various welding pro-
cesses, but the mon in the plants have remained at a statie
level, except in the ecase of o few companies who have the tech-
nicsl men and other facilities to rsly upon.

...L%t was the war that gave welding its greatest impetus,
and at the sanme time produced its greatest deficiency, nomely,
the lack of basic understanding.

Bow con we expeet a welder as a craftsman to mateh com-
pleteness of kmowledge with the rich background possessed by
the eraftemen and masters in other fielde? How can we talk %o

19 Ibia..s p. 315"

20 Thomas J. Barry is Welding Engineer Specialist, Harnischfeger
Corporation, Chicage, Illinois. Thomas J. Barry, "Advanced Training for
Velders end Supervisors," The Welding Journal, {(July, 1949). pp. 639-641,
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these persons if they & not have s basic wnderstanding of what
we are trylng to say?

The general run of welding persomnel are not psople whe

have made an intenszive study of the intrieacies of welding, but

are persons who know very little of many things vhich we talke

for granted, oven though they are comnected with welding in some

capacity. This includes not only welders and supervisors, but

also time study, desizn, engineering and other high levsl de~

partments of industry....
Yy, Barry proposes to lessen the gap by an educationsl progrsm for the
wolders and supervisors. This is of course @ fine thing to incresse under-
standing of the welder so that he night hetter cope with problems of the
enzineer. How can the engineer have an understendins of the problems of
the welding operater mmless he too becomes better acquainted with the
actual applieations of the various welding methoda? Hr. 7. B. Johnson, an
engineer for Goneral Electrie Company, oxpresses hig feelings concerning
how engineers should become acquainted with welding when he states, "Direct
observation end experience is perhaps the best method of learning... 23
The engineer who hag had some practical expsrience with the applieation of
welding will better understand the the problems of the welding operator

and can design the joints %o be welded more efficlently.

Welding at the Case Insti‘hﬁte of Tochmology. Hr. &. B. Carsom, of
the Case Institute of vTechnology, pointe out the importsmee of a good
understanding of welding to the mechaniesl engineering student. The feel-
ing toward welding snd the type of welding course offored at that institu-

tion is discussed in the followlng quotation from Mr. Carson: 22

g p Johnson, "Designing for Production,” Hechanical Engineor,
(May; 19“'7) ¥ 386-332°

2 g. B, Carson, "Welding Course for Mechenical Engineering Students,”
Welding Journal, (August, 1940}, 584-587.




Welding has become such an important method of fabrication
in almost every mechanical goods industry that its omission in

& mechanical engineering curriculum would be open to serious
criticism.

To teach welding merely as a skill of manipulation would
be grossly insufficient from the standpoint of the mechanical
engineering student. It is unquestioned that operator skill
must play an important part in the results obtained from any
manual welding process, but beyond such skills the engineer
must have s complete and thorough understanding of the pro-
cesses and physical properties awallable to him in commercial
practice. He must, in addition, understand the fundamentals
of design and performance characteristics of the various types
of are, gas, electrie, resistance, and atomic hydrogen welding
equipments available as industrial tools.

The college mskes no attempt to compete with the many ex-
cellent trade schools, and consequently does not propose to turn
out qualified welding operators. It does try to turn out en-
gineers thoroughly grounded in the fundamental theory and praec-
tice of welding.

Three hours per week are devoted to lecture-recitation,
and three hours per week to lsboratory practice, during one
semester. The course iavolves: (1) gas welding, cutting, fuel
gases and cutting effects; (2) electric arc welding and equip-
ment, factors influencing welding, sutomatic arc wel ', and
electrodes; (3) weld testing, non-destructive tests; (4) elec-
tric resistance welding, spot, and sutomatic resistance; (5)
thermit welding, atomic hydrogen welding; (6) brasing amd
soldering, bronze welding of cast irom; (7) welding low alloye
steels, and stainless steels; (8) welding copper alloys, and
aluminum alloys; (9) welding pressure vessels, welding of
boilers; (10) aircraft structures; (11) welded machine strue-
tures, jigs and fixtures for welding; (12) welding desiga.

Welding technique is taught in the Industrial Division,
and this division cooperates closely with the design division
to prevent overlap and promote course coordination. The photo-
elastic stress analysis method is alse fully covered in the
design divigion.

Laboratory work is divided in three parts, oxy-acetylene
welding and cutting, are welding processes and fleld trips.
Reports are written on each major laboratory assignment, and
emphasis is placed on analysis of results in an attempt to
creste ability on the part of the student to "trouble shoot"
causes of welding defedts and point out remedies, since this
is regarded as an important part of the mechaniczl englineer's
duty. The eollege department hes X-ray apparatus capsble of
radiographic analysis of welds...



The student engineer who completes such a course as described by Mr. Carson
has an excellent welding background and should be able to cope with prob-
lems that may confront him.

Review of college catalogs. A study of engineering catalogs was made
to determine the importance attached to welding by the various institu-
tions, as indicated by the catalog summary of engineering courses which
night contain welding in some form. Table IV shows the manner in which
welding is presented to engineering students as indicated by the ecatalog
study. These figures compare favorably with information gathered from the
returned questionnaires, as noted in Chapter III. Welding seems to be
represented reasonably accurately in the school catalogs.

Summary. In Chapter II a brief description of the development of
welding has been presented. Several leading welding methods are discussed
from the standpoint of dates of discovery and rapidity of growth and ex-
pansion. The wide application of welding today is of recent development;
however, there has been a limited application of welding, by the forging
process, for thousands of years.

TABLE IV
CATALOG STUDI OF WELDING FOR ENGINEERS

Per cent"

Schools offering welding courses for engineers b2
Schools requiring welding courses in their engineering curricula 22
Schools not requiring any welding in engineering curricula 16
Schools offering courses such as manufacturing processes

which include some welding 4l
Schools not offering welding in any form 12

e ———— =~ ———— L e ———————— o e e el S

® The summation of the per cent column is over 100 per cent because
of overlapping of many schools under the various headings.
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Few studies of a related naturs have been made. A& roview of the
litersture, concerning welding for engineering students, from Oregon State
College, Ohic State University, Rensselasr Polytechnic Institute, and The
Case Iastitute of Technology has been presented. The ilmportance of haviug
the euglneer and the welding operator understend sach otimrts problaszg hosg
'heen discussed. The msaner in ?&Eiﬂh welding is presented in the eollege

cataiﬁgs ig alse aisc'nased.



CHAPTER III
PRESENTATION AND ANALYSIS OF DATA

This chapter will present information gathered from the returned
questionnaires. Lists of the schools to which questiomnaires were sent,
and those schools from which returns were received will be found im Appen-
dix B. The questionmnaire and related letters appear in Appendix D.

Respondents. Of the 134 questiomnaires which were sent, 117, or
eighty-eight per cent, were either returned or a letter was written ex-
plaining the situation concerning welding at the respective institutions.
The questionnaires and the letters of intreduction were addressed to the
Deans of the schools of engineering of the 134 institutions. The ques-
tionnaires were completed by the Deans or were referred to the various
engineering departments as indicated in Table V. A total of fourteen de-
partnents are represented in the replies. The greatest number of answers
received were completed by the following two groups. The deans of the
various institutions answered a total of sixty questiomnaires or fifty-one
per cent of the total number returned. The mechanical engineering depart-
ment faculty returmed thirty-four questiomnalires or twenty-nine per cent.

Representation of states. All of the states in the Union have at
least one engineering curricula which has been accredited by the Engineers'’
Couneil for Professional Development; therefore, at least one question-
naire was sent o an institution in each state. Since the most heavily
populated states have the largest number of accredited engineering insti-
tutions, a greater number of questionnaires were sent to institutions in



TABLE V
ARALYSIS OF RESPONDENTS BY DEPARTMENTS

e ——

Respondent Number Per cent

Deans

o

Archi tectural
Chemical
General
Industrial

woo-
*Laa

Mechanical

Metallurgy

Metal processes
Engineering shop
Manufacturing Processes
Industrial Arts
Velding Engineering
Machine Design

e b AR e e 6w B
3

Adninistrative Engineering
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RN F&E

Totals 100.00
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those states. Forty-six states and the District of Golumbia were repre-
sented in the returns. No returns wers received from New Hampshire and
Virginia. The indusirial development in these states has been comparatively

slight and thus welding may not seenm important.

Departments that offer weldins. A total of fourteen differsnt titles

were given by respondents as the official title of the deparitment in which
wrelding was being offered or teught to englneering students af the variocus
institutione. The mechaniesl ongineering depariment, as indiecated in
Table VI, is the department responsible for welding in the greatest number
of institutions. Forty-five, or approximately sixty per cent, who anawered
this part of the »guéatiﬁnmi'm., indiecated that welding was tanght by the
mechsnical engineering department. The motallurgiesl engineerins depart-
ment was second highest with seven institutions, or approximately nine per
cent, reporting this department as the one teaching walding. Only ene
institution reported having a welding engineering department--this was at
The Ohio State University. Uilah State Agricmltursl College has a welding
wit in the metalwork department whileh offers a four-ysar ecurriculum in

welding for the englnecering students at that in@%ituﬁ’i:an.,

Helding required or elected. Of the sixteen enginsering curricula

listed in Table VII which are a.cerediteﬂ by the Bagineere' founeil for

Professionsl Bevelapment,l the students in mechanical engineering are re-
quired to take w.eldi.ﬁg at the greatest number of institutions. This is to
be expected since 1t is the mechanieal sngineering department that offers

welding at most of the institutions as indiecated in Table VI. 4 tetal of

X iletns, op. eit., pp. 92-103.



