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Chapter I

INTRODUCTION

The study of professional engineering shop requires

the following: first, an understanding of engineering ob­

jectives; then a knowledge of the present status of the

shop laboratories; next, a study and decision as to whether

they are necessary as a means of fulfilling the engineering

objectives; and, finally, if found necessary, to determine

what manner of shop must be organized and given to help ful­

fil these objectives.

The field of engineering work is said to include those

branches of technical service and business and professional

work, which have to do with the utilization of natural re­

sources for human benefit. The function of engineering

service is the adaption of laws and resources of nature to

utilitarian purposes. It involves the actual using of na-
1

tural conditions and natural resources through construction.

The aims of professional engineering are sometimes

given as the control of nature, the physical direction of
2

man, and the appraisal of values.

The function of the engineer becomes: first, the de­

signer; second, the supervisor; third, the constructor;

1. Stewart, L. 0., Careers .in Engineering, p. 6.
2. Vocational Guidance in Engine ering Lines, edited by the

American Association of Engineers, p. 6•
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fourth , the operator; fifth, the investigator; and sixth,

the advisor. It is the engineer’s duty to formulate an i-
1

deal and from that ideal, to create a reality.

SOURCES OF DATA

1. Professional magazines.

2. Texts and books dealing with these subjects.

3. Bulletins.

1. Newell, F. H., and Drayer, C. E., Engineering. As A Career
pp. 1-18.



Chapter II

HISTORICAL BACKGROUND

1
The Mechanics Institute Movement, which began in 1820,

had done an important service in providing instruction in

secondary and technical subjects* In 1821 the Gardiner Ly­

ceum, Gardiner, Maine, had led the way toward higher educa­

tion in applied science by offering a three year curriculum,

which included surveying, navigation, mechanics, agricultur­

al chemistry and civil engineering.

The Rensselear School, founded in 1824, had become the

Rensselear Polytechnic Institute, America's most famous

school of civil engineering. The Sheffield Scientific school

had been established at Yale College in 1847, the Lawrence

Scientific School at Harvard College in the same year, and
2

the Chandler Scientific School at Dartmouth College in 1852.

The famous Land-Grant Act had been passed in 1862 pro­

viding for the expenditure of Federal funds for the further-
3

ing of higher education in agriculture and the mechanic arts.

All this development in applied science was yeelding results

in the industries of the nation, but, there still remained

the problem of training more engineers, designers of machinery

factory managers, and other masters of both scientific prin­

ciples and practical details of manufacturing and design.

1. Bennett, Charles A., History of Manual and Industrial Ed­
ucation up to 1870, pp. 317-325.

2. Ibid., pp. 348- 353.
3. Ibid., pp. 353-358.
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The first institution to make adequate provision for

this kind of instruction was started in 1868. This was the

Worcester County Free Institute of Industrial Science, later

known as the Worcester Polytechnic Institute, at Worcester,

Massachusetts. This new type of American school was made

possible by the offer of Ichabod Washburn to establish a

machine shop as one of the departments of the Institute.

The point of view of the founders as expressed by the

first president of the institution, Charles O. Thompson,

follows:

This institution was organized under the influence
of a belief that, after all that has been done in tech­
nology, there isd-ill need of a system of training boys,
broader and brighter than ’learning a trade,’ and more
simple and direct than the so-called ’liberal education’;
that, while the boys should be trained in all the essen­
tials of a polytechnic course, they should also find a
workshop open where they could get all the essentials of
a trade; so that, upon graduating, they would have suf­
ficient knowledge of machinery and handicraft to enable
themselves up to the highest positions for which nature
and training had qualified them. It was also held that
not the least importai of their qualifications for high­
er positions is a good experience in the 1ower ones.

The above statement shows that the idea was good, but 

there is no indication that the teaching in these shops was 

based upon any adequate or even conscious analysis of either

tool processes or of the trade or industry as a whole in which

the students were receiving instruction. The teaching was 

done by the imitative, do-as-I-do method of apprenticeship.

1. clarke, Isaac Edwards, Art and Industry, Vol. IV., p. 174.
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While all the colleges setablished under the Land-Grant

Act of 1862 were intended to give special attention to instruc­

tion in agriculture and the mechanic arts, they varied great­

ly. Some were agricultural and industrial in name only while

others had developed quite comprehensive courses in these

newer phases of higher education.

At the Kansas State Agricultural College, courses were

more definitely on a trade level. A student might pursue one

kind of shopwork for four years and so go out with the essen­

tials of a trade as well as his education in science, mathe­

matics, and literary subjects; or, as recommended for agri­

cultural students, he might divide his time among several

shops.

As early as 1874, there was a carpenter shop, a wagon

shop, a blacksmith shop, a paint shop, a turning shop, a

printing department and a telegraph department. There was

also a department of drawing. For young women, there was a

department of sewing work, work in household economy, and a

very progressive course in household chemistry, (cooking).

In addition the young women were allowed to take courses in
1

drawing and shopwork in scroll-sawing, carving, and engraving.

As can be seen from the above, the Kansas State Agric­

ultural College and Worcester Polytechnic Institute had de­

veloped a series of shop courses prior to the Philadelphia

1. Bennett, Charles A., History of Manual and Industrial Ed­
ucation, 1870 to 1917, p. 314.
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Exposition of 1876. However, the methods of teaching were

not very well organized and there was no system of pro­

gressively difficult exercises or training projects.

It remained for Professor Calvin M. Woodward of Wash­

ington University, St. Louis, Missouri, to set up the first

real system of graded tool exercise pieces. He was teach­

ing a class in applied mechanics at Washington University,

and because some of the students had difficulty in visualiz­

ing some of the forms under consideration he asked them to

work out the forms in wood. In so doing Professor Woodward

was very much surprised to learn that the students did not

know how to use the ordinary woodworker* s tools. Instead of

giving up the plan he proceeded to teach them how to use the

tools. Thus it was that the Professor was led to the teach­

ing of shopwork without any direct or immediate trade or in-
1

dustrial motive, although that appeared soon after.

In carrying his plan into effect the following year,

1872, certain tool exercise pieces were divised as the most

direct and speedy means of teaching the use of the tools.

These exercise pieces, being based upon an analysis of the

process of acquiring the desired skills, were very successful

in getting across the desired information to the students.

The success of the experiment must have expanded the plan

rapidly for, before the end of the year 187 2, another lathe,

1 Ibid., p. 318
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(metal-turning) a forge, a gear cutter, and full seta of

machinist’s tools and forging tools were added to the wood
1

lathe and carpenter’s tools that he started out with.

From what had been carried on at the Kansas State Ag­

ricultural College, Worcester Polytechnic Institute, and at

Washington University it can readily be seen that at least

three of the leaders in American technical education were

ready for the ideas presented in ihe Russian system of tool

instruction as shown at the Philadelphia Centennial Exposi­

tion in 1376.

Dr. John D. Runkle, president of the Massachusetts In­

stitute of Technology, was also very much impressed by the

possibilities of the Russian system. Dr. Runkle had long

been troubled by the fact that those students in the mechan­

ical engineering field who had no bacKground or knowledge of

shopwork found it difficult to enter upon professional en­

gineering work unless they took one or two years of appren­

ticeship in the machine trades. While those students who

had shop experience readily secured positions upon graduat­

ing from his institution.

This situation had always seemed to Dr. Runkle to be a

fault in the education of the student, yet he did not see

any way to remedy the defect without building up a manufact­

uring plant in connection with the school—this being an in-

1. Woodward, Calvin M., The Manual Training School, p. 3. 
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version of a true educational method.

When Dr. Runkle returned from the Exposition he recom­

mended that the Massachusetts Institute of Technology es­

tablish a group of "instruction shops'* in which mechanical

engineering students should receive instruction in shopwork.

These shops would also be open to other students who might

feel the need for electing this type of course.

By vote of the governing body of Massachusetts Insti­

tute of Technology on August 17, 1876, there was a shopwork

department established at the Institute. The courses set up

were: carpentry, woodturning, and patternmaking, foundry

work, blacksmithing, vise-work, and work on the engine lathe.

The content of these courses followed very closely the idea

and system set up by the Russian engineer, Victor Della Vos.

Each project was broken down into a series of very simple

steps, each one a little harder than the proceeding one, and

each one a part of the whole project.

Speed in material production was not a consideration—

the whole idea was to learn the art as quickly and thorough­

ly as possible. Educational experience has taught us that

the shorter and more distinct the steps are, the more rapid

will be the progress of the individual student.

Both Professor Woodward and Dr. Runkle approved of the

idea of breaking down the complex mechanical processes into 

1. Ham, Charles H., Manual Training, The Solution of social
and Industrial Problems, pp. 331-332.



used to be taught by first having the pupils learn the al­

phabet before they learned words. The student first learns

to use the tools before he is allowed to make anything. On

this point the best manual-training schools differ radically

from the ordinary methods of apprenticeship. In the latter.

the learner acquires the "arts” involved in a piece of work

incidentally, generally without a conscious analysis; in the

former, the "arts" are made a direct object of his study and

attention; their subsequent combination (which may or may

not follow in his school experience) is a very simple matter.

There seems to be a great many advantages presented by

the system used in the School of Mechanic Arts. In the first

place the shop is not embarrassed by commercial issues. The

question of financial considerations does not confine the

students to that which they have already learned to do well,

and which they should lay aside, secondly, the scope of the

average manufacturing shop is generally limited, and the ap­

prentice is apt to come out entirely ignorant of the use of

some of the rarest and most interesting tools and processes.

Taking the situation as a whole some of the leading

colleges of the times seem to have been conscious of the ad­

vantages presented by the taking of shopwork by prospective

engineers.



Chapter III

REPRESENTATIVE ENGINEERING SHOPS

The chapter that follows contains the basic elements of

the engineering shop laboratory courses as taught at the Uni­

versity of Texas, the University of Iowa, and the University

of Illinois. While these three universities do not represent

a cross-section of the country, and do not represent a cross­

section of the universities, they do have some valuable ideas

concerning what should be taught and how it should be taught.

There may be a great many other universities in the country

that have well-organized and well-directed programs in engin­

eering shop laboratories, but these seem to be representative.

The purpose of the shop courses as taught at the Univer­

sity of Texas is to familiarize the students with the various

engineering materials available, including their composition,

methods of production, and properties and uses; the equipment

used for the fabrication of these materials and, as far as

possible, the operation of this equipment; and finally, a

knowledge of the economic principles involved in production
2

and its attendant industrial processes.

Manipulative skill is not usually stressed in an engi-

1. Sweigert, R. L., "A Study of Some of the Phases of shop
as a Part of Professional Engineering," Journal of En­
gineering Education, pp. 657-687, June 1931.