Zepartment Wombher Per cont
1. Administrative ensinsering i 1.33
2. Agricultural and mechanieal 1 1.33
3. Civil ongineering 2 2.66
4. Bconomies of engineering 1 1.33
5. Engineering shops g 3.99
6. Genersl engineering ” 5.44
7. Industrisl Arts departnent i 1.33
8. Industrial engineering 3 3.99
9. Industrial Edueation depariment 3 3.99

10. Hanufacturing processes depariment 1 1.33

11. HMechanical engineering b5 66.00

12. Metsllurgical engineering 1 9.35

13. Metal processing department i 1.33

14. Metalwork depariment, welding unit 1 1.33

i5. 1 1.33

Welding engineering




VELDING FOR SIXTEEN BNGINEERING CURRICULA

TABLE VI
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, o Y ke

= 2 e

= E ® B4 o

=8 238 238
Curriculum ‘gﬁ'ﬁ 8 3§ BEg 7 5 uwf %
v85 5258 82 FE O§ g3 o8
'gé’e?'f:l 'gl%gﬁ ﬁm_g i = %-;’ 4o &
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1. deronautical hg; 34 2g. 22 %9- 6 2
2. Agricultural : 3 16 11 g 5 T
i. Archi tectural 17 13 g Yy 5o U
. Ceramic 11 9 1 25 3T
5. Chemical 55 hs 27 16 60 11 Wo
6. Civil 120 98 30 12 b 12 6o
7. Blectrical 126 10k ] 28 67 16 33
£. Puel technology 2 2 2 2 100
9. General 8 i 14 6 u3 g 57
10. Industrial 29 2h 33 2% 79 7 =21
11. Mechaniesl 107 87 63 58 92 5 g
12. Metslluzgical 37 27 20 10 56 16 e
13. Mining 32 26 11 Y 36 7 &k
14, Rawvel architecture 3 3 2 2 100
15. Petroleunm 19 18 10 b ko 6 60
16. Senitary 29 27 g 1 12 7 83

Potals 203 107

Column (2) of this table gives the total number of institutions that
bave either had the sbove eurrieuls acereditsd or hove them ag ontions of
other accredited curricula.
guesticn. This nocessitated having tws eolumms, (3) and (1), iz place of
just one. The per cent columns are based only on those respondents who

anawered the guestiosn on this particvlar subjset.

L

Wilkins, op. eit., pp. 92-103.

*» Seo Appendix B.

Hot all of the respondents zaswered each



fifty-eight respondents indicated that welding was 2z required subjeet for
mechanical engineering students at the respective institutions. Table VII
liste the sixtecn accredited engineering curriculs and indieates those in
which welding is either reguired or am elective. This table shows only
the fact that some kind of welding program is required or mey be elseted--
the particular type of welding courses offered will be discussed later in
this chaopter. It is sigificant that there are over eleven times as many
institutions which require mechsniecal engineering students to take welding
ag thers gre institutions that offer welding as an elective for these stu-
dents. This tendency, although not se proncunced, is noticesble in the
totals vhere, as the summabtion of zll the curriculs, there is a ratioc of
approximately two reguired to each one olected.

The mambey of institutiong wherein the students may siect welding ex~
ceels those vhere welding is required in only seven curricula. These
seven curricule include fields in which the spplieation of welding would
be linited, or in which the importfance of welding is at ieast minor. Only
four institutions have an aceredited eurriculve in agricuvlbursl enginecry-
ing. Respondents from eleven institutions indieate welding is required in
agricultural ongineering. Velding may be elected as part of agrienitural
sngzineering in five additional Institutions. This indieates that many
institutions., where the agriculturazl engineering curricula are not yet
acersdited, reaguirs students to take some welding when studying ia that
field. This is significant sinee it indicates that welding ies not just an
after-thought, but is being considered as an importent subjeet in the de-
velopment of curricunla, which may soon become accredited, in thoge iasti-

tutions.



Other curricula. 1In addition to the sixteen accredited curriewls

listed in Table VII, the respondents named five othsrs, in which welding
was required, that might be considered as non-accredited onginesring cur-

riewla, These curricula are listed in Table VITI. Just as the welding

PABLE YIII
HON-ACCEEDITEDR CURRICULA SUGGESTED BT RESPONDENTS

Curriculunm Retiulred Tlective

1. Bngineering physica
2. Textile engineering
i Porestry engineering
. Automotive englnseriag
5. Weldiag engluceving

e

|
y

industry is growing, so might these other eourses grow and becoms ctandard
accredited ourricula at some time im the fuilure. The last of the sugcested
sourges, welding engineering, has been developed at Chic Siate University
during the past few yours and is the basis for a degree in welding en-

gineering ,E

Per cent of gtudents that elect welding. Of the respondents who in-

dicated in Table VII that welding msy be taken za an electlive, 2 subsequent
question was asked to determine the percentage of students actunlly taking
welding as an elective. Table IX gives the results of the forty-eight

respondents to this question. One of the respondents reported that the

2 Although this course has not as yet beenr accredited by the Enginecers’
Souneil for Professional Development, the ecourse is one which is preparing
men to be welding engineers. This is an indication of o need for such a
course in that area.
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TABLE IX

PER CENT OF STUDENTS THAT TAKE WELDING WHEN IT IS NOT REQUIRED

rsncprert rrerrer e
e me e

[

Rumber of respondents Per Fumbor of respondents Per
reporting this percentage ecent reporting this percentage cent
1 12 1 4

o 11 2 3

9 10 6 2

1 9 3 1

o 8 12 €]
) 1 2 Few or small

0 6 percentage

10 5

per caat varied with the different eurriculums and that at that Instltu-
tion there was a large percentage of the agricultural engineering students
that elected welding, but relatively small percentages of the other cur-
riewluas d4id se, Thia is undoubtedly the case in most of the institutions
and the figures presented in Table IX can be considered %o be the estimated
averages of all the curricula at the institutions. The greatest estinmated
percentage was that twelve per cent of those studenis not required to take

welding did so, the sverage of the estimates being six psr cent.

Specia) courses for engineers. Hany institutions have developed

welding courses especially for engineering stuwlents. Fifty of the 117 re-
spondents reported that a welding course designed espeeially for engineer-
ing students had been adopted. The nature of the course varled a great
desl, depending upon the needs of the locale., Table X is a list of the
schools, listed alphsbetically by states, that reported o special course
in welding for engineering students. It will be noted that £ifty per cent

of the respondents that answered this portlon of the guestionnaire reported
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that a special course designed for eagineering stulents was being offored.
Only two of the fifty respondents indicated that the speeial course in-
volved lecture omly; all of the others imecluded gome form of laboratory
work. Respondents of six iamstitutions reportsd that the cugineers re-
celived only work in the laboratory in the speeisl counrse. An aversge of
one and four-tenths hours per week are spent in lscturs with three schoolis
glving three hours of lecture on welding per weelt. The aversge time spent
in the laboratory ig over thres hours per week. The content of the weld-
ing course for enginesrs vories considerably: the amount of time deveted
to "degisn for welding® for exomple variled from zero to twenty hours with
an average of four and onea-tenth hours. The time devoted to “procedures,
speeds, and costs' follows somewhat the game patterm with a spread from
zere to £ifty honrs and has an average of over nine hours. This can be
accounted for to some extent sinee esritain phases of welding may be covered
in other courges. Mr. €. Highie Toung of the Cooper Unlom for the Advance-
moat of Science and Art states on his gquestionnaire return that:
...%e have no courses or subjecte dealing entirely with

welding. The mochanical eugineers have a course in Mechanical

Frocesses in the first semester of the third year,...approxi-

mately elight hours of this is ziven to all types of welding....

In the senlar year, the subject of Machine Design is given.

We devote approximately four hours to the design eharacter-

istics of wslded joinds...the mein purposs of this iz to se-~

quaint the machine designer with the approach to the problem

of wolded congtrmciion.
Similar statements were male on reburng from geveral of the other insti-
tutiong, indleating tlet many eaglacering curriculums provids fer study

of %desiza for weldlng” iz addition to those listed in Table X,



INSTITUTIONS OFFERING SPECIAL COURSES IN VWELDING FOR ENGINEERS

Institutions

Semegter credites

Quarter credits

Lecture hours

Laboratory hours

Hours devoted %o
design

procedures, speeds
and costse

Houre devoted to

1.

2.
3.

L

0 o ?'lm

10.

13.
14,

ﬁ.
17.

19.
20.

Alabama Polytechnic Institute,
Auburn
University of Arizona, Tucson
Stanford University,

Palo Alto

Colorado Agricultural and Mechanical
College, Fort Collins

. University of Delaware, Newark
. University of Florida, Gainesville

Georgia Institute of Techmology,
Atlanta

. University of Idaho, Moscow
. I1linois Institute of Technology,

Chicago
Northwestern University,
Evanston, Illinois
University of Illinois, Urbana

. Purdue University, Lafayette

Rose Polytechnic Institute,

Terre Haute

Iowa State College of Agriculture and
Mechanical Arts, Ames

State University of Iowa, Iowa City
Louigiana Polytechnic Institute,

Rus ton
Louisiana State University,

Batan Rouge

. University of Maine, Orono

Magsachusetts Institute of Technology,
Cambridge
Tufts College, Medford

. Michigan College of Mining and

Technology, Houghton

. University of Michigan, Ann Arbor
. Wayne University, Detroit, Michigan
. University of Mimnesota, Minneapolis
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TABLE X (Continued)

Institution

Hours devoted to
QA MO OO |procedures,
speeds and costs

. Mines and Metallurgy, BRolla
University, St. Louls
. Montana State College, Bozeman

. University of Nevada, Reno

. Stevens Institute of Technology,
Hoboken 1
. New Mexico College of Agricul tural

and Mechaniec Arts, State College 2

. Cornell University, Ithaca

Rensselaer Polytechnic Institute,

Troy
Syracuse University, Syracuse
State College of Agricul ture and
Engineering, Raleigh 1

. North Dakota Agricultural College,

State College 2
. Ohio State University, Columbus 3
. University of Toledo, Toledo 2
. University of Oklahoma, Norman 1
. Oregon State College, Corvallis 6
. Pennsylvania State College,

State College 1
. Agricultural and Mechanical College

of Texas, College Station 2
. Rice Institute, Houston 2
. Texas Technological College, Lubbock 1
. University of Texas, Austin 3
. University of Utah, Salt Lake City 1
. Utah State Agricultural College,

Logan 2
. Btate College of Washington, Pulman 4
. West Virginia University, Morgantown 2
. University of Wisconsin, Madison 2
. University of Wyoming, Laramie 2
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Yhen welding is offered. The respondents were asked to report the

year in which the engineering students are scheduled to take the welding
courae. Table XI:‘ shows that only ten institutions have welding seheduled
for the freshman year; although, in an additionsl eleven schools welding
may be talen any year. In eighty-five per cent of the reporting institu-

tions, welding is taken after the freshman year, This may indicate that

TABLE XI
THE YEAR IV VEICH VELDING IS TO BE TAKER

Preshman Sophomore Junior Senior Aay
year year year year year

Hunber of
inatitutions ® : 10 39 24 L i1

% Thege figures do not represent aeparste and individual ingtitutions,
gince seversl of the respondents reported that welding may be taken during
more than one year.
the course is of greatest value when the student hos had a year or more of
other subjects. Mr. H. M. Black of the Iows State College, recognizing
the importsnee of teaching welding in connection with some metallurgy,
made the staotement on the returned questiommaire that, "Welding should be
taught in parallel with a good course in engineering netallurgy. If it
follows such a course, you ean really teach welding fundamentals.? The
sngineering faculty at the Rice Institute in Houston, Texss, feels that it
ig an advantage to teach welding during the fourth year. The gusetion-
anire retum of Hr. James Woodburn of that institution has the following

gtateumsnt:
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«..1 cannot put our shop courses in the firast or second
year, and the fhird year belng so crowded, we have placed the
shop courses in the fourth year, and feel that it is a decided
advantage becauss the gtudent is more mature and con under-
stend the ideas being presented much mores thoroughly.
Comments from the returns of other schools indieate that welding cam be
better understood and is more valuable to the student if taken after var-

ious other engineering subjecis.

Helding course -etent. The respondents were nsked to indicate, (1)

which welding methods or processes were being taught, {2) vhether the
methods or processes were taught as a part of a general course or as s
special course in welding for englneering students, and (3) whether the
course was & lecture or laboratory course. Thig information is presented
in Table XII. The processes that involve oxy-acetylene welding or cutting
and thoge that invelve an eleetric are welding machine are the ones with
the greatest nmuber of respondents reporting. Only in the cases of uetsl-
lig 2re welding and oxy-acetylene welding 834 the number of respondents
who present welding in the laboratory exceed the number of those present-
ing any type of welding through use of leetures. These two popular pro-
cessas are apparenily being presented in some enses without the bemefit of
an aceompanyingz leecture. The advantages and disadvantages of this pro-
cedure will be discussed later in Chapter IV. The totzls show there is a
tzndency in the eatire group %o present the wvarious processss by the lee~
ture mathod and in gome cages without an accompanying presentation in the
lsboratory. Approximately one snd three-fourths as many welding processes
srae offered to englneering students in ecourses oupselally designed fov
engincering students as in courses open %o all students. I% was rather
wexpected to the writer to find s good representation of the comparatively

recent welding developments such as the inert gas-are, metal spray, spot



TABLE XII
WELDING PROCESSES AND MANNER OF PRESENTATION

General Special course Presented Presented in

Process course for engineers in lecture laboratory

1. Forge welding 13 15 3 15

2. Resistance welding 12 25 37 27

g. Metallic are welding 17 28 39 42

. Carbon arc welding 14 22 39 23

5. Atomie hydrogen

welding 7 16 32 16

6. Inert gas-arc welding 6 17 36 16

7. Air-acetylene welding 3 13 18 10

8. Oxy-acetylene welding 22 31 39 53

9. Oxy-other fusl welding z 9 19 1
10. Thermit welding 15 gz 3
11. Gas brazing 19 27 37
12. Mectric brazing 1 17 26 13
13. Dip braszing z 12 24 2
14, Purnace brazing 11 25 3
15. Oxy-acetylene cutting,

. manual 27 Lo 53 47
16. Machine cutting 1; 26 33 33
17. Contour machine cutting 1 22 9
18. Are cutting 10 25 18
19. Metal spray 3 3 1
20. Spot projection 1 1
21 . Hardfacing 1 1 1 1
22. Automatic arc 1 1 1
zz. Soft soldering 1 1 1
24, Silver brazing 1 2
25. Induction welding 1

Totals 201 359 567 390
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projection, automatic arc, and induction welding processes. Schools pos-
sessing equipment for the teaching of the se processes include them in the

welding course for engineers. These schools certainly are not twenty years
behind times.

Materials being welded. There seems to be considerable difference of
opinion as to just how much welding practice an engineering student should
have. Mr. Robert A. Wyant of Rensselaer Polytechnic Institute summariszes
the feelings of many of the respondents concerning the extent of welding
practice the engineering students should have when he states, ".,.we make
no pretense of training weldingz operators so we confine our work to the
flat position only." Other such statements include the fact that the op-
portunity for welding practice was limited to the welding of more common
metals., Table XIII is a list of common metals included in welding courses
for engineering students and indicates the positions in which those metals
are welded by students. The tendenecy to concentrate on welding in the
flat position only is evident in the totals, although a large number do
teach welding in all positions.

Bronze and extruded shapes are materials added to the gquestionnaire
list by the respondents-—this accounts for the low numbers in these ma-
terials. In addition to the information in Table XIII, some of the re-
spondents reported that other materials were welded during demonstrations
but were not included in later laboratory practice by the students. Others
included such practical welding experience as the repair and fabrication
of locally manufactured items.

Welding equipment. Respondents were requested to indicate the type
of equipment being used in their laboratories. They listed twelve types
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TABLE XIII

GOMUON METALS INCLUDED IN VWELDIRG COURSES FOR ENGINEERS
' AND THT POSITIONS I¥ WHICH THRY ARE VELDED

Position in which the metals are welded

Hetals

Flat Vertieal Overhead Horizontal All
Sast iron 32 2 1 3 g
Cast steel 9 3 i 2 5
Low earbon steol 42 14 6 16 17
High earbon steel 13 3 i ] |1
Stainless steel 15 3 2 3 3
Aluminun 23 3 i 3 3
Copper 8 3 1 1 2
Brass i0 3 1 2 5
Sheet metal 21 T 1 3 1z
Plate 20 9 3 T 15
Tubing 13 3 3 3 12
Pipe | 13 5 5 3 12
Bronze 1

Bxtruded shapes 1
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of equipment in addition %o the twelve which were included in the question-
naire. Only fifty-eight per cont of the total mumber of respondents indi-
cated that welding equipment was available in the school for iastructionsl
PUrDOSes . The oxtent to which the various types of equipment zare used is
indicated in Table XI¥. The last twelve items would probably have had
kigher rapfésentatian'kaa the items been included in the guestionnaire.
Some institutions have indicéted the joint use, by two er more deﬁartments,
of such equipment as Z-ray machines, magnaflux machines, fatigue and im-
pact machines, and other types of testing and analyzing>machines. This is
indeed & cooperative and cconomical plan as it sllows better use of ths
siuipment without the added expense of the equipment for sach department.
Arc welding and @zy—acefylane welding are strong favorites in institutions
where engineering students get some getual welding practice with averages
of approximately nine work stations for each process in the institutions.
Uxy-acetylene cutting and resistance welding squipment is reported by =
large number of respondents. The number of units reported is law beeausse
the equipment is used by 21l the students. Such equipment as the photo-
elastiec, photo-micrographic, and heat treating eguipment in schools as
ghorm in Table XIV indiecates those imstitutions feel that weldling can be
most valunble when taucht in conjunction with other courses which use this
type of equipment or vwhen the welding course itself includes the use of
this equipment.

The feelings of many of the respondents are expressed by Mr, L. A.
lioore of tho University of Uyonming in the statement, ¥...,we do not have
enough modern welding eguipment for our englineers." Hony institutiens
were able to got War Surplus Egquipment, as indicated in Chapter II, to

improve this condltion.



TARLE XIV

VWELDING EQUIPHMENT AVAILABLE FOR TEACHING WELDING TO % INEEEIRG STUDENTS

G [ 7]
w S8 5 a%
R -
9 6 B &t 8 éa ke
£ 0 &2 o g+ 0c0
e » = e g8
N k 2 3 -y kB B ‘9 &.ﬂdﬂ E
Type of Bquipment g L5 23 EIze
sy 28 25 uye¥
P é L g M P
o H ¢ o ?fu-a 0 & fierd
98 E. gr E3Bg
Ef S8 &8 gE88
1. Arc welding stations 58 28 8.6 5
2. Oxy-acetylene stations 55 kg 8.8
3. Merual oxy-acetylene cutiing 35 5 2.6 g
i, Muchine oxy-acetylens eutting 3T 2 1 2
5. Contour oxy-ascetylene culting 16 3 1.1 2
6. Resistonce welding by 9 1.6 3
7. Iuert gas—-are welding 18 2 1.2 2
g. Automatic welding machines 8 3 1.4 o
9. Bgviprent for phote-mlerogrophle
studies 3T 37
10. Houlpment £o7 photo-slastie
studies oh e
1i. Bguinvent for tension anmd
bending tests hg 6 2 26
12, Byuipment for heat treating
welded specimens or projects uy 20 4.3 29
13, Atomie hydyogen welding nachine 3 1 1 2]
1Y, Thermit weldingz equipment 1 1 1 0
15. Mogusflux machine 3 1 1 o
16, Fatizue testing machina 1 1 1 ¢
17. Impact testing nmachine 1 i 1 '}
18. X~ray machine z 1 1 ]
19. Power shear 2 1 1 0
20. ¥icro-hardness testing machine 2 1 1 O
21. Lnthe 1 8 1 o]
22. Drill press 12 2 2 8
23. Grinders 2 b L 0
24, Induction heating equipment 1 1 1 ¢
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Courses involving some welding. Many institutions provide welding

for the engineering students as a part of 2 general course vhich msy pre-
sent many common fabrication processos. A total of forty-one of the 117
respondents present welding in this manner. Table XV liste the wvarious
course titles in which welding is included and some general information
about these courses.