2. Begeman, M. L., "Engineering Shop Courses," Journal of
Engineering Education, p. 611, June 1934. —
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neering shop course because of the limited time available

and the fact that skill in operating the various pieces of

equipment is not an essential qualification for an engineer.

It is not intended to minimize the importance of skill as it

is a quality to be desired, but it is believed that it can

best be acquired in industry itself if the student should

find it important to possess certain manipulative skills.

It is assumed that the advisahlity of a shop course in

certain departments in engineering is not at this time being

questioned. Some knowledge of this subject is essential to

all branches of engineering. Certain departments, namely

mechanical and industrial engineering, require considerable

training along these lines and there has not yet been any

substitute made available that would replace the training

given in an engineering shop laboratory. To be sure there

is summer work and part-time work in industry, but this

rarely has the proper type of teaching supervision, it is

difficult to arrange and very seldom includes a broad enough

field to give the student a proper perspective. The work,

if it is properly laid out, must be coordinated with the
1

other subjects in the engineering curriculum.

The work that should be given in a shop course, accordr-

ing to Mr. Begeman, should include the working of the various

materials in question so that the student may become familiar

1. Ibid.. p. 612.



working, as applied to pattern work, is usually taken up

first, the student being perhaps more familiar with this type

of shop work. The pattern-making work is naturally followed

by foundry practice where the student learns something of the

use of the pattern in making molds and the actual casting of

such metals, as iron, brass, and aluminum. Following foundry

work, the student next goes into the machine shop and actual­

ly operates the various production tools used in the machining

of metal. Work is outlined in such a manner as to give him

some operating experience on all types of equipment as well as

the machining of different kinds of metals. In this way, he

learns some of the possibilities of machine tools, as well as

some of the properties of the metals with which he is working.

The machine shop work is then followed with a course

which takes up the heat treating and metallurgy of iron and

steel, and the welding of various metals. The student learns

here regarding the properties of the ferrous metals, how they

respond to various treatments, and their resulting properties.

Various welding processes are studied and the students are

given laboratory instruction on both oxy-acetylene and elect­

ric-arc welding. This work includes the welding of both fer-
1

rous and non-ferrous metals.

1. Ibid., p. 612.
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There are several methods of presenting shop work;

first, it may be presented in the form of lectures and de­

monstrations on the part of the instructor only. This meth­

od is not very effective because the student loses a great

deal of the information presented as well as the training

that he might have gained by actually operating the equip­

ment. On the other hand, a course in which the student spends

all of his time in the laboratory is not to be too highly re­

commended as there are many things that can be learned regard­

ing methods, special equipment, tools, and so forth, which

can best be learned f rom lectures by the instructor. A com­

bination of the two methods referred to above gives the great­

est results for the time allotted to a course. Short lectures

and demonstrations given at the beginning of a period, follow­

ed by actual machine operation by the students saves a lot of

time and makes it possible to cover a great deal more work.

In planning the course of study at the University of

Texas, the shop work was placed in the junior year rather than

in the freshman year. Freshmen were considered to be not suf­

ficiently prepared to fully profit by the work that should be

presented. By completing the work as juniors they have the

benefit of their recent experience in the shop as background

for their design and other advanced senior courses.

1. Ibid.. p. 613.
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The aim, as far as possible, is to correlate the shop

work with the other courses presented. Along this line the

student receives training in reading detailed drawings,

special mechanisms of machines are discussed, shop nomenclat­

ure is considered and many other things are taken up which

will be of benefit to the students in their work in mechanics,

machine design, and management.

In the latter course, which all mechanical and industrial

engineers are required to take, the shop work is further round­

ed out by taking up such subjects as production planning, wage

systems, factory layout, special equipment and processes not

covered in the shop work, materials handling equipment, and

many other phases of factory operations. This course or series

of courses ties in the shop work with the other activities of

industry, and gives the prospective engineer a clear conception
1

of its importance and relationship to other departments.

The University of Iowa in its treatment of the engineer­

ing shop situation presents many ideas similar to those of the

University of Texas, yet the treatment of the subject is made

from an entirely different viewpoint.

The objectives of the University of Iowa set-up are to

inform the student as completely as possible concerning the

application of machine tools and other production equipment,

the engineering use of the materials employed in manufactur-

1. Ibid., p. 614. 



ing, and the intimate relations existing between design and
1

production.

Mr. Huber O. Croft, head of the Department of Mechanic­

al Engineering, University of Iowa, says,

Engineering shop courses should not attempt to in­
still operative and manual skill in the use of machines,
but rather to demonstrate the purposes and possibilities
of machines and processes in industry.„

With this end in view then, a laboratory method of instruc­

tion can be employed, involving the performance of an experi­

ment, or the recording of observations of a process, designed

to stress the pertinent facts of engineering value. A written

report would then be made in much the same way that a test on

a steam engine is now conducted in most steam power laborator­

ies, except that there might not be a recording of numerical

data.

There may be three distinct types of experiments involved

in this system, namely:

1. That which involves the actual operation of a machine or

process.

2. The writing of a report after the examination of a group

of display boards, a demonstration, or a motion picture.