Mr. H. 7. Bibber of Union College in Now York comments om the manner
in which that institution teaches welding to the engineering students as
follows:

At our ingstitution we glive civil engineering and electrical
engineering only. We have always been light on shop work,
scheduling no courses and having no eguipment. ¥We depend on
frequent inspection trips te the Gensral Bleetric Company works
here, and summer employment in the plant to give our students
the famillarity. Welding is discuased in a course in the Jr.
year called "Hechaniecs of Materials"™ where methods of fabri-
cation are discussed, and where students are taken on imspee-
tion trips to Schenectady Works of the Gemeral Electric Gompany
where all types of welding are seen. Weldments in struectures
are presented again to our elvil engineers in cur murses in
Structures and Structural Design. No siundent over holds an
electrode under our auspices though many have aummer jobs where
they leamn.

In sone of the genersl courses for the engineering students no provision
is msde for welding practice. However, valuable informatien ean be ge-
eured by taking advantage of the opportunity to mske local field trips o
companies where many types of welding are done. Soveral respondents indi-
cated that field trips were used to suwpplement other training in welding.
The general courges vary somewhat with twenty-two different course titles
reported; and the eredits for the courses wary from non-ecredit courses to
others offering uwp to nine credits. The important point 1s that even
though many institutions cannet schedule welding courses as such, dus to a

number of limiting factors, welding is ine};ﬁed in a general course along



42

TABLE XV
COURSES INVOLVING SOME VELDING

Average Average Average Per econt

Rumber credit number of number of of time

report- hours/ lecture laboratory spent in

Fitle of course ing week hours/week hours wolding

1. Introduction %o
metal-working pro-~

cesses F O 1 1 3 20
2., Banufacturing processes 16 2.5 1.k 3.5 25
3. Production proecessing 1 2.5 2 0 20
4, Metal processaing 2 5 2 2.5 22
5. Machine shop methods 1 2 1 3 50
6. Mechanics of materials 1 1 1 2 60
7. Casting, working, aand
welding of metals 1 2. 1 2 33
8. Hetallurgy of and
welding of motals 1 3 2 2 160
9. Machine tool laboratory 1 5 2 b6 15
10. Processing of v
engineering materials 1 2 1 3 15
11l. Enginesring production
processes 1 1 1 2 5
12. Shop processes 1 1 4} 3 5
13. Shop work 4 1.75 5 2.3 1k
14, Methods of menufactur- '
ing, casting, weld-
ing, and hsat treat-
ing metals 1l 2 1 2 50
15. Welding engineering 1 3 2 3 60
16. Engineering materialsg
and processes 1 5 2 3 15
17. Mechanical technology 31 O 6
18. Shop welding : 1 2 1 2.5 »
19. Production engineering 2 y 2.5 4.5 58
20, Metal casting, forming
and welding 1 3 2 35
21. Mechmical processes 1 3 2 3
22. Haterial proceases
Avarages 2.3 3.2 2.9 H.6
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with other shop processes. The average amount of time dovoted to welding
is approximately thirty-five per cent,.

Heiding 1libraries. The rospondents were asked to report on the size
of the welding library at thelr respective iastitutions by indicating the
aunber of books and periedieals, which were primorily concsrned with weld-
ing, available i’z’z the iastitutions’ 11’5:'3;'1@3. The reports indieated great
variation in the welding livrarieg, with s minimmm of noue and 2 maximum
of 2,000 books and 100 pericdicals. Table X¥I gives some statistics on

the library recults.

TABLE XVI

BOOKS AVD PERIODICALS ABOUT WALDING
If THE LIBRARIES OF ENGINEERING SCHOOLS

Hunber of ‘Haximum nember Average nunmber

achools per institution per institution
Books 60 2,000 76
Periodieals 53 100 7.5

Seven lustitutions reported having what is exlled s Lincoln Library.
Me. A. 7. Davis, seeretary of the Jares F. Linecoln Aye Yelding Foundation,
describes the Linecln Library as fellews:

The trustees of our Poundation authorized the establidhing
of welding libraries or eollections of weldlng books in a good
number ¢f the engincering schocls thromghout the Unlted States.
This is quite & good sized collectien of books, codes, reprints,
ete. It is kept up regularly as new technicsl books, esdes or
articles appear; the latest to this colleection having been the
Bendbook of the Americsn Velding Socioty. The purpese of the
libraries being o encoursge and stimulate sclentific interest
in, and scientific study, vescarch and edneation in respect of
the development of the are welding industry through sdvance in
the knmowledge of design and practical spplicatlon of the are
wolding process.
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These schools are indeed fortunate to have this fine eolleetion of books
and this gervice extended te them for a nominal fee. A few respondents
nentioned that they were able to obtain waluable literature for welding

libraries fron many of the larze companies who are interested in welding.

Film libraries. PFilm strips, motlon pictures, and slides are being
colleeted to form film libraries at a few institutions. Several of the
regpondents indicated they felt films were excellent teaching aids that
can be uged in the instruection of welding beeause the film ean show the
broad scope of welding as well as detaile of instruction at a relatively
low cogt. Hany schools have preojection egquipment which is awailable to
all fields of endeaver. Such a situation lends itself nieely to the prob-
lem of presenting welding {o engineering students. Films may be obtained
from many welding firms without eharge. Table XVII is a list of training
films available that can be obtained by ordering well in advance of show-

ing time.

Welding as an engineering option. %The respondents were asked to in-

dlcate if any provigsions had been made for engineering students at the
various institutions %o elect welding as sn engineering option., Sixty-
three respondents stated that it was not possible to elect welding as an
engineering option. Velding can be an engineering option in seven insti-
tutions wmder veried conditions. HMr, P. B. Eyle, assistant director of
the School of Metallurgieal Engineering at Cornell University, states that
g welding problem may be alected as a senlor project.® Students at Ohio
State University who are interested in welding, msy major in welding but
no provision is made for students of other engineering fields to elect

welding as an option. The general feeling toward welding as an option



WELDING NMOVIES AVAILABLE FOR ENGINERRING EDUCATION

TABLE XVII

b5

Pitle of Hovie Film

-Galér, Sound, Size

Showing Time

Phe Inside of Arc Welding

The Inside of Atomic-
Hydrogen Veldlng

This is Resistance Welding

The Stoxy of A.-G. Telding

Welding of Aluminum (de-
seribing 21l types of
welding)

New Horizons in Welding

The Prevention and Control
of Distorticn in Are
Welding '

The Magic Wand of Indua-~
try--Arve Yelding

Menufacture by Are Weld~
ing

Structural Steel Telding

Oxy-acetylene Velding of
Red Brass Pipe

The Construection of The
Airlines Terminal

Barthmoving Tekes TVings

Introduction to Oxy-
acelylene VWelding

Installation of Continu-
cusly Velded Rail in
Moffat Tunnel

Pabrieation of Stern Fromes

Fabrication of Heavy Parts
by Thermit Welding

Oxy-acetylens Welding
Light IMetal

Hanual Cutting %o a Line-
Freehsad

Phe Guided Bend Test

Preheating Welding and
Stress Relieving

Profits of Progress

Prosperity Process

Story of Arc Teldlng

Welding

Unionmelt Welding--An
Elﬁctrie flelding Proeess,
T4

Color, mound, 16 mm,
Golsoy, sound, 16 mm,
Color, soumd, 16 mm.
Blaek and white sound, 16 mm,
Black snd white sound, 16 mm,
-Gefier, soumd

foloy, sound

Blaek and white silent, 16 mm.

Kodachrome silent, 16 ma,
EKodachrome silent, 16 mm.

Eodachrome silent, 16 mm.

Black snd white sound, 16 mm.
Color, sound, 16 mm.
Color, sound, 16 mm,
Color, souvnd, 16 mm.
Black and white sound, 16 mm,
Black and White sound, 16 mm.

Black and white sound, 16 mm.
Black sad white silent, 16 mm.

Black and white somd, 16 mm.

Black snd white sound, 16 mm.

Color, somnd, 16 mm.

Biack and white sound, 16 mm.

Block and white silent, 16 mm.

& reols,

2 rsels,

16 nin. esch
10 min. eadh
25 min.
20 nin.
20 min.,
20 min.
25 win.
45 nin.

(100 £t.)
(350 £t.)
}

{uoo ft.

20 min.
(400 ££.)
(750 £4.)
{1,000 £t.}

21 min.

o1 min.

17 min.
15 min.

10 min,
20 min.
25 min.
25 nin.
15 min.



PABLE XVII (Continued}

Pitle ef Wovie Film Color, Sowmnd, Size Showing Time

Unionmelt ielding in In- Black and white siltent, 16 mm. 15 min.
dustry, U-5 ' _ o

Uaionmelt Welding in Gen- Black sad white silent, 16 mm. 15 nin,
eral Applications, U-7

Plame-Priming the Drum 16 mm. 15 nin.
Gates of Grand Coulee
Dan, B-8
Flane-Cutting of Billets 16 mm, 15 min,
and Bars, B~9 v
¥lame-Hardening by the 16 mm, 30 min,
Oxy~acetylens Frocess,
k-2
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seems to be expressed by lir. W. §. Truckenmiller of the University of
Hichigen as follows: "I bslieve that welding is of a suffieciently special-
ized nature that it has no position as an engineering option in undergrad-
wate curricula. It oceuples a position similar %o machine shop practice
in this respect.® Not all of the respondents had this attitude and the
fesling a.a;f changs as industryﬁakes a-‘greater demand for angineérs ha.ving

a background in welding -eng;tneéring.-

Xg suff‘i clent weldiang being offersd o engineerst Respondents from

forby-six institubions were of the opinion that suffiecient welding was
belag offorsd in their respective lanstitutions. Twenty-two respondsnts
alt that the weidinz courses shoﬁla ba added, revized, or lmproved. The
types of welding eocurses being offered Ly the various iastitutions were
discussed earlier in this chapt@r.3 Mr. J. ¥, Pield, of the New Mewies
Agricultural and Mechanie Artas College, stated conceranlng the adequacy of
welding at that institution, "It depends a leot of course in which line of
work the student intends to follow.® This is of course true ané is ew—
shanized by the following statement by Mr. H. B. Hashall of the University
of Maryland, %...adequate for options given; a production option in mech-

zalesl ongineering would reguire mors welding .Y Ifechanical englnseriag

atudents get the zreatest amowmat of welding at the present time, as pre-
viously mtaa.i“ The enzinsering courges at some schools are now being re-
viewed for the purpcse of providisng adequate welding. TFinding suffiecient

time is a problen for many asz indicated by Mr. Otis Bemedict, Jr. of the

3 See pages 30-35.



Pratt Institute, "We in the Menufacturing Processes Department would like
to have more tirme for instruction in welding, but st present ses no way of
getting nore time." As mentioned sarlier, this problem has resulted in

the adeption of a five-year progrsm in some institutioms. Iir. Halph Scorsh,

Chairasn of the College of Bagineering at the University of Missouri, w’hd

reportsd Insdeguate vwelding for engingering stulents, aske the followins

S

Guostlons "Considering the whols englineering curvieuium zad the plaece of
the engineoring gyadeate In the profession, vhet $s the falr and equizsble
tiue sllowsnve for welding aad bow ¢hould that 4ime be used?” The types
of vomurses offered, the types of sauipwent ia use, vhich sre distussed
earlisy, give on over-z11 pleture of what ths sveraze institulien bas %o
offer iv the woy of welding for cpginecewys. An atbempt 0 answer the ques-
tion of Lr. Sccrsh move compleisly i wade in the eonclusiens of Chzpber

REAYY

iv.