3. The writing of a report on a particular process after the

extensive study of technical literature guided by a biblio­

graphy furnished the student,

1. Croft, Huber o., "Elementary Work in Manufacturing Pro­
cesses," Journal of Engineering Education, May 1934, p. 607.

2. Ibid.



The Manufacturing Laboratories (engineering shops) at

the University of Iowa follow very closely the general prin­

ciples outlined in the preceding paragraphs. These labora­

tories are made up of the following divisions: (a) wood

products, (b) casting, (o) metal techniques, (d) machine

tool.

The students time is prorated in the above divisions

approximately as follows: twenty percent in the wood pro­

ducts division; twenty percent in the casting division; thir­

ty percent in the metal techniques division; and, thirty per-
1

cent in the machine tool division. An explanation follows:

The Wood Products Division gives the student infor­
mation as to: The elementary biology and sources of
timber; methods used in the lumbering industry; decay
and shrinkage; the use, design, and making of patterns;
methods of gluing and the manufacture and applications
of plyboard and veneering; machining of wood; the appli­
cation of wood as an engineering material to the making
of boxes and crates; aeroplane parts, automobile parts,
etc.; and the by-products of the wood industry, such as
insulation, fuel, raw material for the chemical indust­
ry, etc.

The Casting Division gives the student an idea as
to the modern manufacturing practices for; The design,
construction and applications of wooden, metal and built-
up patterns; hand and machine molding; the making of
cores; the testing of molding and core sands; the melt­
ing and casting of ferrous and non-ferrous metals; chill­
ing, cleaning of casting; die-casting and die-casting
metals; and the differences between good and poor design
from the standpoint of casting.

In the Metal Techniques Division the student is
taught the application of machine and hand forging; the
theory involved in the uses of gas and electric welding

1. Ibid., p. 608
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with the engineering properties of the welded joint;
elementary metallogaphy from the engineer’s standpoint;
the heat treatment of metals; some of the elements of
the flow of metal; the applications of deawing opera­
tions and die work; and some of the elementary factors
involved in the design of dies.

In the Machine Tool Division the student is shown;
The application and manufacturing possibilities of dif­
ferent machine tools; the elements of the use of figs
and fixtures; the standards of fits and tolerances; the
application of punch and press work; the elements of
tool design; the elements of the machineaUlity of metals;
and the dependence of efficient manufacturing upon good
design and the specification of the proper material..

The engineering shop laboratory at the University of Ill­

inois is conducted on a different basis from either the Uni­

versity of Texas or the University of Iowa.

At the University of Illinois there are two courses of­

fered in machine tool laboratory, an elementary course and an

advanced course. The elementary course is required of Elec­

tric , General, Industrial and Mechanical Engineering students

and is a machine production course. The advanced course is a

tool design and experimental course which is required of In­

dustrial and Mechanical Engineering students.

The first hour of each period is used for quizzes, lec­

tures and d emonstration. The lectures cover the machinery,

tools and materials used in machine production. Motion pic­

tures and slides are frequently used to illustrate manufac-
2

turing processes.

1. Ibid.. p. 609.
a. Casberg, C. H., "Laboratory Procedure in Teaching Machine

Production," Journal of Engineering Education, September
1934, p. 419.



The work in the elementary course is organized as near

as possible like the medium-sized manufacturing plant. The

product manufactured is an eight horse-power, four cycle

marine type gasoline engine and the tools, jigs, fixtures,

and instruction cards are available for each operation.

The students are assigned to jobs by the instructors.

The Job and operation number appear on the card and thestu-

dent gets the instruction card from a rack made for storing

the instruction cards. To save time, all the tools for each

operation are stored in the tool room in a tool box and when

the student is ready to work, they are given him by the tool­

room attendant. He punches the time on the time clock to re­

cord the starting time, then sets up the job. When the set­

up is made, he secures the approval of the instructor, punches

out—which records the set-up time—then punches in again to

show when he actually began work on the operation. When the

student completes the operation, he punches out to record

the time at which the job is finished.

The student then takes the job and his card to the in­

spection room where an instructor inspects the job for dimen­

sions and finish. The student is given a grade for his job

which is recorded on the card. The work is graded on the ba­

sis of time and workmanship. When a drill jig is used and

when practically no skill is required, the grading is based
1

almost entirely on the time.

1. Ibid., p. 420.



In order that the student may not be assigned similar

machining operations, a record is kept of the type of ma­

chining operations. This insures that the student is as­

signed work on all the machine tools in the laboratory.

The instruction cards are a very important part of the

procedure. They are valuable instructional aids and they

make the student less dependent upon the instructor. In ad­

dition the instruction card has a great deal to do with de­

veloping the vocabulary of the student.

This procedure has its advantages. The student pro­

duces parts of a gas engine that can actually be used. He

uses machine tools, jigs and fixtures, and the element of

time which is important is impressed on his mind. He is

actually engaged in machine production.

The disadvantages of this laboratory procedure of teach­

ing machine production is the time required in designing jigs

fixtures and tools and the expense involved in their manu­

facture, There is also considerable time required of the in­

structors to see that the tools are kept in good repair and

to take care of other numerous details such as keeping the

instruction cards up to date and seeing that the castings and
1

other materials are on hand.

In the advanced course about one-third of the laboratory

time is spent in the drafting room on tool design, one-third

upon machine tool experiments and the remaining third upon

1. Ibid., p. 421
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a product which the student selects from several for which

we have the drawings and tools.

In the drafting room the student designs tools, jigs, or

fixtures for producing the products of the laboratory. These

production tools are made by the mechanicians of the Universi­

ty of Illinois and occasionally by the students themselves.

The laboratory is equipped with a lathe dynamometer, a

drill press dynamometer, and a recording wattmeter. This e-

quipment is used in experiments to show the effect of tool
1

grinding and design upon the power consumption.

The shop has drawings, tools and castings for a small

bench vise, one-fourth horsepower electric motor, a one-inch

bore, two cycle gasoline engine, a small band saw, a small

wood lathe, and a small bench grinder.

The students selects one of these products and is requir­

ed to write his own instruction sheet and estimate the time

for each part before machining is started. The sheet is cor­

rected and graded by the instructor before the student is al­

lowed to start machining and the part is inspected and graded

when complete. These products are things that the students

have a desire to own and the product becomes their property
2

if they will pay the University for the cost of the material.

In this chapter there has been presented the methods and

1. Ibid., p. 422.
2l. Ibid., p. 423.



boratori6s at as many universities* it 13 not the purpose

of the writer to criticize or make invidious comparisons

between the various programs, but to give one an idea of

what is being done in different engineering shop laboratories



Chapter IV

ARE ENGINEERING SHOP LABORATORIES NECESSARY?

In writing this chapter information gathered by Pro­

fessor R. L. Sweigert, of the Georgia School of Technology,

Mechanical Engineering Department, will be used to justify

the existence of the engineering shop laboratory.

This information is very complete and represents a study

of practically the whole population from a statistical point

of view. Therefore the difficulties of random sampling seem

to have been largely eliminated. Professor Sweigert*s inves­

tigation covered one hundred and nine schools which were se­

lected after semi-technical schools and a few engineering de­

partments of little importance had been eliminated. The one

hundred and nine schools were divided into two groups; those

with shops and those without shops as determined by their

catalogs. About four-fifths of the group have shop of some

nature and the other one-fifth have no shop. In getting the

information direct from these one hundred and nine schools,

a very comprehensive questionnaire was used, covering the

different types of shop given to the students in the differ­

ent engineering curricula. The schools covered in this sur­

vey are in all sections of the country, including every pos­

sible environment, and all having a four year curriculum 

whether the school be large or small



Deans, department heads, and superintendents of shops

were included in the list of college supervisors v/ho return­

ed the questionnaires containing the needed information. In

order to make the picture as complete as possible eighteen

major industries, all large employers of engineering college

graduates, were also asked for their ideas on the subject.

Their replies give industry's point of view in so far as

these particular industries are concerned. The men contacted

in industry were all men in the position to know what know­

ledge is needed by the engineer coming into industry. These

men were vice-presidents, works-managers, educational direct­

ors in industry, and so on. Professor Sweigert used four

sources of information in gathering the data that will be pre­

sented in this chapter. These four sources were engineering

and college catalogs, the college bluebook, past literature

on the subject, and most important, the questionnaire which

was sent to each one of the one hundred and nine schools. The

replies to the questionnaire were very satisfactory with an

average return of four replies per school,

A straight tabulation of the data received was made. The

returns named those administrators who in the main decided what

shop should be given for each curriculum. These replies were

totaled to give the final consolidated results in regard to

what shop should be given in each curriculum. Each group of

department heads vary very little from the total results as

given.

The following tables give the statistical results
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TABLE 1

AVERAGE HOURS PER WEEK FOR ONE SEMESTER

(Represents total shop given as taken from the catalogues
of the 109 schools studied, reduced to a semester basis
and clock hours per week.)

Wood Pat- Foun- Forge Heat Weld Mach. Tot.
tern dry Treat.

Meeh. Eng.......
Electr. Eng.....
Civil.Eng. 
Chemical Eng....
Mining Eng
Ind. Eng
Arch. Eng
Ceramic Eng.....
Metalurgical Eng
Petroleum Eng.•.
Textile Eng
Sanitary Eng....
Aero. Eng

1.1 2.7 2.8 3.1 .4. .1 3.9 19.11.0 2.5 2.1 2.1 .1 .1 6.2 14.11. 1 1.0 .7 1.4 .1 .07 1.1 5.4•6 • 8 1.1 1.2 .05 0 1.6 5.3.9 .1 • 9 .9 0 .04 1.2 4.0• 9 1.2 2.1 1.0 .5 0 6.8 12.5• 9 0 .25 .6 .05 0 .05 1.8• 4 0 .9 0 0 0 0 1.3.7 0 1.0 .8 .12 0 1.2 3.8.75 0 0 .75 0 0 0 1.51.4 0 .3 1.1 0 0 5.4 8.2.75 0 .75 .75 0 0 0 2.2.4 3.4 2.9 2.7 5.2 0 5.2 14.8



TABLE 2

RETURNS—SCHOOLS V/ITH SHOP

Sent Returned per Cent

Deans.•••••••••••••••••••••••• ... 87 64 73.6
Mechanical Engineering................... ... 84 58 69.0
Electrical Engineering................... ... 80 61 76.3
Civil Engineering.............................. ... 80 55 68.7
Chemical Engineering.................. ... 63 45 71.4
Mining Engineering.............................. ... 28 19 67.9
Industrial Engineering................... ... 16 10 62.5
Architectural Engineering........... ... 21 15 71.4
Ceramic Engineering.............. .. ... 6 5 83.3
Petroleum Engineering...................... ... 2 1 50.0
Textile Engineering........................... ... 4 3 75.0
Sanitary Engineering........................ ... 2 1 50.0
Aeronautical Engineering...... ... 6 4 67.7
Superintendent of Shops................ ... 80 39 48.7
Industrial Section.. .......... ............... ... 18 15 83.6