Comnents and suggestions of respondents coacerning welding for sngi-
neering students. The respondents were asked to make constructive comments

and suggestions about pregent or proposed welding ecourges for englineering
students. The response to this request was partienlarly good with sbout
thirty respondents paking some type of cowment. Thewe conmments are com-
piled in the Appendix and will be analyvzed ss a group in the conclusions

in Chapter I¥V. This snalysis will aid in snewering Ho. Scorabh's guestion.

Summary. Ia this chapter, information gathered from the returned
qusstionnsires was presented and analyzed. The gquestionnaire consisted of
fiftesn questions, each designed to obiain pertinent informatioa, and the
infornation from ea@h question was presented and analyzed individuslly.

The comments and suggestlons of respondents concerning welding for
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engineoring students are compiled in the Appendix and, when analyzed as a
group, give an indication of what type of welding course should be had for

enginoering students.
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CHAPTER IV
SUMMARY , CONCLUSIONS, AND RECOMMENDATIONS

In thie ehapier, a brief summary of the preceding chapters will be
presented. 4 list of conclusions and recommendations, drawn from a study
of the information on returned guestionnaires ineluding the comments of

the respondents, are alse presented.

Summary of study. Fifty yeors ago, welding was practiced on an ex-

perimsntal basis only. Industrislly, welding has improved and expanded
rapidly. Iadustry is wvery much interssted in anything new that may help
speed up production, or in some other manner help put 2 better product on
the market at o lower price. This lavestigation is concerned with the
introduction of welding inte engineering currieula of colleges znd wniver-
sities. Although welding has been used in industyy for many yesrs, it hes
only recently been introduced into engineering eurrievia. The porpose of
this investigation is to determine the mamner in which the engineering
schools of the United States are meeting this new demand.

Fdueation, 23 an institution, has beenr accused of being twenty or more
years behind times in most fields of endeavor. The welding industry has
progressed at such a tremendous rate during the last few years that it
would be s serious situation to have engineering students graduwating who
were twenty years behind in their understanding of present day methods snd
procedures.

A collesze cataleg study end sn investigation by questionnaire of zll
ingtituntions having accredited undepzradunte engineering eurricula was made
to determine how welding was being tavght in the institutions. Question~

naires were sent to the Doans of the Sc¢hools of Engineering of 134



institutions.

In Chapter 1I a brief deseription of the dsvelopmeut of welding was
presented. The study revealed that some experimenial work had been done
on certein welding processes as early as 1885 , but the major portion of
the development of the processes has cecurred during the past fifty years.
There has been a limited application of welding, by the forging methed,
for thousands of ysars. Fow studies of a related nature have been made.
Studies m&é at Oregon State College, Ghio State University, Rensselaer
Polytechnic Institute, and The Casse i’matitute of TPechnology were reviewed.
The manmer in which welding is jgreseﬁ:teé iﬁ the eollege catnlogs was dis-
cussed. The imporiance of having the engiﬂeer and the welding operator
wderstand each other’s problems was discusged by ir. Thomas J. Barry,
welding speciclist for the Harnischfeger Corperation in Chieago, Illincis.

In Chapter III, information gathered from the returned quesstionnaires

was presented and analyzed. On the questionnaire, answers to fifteen ques-
| tiens ware req\uested,,_ oach designed {o obinin pertinent information. The
information from sach guestion wes individwmlly presented snd analyzed.
Of the 134 questionanaires which were sent, 117, or eighty-eight per cent,
were returned or a letter of explanation was written regarding the welding
situntion at the respective institutions. All except twe states were rep-
resented in the returns. Fourteen different titles were given by rgsponﬁm
ents as the official title of the department in whieh welding was being
offered or taught to engineering students. Respondents indieated that
gixty per cent of all welding for engineers is offered by the wmechanieal
engineering departuente. Only one institution -- Chio State University --

reported having 2 welding engimeeriang department.
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The Engineesrs' founcil fo;r Professionz) Development hasg secredited
sixteen uadergraduate éng,ineering ecurrienla. Of the sizteen currieuisa,
students In mechanical engineering are required ts take welding in the
greateat number of Institubions. Respondents suzgested five currieuls in
which weldmg i{:s important in addition to the «si;xteeﬁ accredited curricuia.
Ia one institublion, as high ss twelve per cent of the students who are not
regquired to toke welding do so as an elective.

Eifty institutiona have d;eveiope@._ welding courses ospeelally for en-
gineeriﬁg .s-tn&_antS. The nature of the course varies a great desl, depend-
ing upon the needs of the localas. An average of approximately ono and one-
half hours are spent in lecture each week and sbout three hours are devobed
to laboratory work. mere is a tendency %o schedule welding courses during
the sophomore year in the majority of the inatitutions, however, some re-
gpondents stated that they .thought there was a big advantage in having
welding taught Just before the advanced engineering courses ln design. A
total of twénty—-ﬁve welding processes wers reported by fe'spo&ﬂsnts‘ T
phasis is being placed on electric are welding, eleetric resistance welding,
oxy-scetylene welding and eutting, and inert gas-arc processes.

Although many of the reospondents iadilea.ted that the development of
manual _skili_ was not a major objoctive in an engineerts course in welding,
a large number of courses for englneers teach welding in all positions snd
include many materials as indicated in Table XITI. Modern welding equip-
ment is available in many institutions for teaching welding to engineering
students, but, mest of the 'réspané;ents indicated they would like to have
more sad battﬁer‘ ,elmipnieﬁi;.

Some respondents indicated it wae extremely lmrd to find enovgh time

in g four-year engineering ecurricula to include shop courses. The adoption



53

of five-year curricula has solved this problem for some institutions:
others have developed courses of a general nature which include several
types of shop subjects in one course.

Libraries containing books, periodicals, and films pertinent to weld-
ing are being developed at many institutions. Interested companies some-
times offer assistance in providing literature or films to be shown to en~-
gineering students.

What constitutes the right kind of welding course for engineering stu-
dents? This question is partially answered in the figures presented in
Chapter III. The conclusions of the entire study aid in further answering
this question. Several respondents indicated that courses at their re-
spective institutions were being reviewed to see if welding was being pre-

gsented in an adequate manner.

Conclusions and recommendations. This investigation has determined
the manner in which welding is being taught to engineering studemts. The
study has also raised questions concerning (1) the amount of time which
ghould be devoted to welding, (2) the manner in which this time should be
spent, (3) the type of course in welding which is desirable for engineers,
(4) the course content, and other pertinent problems., Information has been
gathered from the returned questionnaires, from comments and suggestions
by the respondents, and from quotations from several leaders in the engi-
neering and welding fields. Many of the respondents expressed a desire to
be informed of the results of this investigation. Arrangements were made
with the American Welding Society for possible publication of a summary of
the results of the investigation. From a study of the questiomnaires and
a careful review of other information, the following conclusions and recom-
mendations have been drawm which should help answer the above questions:
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1. The importance of welding in am engimeering curriculum is deter-
mined to a great extent by the immediate need of such kmowledge in any
given field. Almost without exception, the respondents were agreed that
mechanical engineering students should be required to take some welding.
Local industrial conditions will influence the amount of welding required
in other engineering curricula. It would be well to examine the present
means of presenting welding to engineering students to see if it is being
done in the most efficient manner. Steps should be taken to insure the
inclusion of welding in other courses where it is applicable. All engi-

" meering courses should emphasize welding as one of the most popular and
versatile fabrication and repair processes.

2. Welding courses should be closely coordinated with other courses.
Welding can be most valuable to engineering students when taken at the
same time or immediately after courses in metallurgy, metallography, and
other similar courses. IEngineering courses in machine design and structural
design should follow welding. These courses should be taught in terms of
welded design where welding is applicable. Students can become familiar
with welding if in drawing courses, the students are required to use weld-
ing symbols and standard methods of indicating welds on items being drawm.

3. There is a great need for better text material for teaching weld-
ing to engineering students. Handbooks and books for teaching manual
skills are plentiful but spparently there are no texts sultable for teach-
ing welding to the engimeer. A book, written especially for this purpose,
is needed.

i, Many of the respondents recognize a need for more welding for en-
gineering students but, due to crowded time schedules, find it very aiffi-
cult or impossible to add any more courses. This crowded time schedule



problem has led to the adoption of Five-year eurrieuis at a few institu-
tiong. Uany older courses are being exemined to see if they sre making the
best use of the time sllotted to them,

5. Uhere crowded time schedules appear, nany institutions hove do-
wvoloped ¢ genersl shon course which ineludes several manufacturing pro-
cesses. This type of course is betier tham not having any course at a1l
in which welding can be precented.

. Lectures, demonstrations by gualified men (ia nddition to regular
staff), movies, slides, chalk talks, and sominar diseunsions are oxesllent
methods of presenting welding to engineering students where regular courses
cannot bhe scheduled.