Totals 579 397 68.6



TABLE 3

GEOGRAPHICAL DISTRIBUTION OF RETURNS—SCHOOLS WITH SHOP 

Region States Schools Returns 

Pacific Coast....... 3 6 31 Avg. 5.1
Rocky Mountain 7 9 33 Avg, 3.6
Middle West-West,... 8 14 77 Avg. 5.5
Middle West-East.... 5 13 59 Avg. 4.5
South Mississippi... 6 11 47 Avg. 4,2
Southeast  7 9 39 Avg. 4.3
East. 6 & Wash., D.C. 17 65 Avg. 3.6
New England . 5 8 31 Avg, 3.9 

Totals 47 & Wash., D.C. 87 382 Avg. 4.4



TABLE 4

INSTRUCTIONAL AIDS BEING USED

Text Notes Ref. Work Regular Practical
Lectures Instruction

Sheets

Heat Treat.. 8 12
Weld  8 13
Production.. 5 6

Pattern.••«
Foundry. • • •

,. 10
,. 12

12
11

Forge............. >• 7 9
Machine.••.>. 16 15

8 14 15
10 10 10

5 11 11
13 18 18
11 11 11
7 9 9
6 6 6

Trips, lantern, special demonstrations were mentioned,
Total returns for above were (39).

TABLE 5

MAXIMUM NUMBER OF STUDENTS PER CLASS PER INSTRUCTOR

Pattern. . .......................................... •••••••••••«••... •.♦20-25
Foundry. •••••••• .15-20
Forge.  15-20
Machine.. ..............................................................20-25
Heat Treat.••••••• ............................. 10-15
Weld...................................................................... 15-20

Classes in general were less than the figures
given being limited by lack of room and equipment.
These*figures are for shopwork as now given.



TABLE 6

REPLIES FROM MEN IN INDUSTRIES
From 15 of the Large Employers of Engineering Graduates

Yes No
I. Should shopwork be given in any professional

engineering course?.............................................................. 13 2
II. Should shopwork be given in all courses?........... 9

(Should be given in M.E., E.E., Ind.E., C.E.). 1
III. Purposes given:

1. Study of Materials
2. To give a practical point of view

IV. Are these courses the same value as others?... 7 3
V. Should the shops have direct contact with in­

dustry?. ........... .................. .. ................ ••••••••••• 7 2
VI. Are the shops one of the best means of coordi­

nating industry and the schools?.............................. 6 2 

TABLE 7

CONSOLIDATED GENERAL STATISTICAL SUMMARY

I. Should shopwork be given in a professional en­
gineering course?. .......................• •••• 339 119(1)

II. Should summer shop in industry be required?... 125 219
III. Is the program so arranged that shop object­

ives are put to use?,. ............................................... .. 205 41
IV. Should other than mechanical engineering stu­

dents take shop?..................................... .. ............... »*••• 267 22
V. Is Shopwork considered of commensurate value

with other courses?.................................................... .. 150 76
a. By the faculty.............................................................. 161 86
b. By the students............... .. ........................................ 131 90(2)
c. By the graduates.•••••••••••..................... .. 115 68

VI. Is there any connection between shop and other
work in the curriculum?................... •■••••••••••• 130 101(3)

TABLE 8

SHOP PURPOSES

1.
2.
3.
4.
5.
6.

7.
8.

Skill of Hand...................... .. ........................ .. ............................... 101
Appraisal of Values.••••••••••••..• •....................... 98
Knowledge of Materials. ........ ............••••••••••• 241
Training of Judgment...................................................... 144
Knowledge of Design.................................................................. 169
To illustrate fundamental principles of engineer­
ing.................................... ..........................................................................156
Knowledge of Production and Manufacturing....... 162
One of the laboratories to apply principles of
academic work. •••••••••• . ............ .. ...........•••••.......... .. 103

(1)

(2)

(3)



TABL1S 9

CONSOLIDATED TABLE OF INDIVIDUAL SHOPS FOR EACH CURRICULUM

M.E. E.E. C.E. Chem. E. Min. E.

Yes No Yes No Yes No Yes No Yes NO

Pattern.•••. 114 21 111 70 34 133 38 105 30 110
Foundry. ■ •. • 124 16 1 22 66 43 120 60 97 45 94
Forge. ........... 109 28 na 68 54 112 52 103 62 79
Machine.•••. 136 6 174 14 53 113 76 83 59 78
Heat Treat.. lie 24 100 90 36 130 64 94 54 84
Weld.................. 114 27 110 73 51 117 55 102 49 93
Production.. 64 71 44 133 14 133 7 143 5 130

Ind. E. A. E. Met. E. Tex. E. Ger . E. lero.E

Yes No Yes No Yes No Yes Jo Yes No res No

Pattern........... 84 54 38 99 3 1 3 4 2 1
Foundry.•••. 92 41 42 94 2 1 0 4 1 3 1 -
Forge. \........... 80 51 41 95 a 1 1 3 - 4 1 2
Machine.• •., 97 35 43 93 1 2 4 0 1 3 3 -
Heat Treat.. 83 49 37 100 1 a 0 4 — 4 3 -
Weld.................. 82 52 41 93 1 2 1 3 1 3 3 -
Production.. 74 55 13 116 0 3 1 3 - 4 1 2

(The number of schools giving last 3 curriculums is great.
Metallurgy seems to be generally combined with mining or chem-
is try) .