7. Students shouvld be encourzged to obtoin summer employment in lo-
eations and in types of work vhere they can beeome familiar with the ap-
plication of nany industrial processes. School eredit is sometimes given
for this type of werk,

8. Inginscring students are net expected to bveecome proficlent welding
operators; namial skill is not imporitant. Insteand, ithe objeetive of a
welding course for enginsevs should bs o give the giutents an wdsystand-
ing of 211 the welding methods and the application of these methods in the
enginesring field., Students ghould have enough sebusl welding practice so
they can sppreclate the ym’ifalemé of the welding operator snd perhions elim-
inate soue of these problenms in future design.

g, Imborabory work should incdlude simple shop experiments designed o
aefusind the student with commoa welding problems in industyry.

15, Tolusble help musy De obiained from compsniss intereated in welding

in the fors of lectures, free literature, movies, s%e.
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11. Institutions should take advantage of opportumities to conduct
students on frequent field trips into industrial plants.

12. Institutions should also take advantage of opportunities to se-
cure equipment from war surplus supplies where possible.

13. The success of the Velding Engineering curriculum at Chic State
University and the interest expreseed by several respondents in similar
curriculs indicates that this field is becoming more important anmd will
probably become an accredited curriculum sometime in the future.

1Y4. Where possible, a speclal course designed for engineers is the
best way %o present welding to engineering studeats.

15. Welding for engineers should not be scheduled during the freshman
year. The students understand it better when they are more mature and i%
is wost valuable to them if taken later.

16. The course content should include a discussion of the various
‘types of metals and the processes by which they can be welded. Machine
design and structural design are affected by welding and should be included
in sny welding course for engimeers. "Procedures, speeds, and costs" of
welding are also important to the engimeer.

17. A library of books, periodicals, and other literature pertinent
to welding should be made available to engineering students by every in-
stitution.

18. A few institutions are engaged in experimentsl research work con-
cerning various phases of welding. This type of work should be encoursged
in more institutions.

19. Future studies concerning welding for engineering students might
well be devoted to developing welding courses, ianstructionsl material, and
other materisl that can be used tc present welding to engineers.
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LIST OF INSTITUTIONS HAVING

ACCREDITED UNDERGRADUATE ENGINEERING CURRICULA

2. Arisona
3. Arkansas

4, California

5. Golorado

6. Comnectlout

* Respondents
*Alabams Polytechnic Institute
Avburyn, Alabama

*University of Alabama
Tuscaloosa, Alabama

*University of Arizona
Tucson, Arizona

*University of Arkansas
Fayetteville, Arkansas

*California Institute of Technology
Pasadena, California

*Stanford University
Palo Alto, Califormnia

*University of California
Berkeley, California

*University of Santa Clara
Santa Clara, California

*University of Southern Califomrnis
Los Angeles, California

*Colorado Agricultural and Mechaniecal College
Fort Colling, Colorado

*Colorado School of Mines
Golden, Colorado

*University of Colorade
Boulder, Colorado

*University of Denver
Denver, Colorado

*United States Coast Guard Academy
New London, Connecticut

*University of Connecticut
Storrs, Connecticut
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Tale Universi ty
How Hoven, Uonmecticut

7 aﬁéﬁé *Eﬁi%‘.’!‘ﬁi“ﬁy of Belaware
KQW\‘Z&, Delavars

&. Digtriet of Qolumbla  *Catholic University of Americs
’ - Vashington, B. €.

*Goorge Uashington University
Vashington, T, €.

*Tovard University
‘ashington, D. G.

9. Florida *Uuiversity of Florids
Gainesville, Florids

16. Georgia “Georgia Institute of Technology
Atlants, Beorgla

11, Idaho *University of Tdahe
Hoasow, Idshe

12. Illinois *T1llinois Tnstitute of Technology
' ghicago, Illinois

*University of Iilinols
Urbana, Illinois

*Horthwestern Uaiversity
Besnston, Iilinois

13. Indians *Purdue University
Lafayette, Indlans

*Rose Polytechnic
Torre Haute, Indiana

“Duiversity of Kotre Dome
EBotre Dame, Indians

14, Zowas *Tova State College of Agriculturs and Mechanie
Lrta
Ames, Iowa

*State University of Iowa
Iowa City, Iowa
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Eansas

1o, Kentucky

170 “.«,7‘

18.

15,

20.

21,

Haine

iassachusetis

liichigan

S e
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Kznpas State Colicge of Agriculture and
Agplied Science
Hanhatten , Kansas

*Talversity of Kansas
Lawrence, Hansas

aiversity of Kentucky
Lexington, Kentucky

*University of bouisvilles
Lonisvilie, Kentucky

"'Louisie;m Polytechnic Institute
R‘é’;ﬁt{;ﬁ' Loniciovug

*Louisisng State University
Bztorn Rouge, Lounisiang

*Pglane University
New Crleans, Loulsiana

*Toiversity of Heins
Oreons, Haine

*¥obng Hopking University
Beltivore, Haryland

*Univeraity of Heryland
feollege Parlk, Maryland

*Hazrvard 'i;‘mivers‘ t‘;;
Garbridyre, Hassochusetts

“Magsarhusetts Institute of Technolegy
Caubridge, Maasachusetis

*Northesstern University
Bogton, Mogsachusetis

*Pufts Coliege
¥edford, Masasschugetts

*Horeester Polytechnic Institute
?Jarcester, Magaachugsetts

*}ichigzn Collage of Mining snd Tschnology
Houghton, iﬂlChigqﬁ

*Hickigen State CGollege
Baot Lansing, Michigan

ol



22. Minnesots

23. Mississippi

24. Missouri

25. Hontans

26. Hebroska

27. Eevads

28. Hew Hampshire

29. Hew Jersey
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*Mniversity of Detroit
Detroit, Michigsn

*University of Michigzan
Ann Arbor, Wichigan

*Vayne Tniversity
Detroit, Michigan

*University of Minnesota
Hinneapolis, Minnesota

*Mississippl State Collego
Btate College, Mississippi

*University of HMissouri
folunmbia, Misgouri

*Mines and Metallursy
Rolla, Missouri

*Washington University
8t. Louls, Hissouri

Slontans School of Yines
Butte, Montana

®*Hontana State College
Bozenon, Montans

*University of Nebrzska
Lincoln, Nebraska

*University of Nevada
Reno, YWevada

Dartmouth Gollege
Hanover, New Hampshire

University of RNew Hampshire
Durham, Few Hampshire

¥ewark College of Englineering
Newark, New Jersey

*Brinceton Univeraity
Princeton, How Jermey

*Rutgers University
¥ew Brunswick, Wew Jersey
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¥Stephens Institute of Technology
Hoboken, Wew Jersey

30. Hew Mexice *Hew Mexico College of Agzrieuliure and
Hechanic Arts
State College, Wew Mexico

*How Mexico School of Hinoa
Socorre, Hew Mexico

University of New Mexieco
Albuguerque, Hew Mexico

31. Hew York *Alfred University
Alfred, Hew York

*City College of the City of Hew York
Hew York, Wew York

"Clarkeon College of Technology
Potadam, Bew York

“Colurbia University
Rew York, New York

*Cooper Union
Hew Yoxk, Now Yoz

®*Cornell University
Ithieca, ¥ew York

*Manhattan College
Rew York, Bew York

*Hew York University
¥ew York, Hew York

*Polytechnic Institution of Brooklyn
Brooklyn, New Tork

*Pratt Institute
Broockiyn, Rew York

*Rensselasr Polytechnic Institute
Proy, Hew York

*Syracuse University
Syracuse, Hew York

*Ualon College and University
Schenectady, New York



APPENDIZ B (Continusd)
*University of Rochester
Bochoster, How ¥York

Webb Ins titute of Waval Architecture
Tew York, New York

32. Horth Carolina *Duke University
Parhow, Borth Corolins

*State College of Agriculture and Engineering
Roloizh, Vorth Carolica

33. North Dakota *Horth Dakota Agrievlturst College
Stade Sollege, Horth Dakoia

*Taiversity of Worih Pakota
Grond Forks, North Dakota

34. Ohig Cose Institute of Technology
Cleveland, Ohie

*Penn College
Bleveland, Ohio -

%#0hio 8tate University
folumbus, Chis

*University of Alron
Keron, Ohiso

*University of Cincinunti
Ginciwnati, Chis

*Uaiversity of Toleds
leds, Ohis

3%, Cklshoma, “Cilahoma Agricultural and Mechanieal College
' Stiilvater, Oklahoms

"iversity of Oklahoms
Hoymon, @iahons

*iversity of Polea
Talgae, Oidshoms

36. Orogon *Oregon State follege
' Gorvallis, Cregon

37. Penngylvenia *Bucknell University
' Lewisburg, Pennsylvania




38. Bhode Island

39. South Caroling

45. South Dakota

41. Tennessee

42, Texas

65

APPENDIZ B (Continued)

*Carmegie Institute of Technology
Zitvgburgh, Pennsyivania

*Lehigh University
Bethlehenw, Peansylvanis

*Pennsylvania State College
State College, Penasyivaunis

“Swarthmore College
Swartlusre, Peansylvania

Uaiversity of Pemnsylvenia
Philadelphisn, Peansylvanis

University of Pittsburgh
Pittabargh, Poangyivenis

¥¥illanove College
¥illenovws, Pepasylvanisa

*Brown University
Providence, Bhode Igland

*Bhode Island State College
Kingaton, Fuode Island

*Clomgon Azricultural College
Clemson, South Gorolinas

The Citadel
Chnrleston, South Sarwling

University of South Garolina
Columbic, South Uarolina

*South Dakota Stote College of Agriculture amd
lechsnic Arts
Brookings, South Dakets

*Upiversity of Tennessoee
Fnoxville, Tonunessos

*Yonderbilt University
Basghyville, Tennesgee

*Aspicultural =ad Mechaniecal College of Texas
@ollege Station, Texas

*Gollege of Mines snd Metallurgy
M Paso, Texas
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*Rice Institute
Honston, Tezns

Southera Methodist University
Palias, Termas

*Pexas Technologieal College
Tubboelk, Tozas

*University of Texas
Ausiin, Tewns

k3. Utah *University of Utah
821t Loks Oity, Ulsh

*Wtsh 8%ate Zzricuitural College
Logan, Utah

Wi, Fermont *Hoywich Universltyy
Rorthfisld, Vermont

“Tniversity of Vermont
Burlington, Yormond

45, Virginia Bniversity of Timginia
S Charlottesville, Virginia

Tirsinia Militory Inctitute
Lexington, ¥irzinls

Firginia Folytechniec Institute
Blacksburg, Vireinias
46, Vashington *State College of Uashington
- Pulmsn, Washington

University of Uashington
Seattle, Unshingston

47. Uest Firginis *Fest Virgipin University
‘ Morgontom, Test Virginia

g, Wisconsin Morquette Tniversity
¥ilwoniree, Wisconsin

*University of WViscounsin
Modigan, Tisconsin

5T
wd

. Hyoming *University of Vyowming
Laranie, Wyoming
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AFPENDIX C

Appendix C consists of comments and suggestions of the gquestiommaire
respondents concerning welding for engineering students.
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1. ¥r. ¥a. E. Heuer, Agsociate Professor of Mechanieal Engineering, Uai-
versity of Toleds, Toleds, Chio.