The following conclusions may be drawn from the data as 

presented in the preceding tables:

1. It appears that engineering educators believe that shop

work has some valuable contributions to make to engineer­

ing education, and that it should still be an important

part of the curricula.

2, That the shop purposes for all courses in which shop is to

be included should be:

(a) To give a knowledge of materials.

(b) To give a practical knowledge of design.

(c) To give a knowledge of production and manufacturing.

3. Other than mechanical engineering students should take

shop.

4. There seems to be rather a lack of connection between

the shops and the other work in the curriculum.

5, shop work, in the majority of cases, is considered of

commensurate value (if properly given) with other courses;

however, the attitude of the students seems to be less

favorable than that of the faculty.

6. Full use of the various instructional aids was not made;

the use of any particular type being small.

7. Lack of equipment and of working space seems to be the

most common factor in determining the size of the classes.

8. The industries replying were, as a group, decidedly in

favor of shop.

9. Evidence points to the fact that there should be a desir-



able amount of shopwork in mechanical, electrical, and in­

dustrial engineering. It also points to the fact that there

should be very little or no required shop in civil, chemical,

mining, and architectural engineering. Metallurgy appears

to be in the same class as mining and chemical engineering.

Ceramics is in the same class as civil engineering, and tex­

tile and aeronautical engineering seem to line up somewhat

with the first mentioned group in that some shop should be

required.

The data seems to point out that there are valuable con­

tributions to engineering education contained in shopwork,

and that it should not be dropped from the professional cur­

ricula.

A knowledge of this field is necessary if engineering

objectives are to be fulfilled. Utilization of natural re­

sources means change of state, means manufacturing with all

of its ramifications, means a thorough knowledge of opera­

tions, materials and processes.

The selective utilization of natural resources through

construction involves shopwork. The control of nature means

changing which again involves the fundamentals of shopwork.

It is hard to conceive of shopwork as not entering into the

functions of engineering. The designer must thoroughly un­

derstand shop, the supervisor cannot supervise efficiently

without its knowledge, the constructor and the operator use

its fundamentals first hand, the advisor cannot intelligently



advise unless he understands its underlying fundamentals. It

is the engineer's duty to formulate an ideal. That is theory.

But all that work is waste unless from that idea the engineer

can create a reality. The creation of the reality means fa­

brication, leading back again to a more or less extent to

shopwork fundamentals. Since engineering colleges are trying

to meet the above situations, to train engineers to perform

the above functions and duties, it means that if shopwork is

put aside, they have created a gap in the engineer's educa­

tion and since shop and its fundamentals play such an impor­

tant part in so many branches of engineering, it behooves the

engineering educator, not to do away with the shop, but to

use corrective measures of less violence and make the shop

situation a healthy one, one in which it is performing its

particular function.



Chapter V

CONCLUSION

THE CONTRIBUTION THAT THE ENGINEERING SHOP LABORATORIES
SHOULD MAKE TO ENGINEERING

The surgeon and physician have to serve an interneship

as a practicing physician in some hospital for a stated

length of time before they are allowed to embark upon a

private practice of their own. The lives and happiness of

many people depend upon the skill and knowledge acquired

by these men under actual conditions of use.

The lives and happiness of many people depend upon the

skill and knowledge acquired by the engineer. Yet, there

seems to be no actual, practical, sound engineering shop

laboratories where the embryo engineer has any chance what­

soever to apply the technical knowledge that he has attain­

ed and to correlate and maintain an interdependent relation­

ship between those many subjects that he has studied in his

college curriculum.

It would seem from the results of Mr, Sweigert’s survey,

that the ideal engineering shop laboratory should be a com­

plete manufacturing unit making objects designed to fulfil a

useful purpose. These objects should undergo complete and

thorough tests and inspection to show up any and all faults

which may exist before they are sent out for use.

The courses which lead up to the engineering shop labor­

atory should be so planned and organized that the student in 



his freshman year is started along the road which is going

to end up ultimately in the engineering shop laboratory.

After the student has acquired sufficient skill in

mechanical drawing he should be given actual parts of act­

ual machines of which to make drawings. The drawings should

be of such character that blueprints could be made from them,

said blueprints to be used by the men in the shop in produc­

ing the machined parts. To be sure, the student in making

these drawings will not be too familiar with the machine

parts that he is drawing, but to the writer’s mind this does

not make too much difference. The important fact is that he

is making drawings of actual machine parts that are going to

be made and used--his drawing, instead of just receiving a

grade and being returned to him to either save or destroy,

is going to fulfil a functional purpose.

After the mechanical drawing course should come the

pattern-making or wood-working course, and the drawings that

the student made in his drawing course should be used by him

when he makes the patterns. These patterns made in the wood­

working course should be used in making the castings of the

machine parts and as far as possible or practicable the stu­

dent himself should take the cope and drag, the molding sand,

the cores, the ramming hammer, the slicks, the graphite bag,

and the parting sand and the other tools of the molder and

make the actual mold with his own hands. Then the mold should

be poured and the casting made» This molding and casting pro-



cedure might be considered as a part of the pat tern-making

course or it might be a separate course by itself or it 

could be a part of the machine shop course, it doesn’t

make a great deal of difference as long as the student gets

the actual first hand experience.