I would reesmmend that a welding ecourse to be o must for 81l
College of HMechanical Enginesring Students. The University of
Poledo College of Engineering has this in mind.

2. ¥r. &. €. Williams, Professor of Chemiesl Engineering, University of
Louisville, Louisville, Kentucky.

This subject is discussed in about 6-% lseturss and one
netallographic laboratory pericd in a pair of ecourses on metal-
lography. This amount is quite adequate.

3. Mr. Bobert A. Wyant, Assoelate Profossor of Metallurgieal Eagincering,
Renssclaer Polytechnic Iastitute, Troy, Hew York.

I am very woch interested in your project, not only as a
teacher in the welding field but also as chairman of the Bdueca-
tion Committee of the Ameriecan Welding Soclety. It is needless
to say that the comnittee will be very much interested in your
results, I feel our program is adeguate, however, there is room
for improvement. The grematest noed is for betier text material.

¥, Pr, 3. Woodburn, Chairman of the HMechsnical Engineering Department,
Rice Institute, Houston, Texas.

I feel that this field is extremely important to mechanical
engineers and we try to give them as much of it as possible.
The student takes six hours of laboratory work psr week through-
aut the year, that is, the mechaniesl engineers snd electrieal
engineers. This course 1s an olective for other departments.
Iz addition to our regular staff, we have at various times
throughout the year quslified men to give tolks and/or demon-
strations to the engineerinz astudents in welding....which I
think is tmeh better than having the same sld lecturs courses
that are ususlly found in many engineering schools. Liberal use
is made of educational films put out by the various industrisl
firmg dealing with welding equipment or machine shop eguipment.
These films ave sxcellent and partieularly those whieh are
eolored snd have o sound track, and I believe that it is much
easior for 2 student to grasp ideas in this manner rather than
trying to toll him or teach him in the class room.

The woy ouwr courses are set up in these varioes shops ig
that immediately after comploting this work follow it wp with
machine design, such work then being fresh in their memory and
can be used o the beet possible maximun advaniage.

W@ have a mall enrollment.,.and, therefore, can spend
considerable time with the individual wstudents in their shop
courses which T bolieve is s deecided zdvantage....
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5. ¥r. Henry 8ilha, Professor of Mechsniesl Eﬂgineeriﬂg Bepartnent, Uni-

vorsity of Idsho, Hssecow, Idahe.

In the Hochaniesl Boginesring Pepartment we offer o eourse
in welding desisned for eugzineors.. . We ialte wo design eonsidera-
tions, welding techuigues, metallwgy of welcli ng znd allied
preblems....

6. Mr. C. Higbie Young, The fooper Union for the ﬁdﬁf@ﬁ%ﬁ@ﬁt of Sclenece

7.

and Ars, Caorer Bauars, New York 3, Bew Tnrk,

.« W2 have no ecouvses sy gubjects dealing eutirely with
welding. The nechonienl engineers have o course in Mechanieal
Processes in the first semester of the third year....Approxi-
mately eight hours of this is given to all types of welding,
incluiias forpe welding, drop Torge welding, eleetrice arc weld-
ing, eleetric resistance welding, and flame cutting and welding.
Lorgely. this is to aequaint the boys with the processes and
limitations, primsrily desisned fo give them o backeround neces-
sary to a machine designer.

In the senior yeer, the subjeet of Machine Design is piven.
e devote spproximately four hours e the design character-
istics of welded Joints. Jgain, the maln purpose of this is to
acguaint the machine designer with the approach %o the problenm
of wolded coustruction.

© A1l of this materisl is suppiemented with lontern slides
and black’board chalk talks . We feel thai; siace we are makiﬁg
is sufficient wntil tiiey set into industry and Find the need
for it when they will be sble %o supplenment their preseant
owledge with further study.

Mr. Webster B. Jones, Carnegie Institute of Technology, Schenley Park,
Pitvesburgh 13, Pennaylvania.

All shop courses in the Gollegze of Engineering and Sclence
at the Carnegle Institute of Teclmology were dlacontinued some
years =£6, and no wolding eourses or welding shop practice is
included in the engineering curriewla.

. ¥r. ©. A, H. Josrzen, Dean of the Gollege of Enoineering Hniversity of

Gincinnati, Oincimnati, Ohio.

¥o courses in welding are offered. Boys interested in
welding get it in thelr cooperative work. Welding demonstra-
tions are held,
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9. ¥ir. &. 8. Crouse, Head, Dopartument of linszs ond NMetallurzical ngl-
neering, Universliy of Eeatucky, Lexington 29, Keuntueky.

Te ds not offer welding courses as such, bub ds include
gone instructions in our summer course for meinllurgliesl en-
ginacrs.

15, Mr. . K. Barnard, Chairman of Department of Hechanieal Bagincorinz,
University of Hebrasia, Tineoln 8 Nebrasls,.

Qur welding material and pracitice is Tor ensinsering sio-
dents o use in a carvser. Thoy arve not oxpeeted 4o hescome
welders. Hore time scould be used profitably but a tight eur-
riculun does not permis.

11, #r. 6. T. Huratl, LODR, in chowge of Baglneering Laboratory, U. 5.
Coast Guard Aeadewmy, Wew Y.ondon, Conneeticut,

Telding conaisgtes of a ghorh sowmd movis--sbout halfd su
hour, a2 short lecture~-shout half an hoar snd a praectieal
welding period of two hours with three students mnder one
instruetor. This iz 211 the formnl coversze in this subieﬁt
hawever, there is & practical work program vhieh rang 3 hours
a week for 8§ somesters for all studemts, and soms do get extre
inatrue‘&ia& in welding doving this prozraw. Howsver this is

2 hit and miss proposition ond only & amell percentage would
.get extm welding ing%m%im.

12, ¥r, &. £, Good, meessor of BEnglneering Shop Beparitment, Vayne Uni-
vers*rty, DBotroit, Michigan,

There is a great nesd for a text book on weldisg written
aspecinily for students in BEngineering Colleges and Unlver-
asities,

13. Mr. Waltor I, Bunerson, Head, Mechenical Basinesring Department,
Noraich Ualversity, Worthfield, Vermont.

Sirple shop experiments would be helpdfdl.

14, ¥r. 7. B. Kouwenboven, Deon of Bnginoeringz, The Johns Hoplring Univer-
sity, Beltimore 18, s aryland.

e do *ﬁ@t offer o course in welding at the Jokns Hopkins
University. Ue & hovever offer advanesd work on the proper-
sies of meetne arcs and on the physics of the are. I=n saddi-
tion, we carry oan considersble fundamentsal ressarch im the
£iold of welding.

15. #ir. Gonvnd dek Bliss, Professer of Industrial ﬁk«‘"iﬂﬁéi‘iﬁgv Berth
Caroling Staie Oollege of Assicilture and Bngineering, Raleigh, Horth
Garolina.



e feel that adeguate training iz welding is important
in about the same relation as other production processes.
Coverage of the baslic fundamentals of welding are about sll
that can be accomplished in the regular eugineering training.
We can hardly hope o train mem as resl specislists in welding
as it is not the purpose of an enginsering education to ereste
gpecialiste in any one field. #An attempt %o do so would omd
too deep into the common core of basie engineering training,
the basie engineering subjects common to any group who are
gradunted as engineering gradustes in any branch of englneer-
ing. We belisve that industry wants men well grounded in
these fundamentale, rother then specialists.

16. Mr. Boorge L. Sullivan, Dean of the Gollege of Engineering, Univer-
gity of Santa €lars, Sante Clara, Califemia.

We reauirs all of ocur engineering students to iske shop
ingtruction one aftermoon a week during the freshman year.
A part of this shop instmuction they recelve some instruction
on both electric and gas welding. This iz 511 the direct in-
straction they get, but the strength of welded joints is
treated in design courses for the €ivil Engineers and Hechan-
ieal Enginecrs in their Junior year.

17. ¥xr. R. &. Paddock, Professor of Mechanicel BEngineering, University
of Arkensas, Fayetteville, Arkansas.

W do not give any separate courses in welding. In our
Elementary Forge and Machine Shop course one three hour peried
is devoted each to electric arc welding and gas torch welding.

18. Mr. John ©. Reed, Clnirman of Department of Mechsnical Engineering,
Bucknell University, Lewlsburg, Pennsylvania,

oo J0ur ingtruction in welding is given in conneetion
with {or as & part of) a required course entitled Process
Enginsering. In this course differsat types of welding are
govered in lecture and some pra.ctwal work is given in the
laboratory portion of the course.

The work is coversd in spproximately four of five l-hour
lecturss and abous three F-hour periods in the laboratory.
We realize that this is not encugh time for such an important
gubject, but we do not know whers to obtain more time in an
slready crowded mechanileal enginesring curricula.

It is only oceaslonslly that of our shudents ox-
presses any parbiecular interest in welding. ¥eo doubt this
aecounts for our lack of development of weldlng eourses.

19. ¥r. H. M. Black, Head of Department of Mechamical Eagineering, Iowa
State Gollege, Ames, Jowa.



+«.Teach 1t in parallel with a good course in engineering
metallurgy. If it follows such a course, you can really teach
welding fundamentals.

20. Mr. Harry Udin, Professor of Metallurgy, Massachusetts Institute of
Technology, Cambridge 39, Massachusetts.

' two
lectures per week for 15 weeks--no lab. This course covers
materials (50%), processes (258), costs (58), and desiga (20%).
M.I.?. has no formal shop program.

21, Mr. P, M. Feiker, Dean of Engineering, George Vashington University,
Washington, D. €.

We recognize welding as an important method of mamufacture,
but we do not have time to give technical instruction in it.
. «olike many other important and strategic methods of engineer-
ing practice, the time now necessary to teach basic and funda-
mental courses, makes 1t impossible to do more than to "work
in" welding theory and practice in courses in manufecturing
methods, machine desizn snd enginsering msterials, and in the
form of seminar discussion.

22. Mr. L. 3. Lassalle, Dean of Engineering, Louisgisns University,
Baton Rouge, Louisiana.

Ve find it impossible to put a2ll the subjects that are
desirable in a b year curriculum.

23. Mr. Fred J. Lewis, Dean of School of Engineering, Vanderbilt
University, Nashville, Temnessee.

We have received considerable help and 1iterature from
the Linde Air Products Compeny.

24, Mr. A. M. Hill, Head, Mechaniecal Bngineering Department, Tulane
University, New Orleans, Louisiana.

Ve use movies on welding technique. A steel barrel manu-
facturer is visited (Rheem Mamufacturing Company) and class
gsees large resistance welders in operation,

25. Mr. Myron G. Mochel, Associate Professor of Mechanieal Engineering,
Clarkson College of Techmology, Potisdam, New York,

At Clarkson we do not teach welding as it is our present
belief that the skill and ability to weld is not the funetion
of an engineer, but the work of 2 tradesman. We further
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believe that if an englneer Leecomes @irectly zsscciated with
wolding pm@tmsﬁ w cen weae‘%,.ly obtain the necessary welding
$raining.

» Heebmnicsl Paginesying ctumcﬂlmz includes some very
i&teﬂ ive worle dealing with Toglineering Holerdisls sud Henu-
foeturing, iaclading sove work In ouy Malerisls Tshoretory
and on ovy Menmfachuring Laboratory. Gur objoetive is o
cover thoroughly the subjeet of umaterials and mewnfacturing
with the thought of glviag our mechanical englivnesring stu-
ﬁan a =i oxecellanl backeground for mechenieal &eaign OF manu-

facturing. Accordingly, we &smss weminﬁ; bub do not have
the *‘i‘.'nde*ﬂ ba weld,

. ¥p. €, J. Freund, Deen of the Gollege of Engiﬁeez*iag., University cf
Betrelt, Dotroits A, %ii&lugan.

Thers ave no formal courses in welding in the CGollege of
Baginscring of the Unlversity of Deiroit. However, instruetion
in welding %echnolngy s 2n Integysl part of the sl ject matter
in the seronsutiecsl, chemiesl, metallurgical, eleetrical and

vechmiical divisions of fastruetion. Bmphsals ig placed on
welding *ﬂrtieﬂ&ﬂy iu the mechine desizn courses, and I
bolieve that there ig & cam’esp@nding attestion paid to weld-
ing in struectural courses.



Appendix D consists of a letter of introduction to the questiomnaire,
the guestionnaire, and a follow-up letter.
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OKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE
School of Trade and Industrial Education

Stillwater

March 24, 1950

Dear Sir:

Welding, as an industry, has grown at a tremendous rate and
has won its place as one of the foremost methods of fabrication
today. Engineering schools are faced with the ever present problem
of keeping their various curricula in tune with the needs of
industry. In recognition of this fact, I am making a survey of the
offerings in welding in the colleges in this country whose engineer-
ing curricula have been accredited by the Engineers! Council for
Professional Development. This survey will include a careful study
of the catalogs of the respective schools together with information
which I hope to secure through questionnaires addressed to deans of
engineering schools. The results of the survey will be the basis
for a thesis under the title, Welding in the Engineering Curricula,
and a summary of the findings will be sent to the editor of the
Welding Journal for publication.

I am asking for your cooperation in this study. Enclosed is
a questionnaire which I kindly ask you to complete and return to
me in the self-addressed and stamped envelope at your convenience,
An effort has been made to arrange the questionnaire in a form that
will require the least amount of your time., Your cooperation will

be greatly appreciated.
—, m%/t:@w
K/ea

Lynn J. Chribftensen, Instructor
Engineering Shopwork

LJC/nd
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WELDING IN THE ENGINEERING CURRICULA

Lynn J. Christensen, Instructor
Engineering Shopwork
Oklahoma Agricultural and Mechanical College
Stillwater, Oklahoma
Spring, 1950

Directions: Please f£ill in the blanks below as they apply to your institution.

1. Reported by Position

Name of Institution

City State

2, The official title of the department that offers welding courses for engineer-

ing students is o

3. MNumber of full time and equivalent of part time teachers in department .
4. If welding is included in your shop program, please indicate below if it is

offered as a required or as an elective subject in the engineering curricula.

Curriculunm Required Elective Curriculum Required Elective
Aeronautical Industrial

Agricultural Mechanical

Architectural Metallurgical

Ceramic Mining

Chemical —_— Naval Archi-

Civil tecture

Flectrical Petroleum

Fuel Technology Sanitary

General Cther

5. Approximately what percent of the students elect to take welding in depart-
ments in which it is not a requirement? A

6. Does your school offer a welding course that is designed especially for
engineering students? (Yes (No) If the answer is "Yes"s
A, How many hour credits are given? Semester Hrs, Quarter Hrs.
B. Give number of clock hours per week. ______ Lecture ______ Laboratory
C. Give number of hours of the course devoted to machine and structural

design for welded fabrication. Hours

D. Give number of hours devoted to procedures, speeds, and costs.



[

7. If welding is offered as a part of your shop program, during what year may it

be taken? Fresh. __ Soph. Jr, Sr, Any year

8. Following is a list of processes common in welding. Flease check the ones
which are included in your welding course,

esented

53
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General Special course during lecture during laboratory

Process treated course for engineers period period

Forge welding
Resistance welding
Metallic arc welding
Carbon arc welding
Atomic hydrogen welding
Inert gas-arc welding
Air-acetylene welding
Oxy-acetylene welding
Oxy~other fuel welding
Thermit welding
Gas brazing
Electric brazing
Dip brazing
Furnace brazing
Oxy~acetylene cutting
Manual
Machine
Contour machine
Arc cutting
Other processes

T T
I THETETEET

. Laboratory work for the above courses includes welding of the following

Nej

materials in the positions indicated. Flat Vert, O. H, Horiz. All

. Cast 1ron ...ccccccevecscscsocvssccasno
Cast steel ceesceescossccsocscssasacesnss
Low carbon steel sececocccsssccsseccscas
High carbon steel ccceececcceccscecosss
Stainless steelsS ceococeccoosscosacssas
Aluminum coeeecesccsccccoooessecosccooss
Copper 0600260300008 000COe0EDR000B0OOSES
Brass csssoccscccscocscecccoseoscscssoo
Sheet metal secocecoscancccsscssscacnos
Plate ccooccecsscoccosevsscessosscnsses

.
Tllblng @090 000DP0O00GO6E0O0O00B8000008PULBE00
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Give mumber.

Are welding machines end booths {work St:ablons) seeesesessesccssccscose

Oxy-acetylene torches and tables (wozk ubuClODo) sessocesccecesssacenso
Manualily operated oxy-ocetylene cutling machines and tables cseecoccssca
Oxy-acetylene cutting machines and tables (automatict) sceeceosscccsvons
Oxy-acetylene cutting machines and tables (contour machines) ecesosesocss -
Resistance welding machines scceecccccsososcsscocnosocccccoosooaosonnee ____
Inert gag-arc welding wACHINGS ceseccrcconncescocesnsscasocsescecsscosse
Automatic welding machines cecccocsscoesconcscescsssscoossssasescasosses
Equipment for photomicrographic studies cecescccocossscececoccsssevcces —_—
BEquipment for photoelastic studies ccecsscccecscssccssccesccsocesscocses
Equipment for tension and bending ests ecccececscescsccucssccscssssossss
Equipment for heat ftreating welded specimens or projects ceecescecsccsce
Other
e e oo coecsoccesescc0sessco e beo
cocceco.ceouso0c0eccceceoveoee

8600000080900 000000DOCCSOEDOEODSO

11l. Is welding red to engineering students as a part of a course in manu-

facturing processes? (Yes) (No) If yes, please give official title of the

course., __ Credit hours —« DNumber of

hours in lecture __ . Hours in laboratory . Percent of the

s

time devoted to welding ___ .

12. The welding library consists of approximately books and peri-
odicals that pertain to welding for engineers. Give number,

13. Have any provisions been made for engineering students at your institution
to elect welding as an engineering option? (Yes) (No)

14. In your own opiniona do you feel that the opportunity for your engineering
students to learn about welding 1s adequate, (Yes) (No)

15. 1 would appreciate any comments or suggestions you may have concerning the

improvement of welding courses for engineering students,

Thank you very kindly for your cooperation.

el

Lyrin J. Chryéﬁénsen




OEKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE
School of Trade and Industrial Bducation

Stillwater

April 13, 1950

Dear Sir:
Recently, I sent you a questionnaire c

Ve in the I hope will
: . you
?ﬁ%ﬂ to % qus%emh-o and return it
g0 the results will be representative of all the en-
gineering schools concerned with this problem.
Thank you for your cooperation.

Sincerely yours,

Lyan J. Christensen, Instructor
Engineering Shopwork

1LJC/hd



Typist:
BEareld A. Coonrad