Then after the castings have been made, chipped and

burred, and so on, the student should take them into the

machine shop and do the necessary machining operations on

these castings. In this way he will learn the capacities,

capabilities, limitations, and idiocyncrsies of the differ­

ent types of machines.

Now to some people the fact that the student has made

a drawing and from that drawing has made a pattern, that

pattern being used in making a mold in which the casting is

poured, and then, the casting taken into the machine shop

and machined by the student would represent the culmination

or end of the series of integrated courses.

It is the opinion of the writer that the above outlined

plan is not the end, it is only the beginning. There is no

reason why those parts that are machined shouldn’t be incor­

porated into finished products, said products to be put up

for sale to anybody or sold to the students themselves.

There is a great opportunity for the students in machine­

design classes to take these machine parts and further refine

and simplify, redesign and improve them in the process of

their machine-design courses. The strength of materials course



should also be integrated in this program. A student may

design a very pretty machine or part of a machine which ac­

cording to his figures and ideas of design represents the

last word. However, the parts that go into this product or

products should be taken to the materials testing laboratory

and tested to destruction to endeavor to find out whether

there are any flaws or defects in the metal specified or the

design recommended.

There seems to be no good reason why the important

courses in industrial engineering should not be also incor­

porated in this set-up. Factory planning and layout would

find a very fertile field in which to work, storeskeeping,

the study of machine capacities, production planning with

its routing, scheduling, dispatching, materials control, and

inspection, could also give the student valuable experience

under actual conditions of factory operation. Time and mo­

tion study with its setting of wage rates, wage payment and

incentive plans, industrial safety, and personnel relations

could very well find a place in this life situation.

In the set-up under discussion there would be the re­

ceiving of the materials from the supply houses, the require­

ments, both maximum and minimum, would be established on the

different machine parts and when the quantity on hand reached

the minimum an order would be issued to the storeskeeping de­

partment to release different materials to the different ma­

chining areas.



Orders would go to the machining area to si>ari» in com­

plete work on the different amounts required. A record would

be kept of the time necessary to set up the machines for the

particular job, and a record would also be kept of the actual

operating time to produce the proper number of pieces. When

the machine operations have been completed the parts would go

to be inspected, not by the operator himself, but by a person

selected and qualified for this type of work.

If any of the parts were found to be defective, they

should be replaced, said replacement covered by a waste­

ticket or scrap order. This scrap order would go to the

stores-keeping department and the stores-keeping department

would order replacement castings or replacement material.

The machine parts that passed inspection would go through

sub-assemblies, if there are any, and through final assemblies

to build up the finished product. The finished product would

be put through a series of testing and inspectional operations

to see that it meets the required standard of quality.

There seems to be no good reason why students could not

operate the entire set-up with its plant manager, chief de­

signing engineer, manufacturing foreman, machine operators,

inspectors, stores-keepers, and materials handling men.

There could be a production department, a sales department, a

scrap department for the reclamation of scrap materials, and

last but not least, a manufacturing methods department with 

its responsibility for the design of special jigs and fixtures 
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and special aids to be used in the various machining pro­

cesses. After all, in most of the colleges there is student

government run largely by the students themselves, some of

the biggest college newspapers in the country are managed,

edited, and run largely by the students, and there seems to

be no good reason why a plan of this kind shouldn’t be oper­

ated by the students themselves.

To be sure it would probably take some time for a plan

of this sort to start operating and attain any degree of per­

fection; however, the writer believes that the college that

is fortunate to have a plan of this kind in operation would

be doing the engineering profession a great service.

Upperclassmen, who have worked their way up through the

organization, might very well occupy the positions of author­

ity and responsibility. Underclassmen would of course, as in

actual industrial conditions, have to work their way up from

the simplest operations and responsibilities to the higher and

more complex duties.

The plan that has been outlined above represents what

seems to be the perfect set-up for an engineering shop labor-

tory. There should be the fullest possible utilization of

the knowledge and skills imparted in the various engineering

courses, and these should be integrated as perhaps they have

never been integrated before.

The knowledge usually acquired in engineering courses is

in most cases confined to a small cubical, and bearing no real 
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relationship to any of the other subjects. The plan that is

recommended above would break down and sweep away these bar­

riers between certain specific areas of subject matter, and

would give the student engineer a viewpoint and over view of

the whole situation.

The second plan that the writer feels might be of value

in the reorganization and improvement of the engineering shop

laboratory could be substituted for the above, aid might well

have to be due to limitations of buildings, machines, and

financial commitments.

It might be possible to have an engineering shop labor­

atory run under conditions similar to that of a steam power

plant laboratory or a physics or chemistry laboratory. In

other words, certain experiments could be performed, either

by the student or the instructor, on say the affective design

of cutting tools, taking into account the current consumed by

the machine in making certain cuts on certain types of materi­

als at certain speeds and feeds.

The students write up their observations and data, col­

lected in the process of performing the experiments, as re­

ports to be submitted and corrected on the basis of correct

observations and conclusions.

Certain special types of machines such as fully automatic

or semi-automatic turret lathes, multiple spindle drill presses,

milling machines, special cutter grinders and tool grinders,

could also be studied with benefit to the student engineer.



These special machines might be prepared so they could be

run on a special demonstration turn-table arranged similar

to the operating table in a surgical theater. This type of

laboratory would require a lot less equipment, a lot less

work on the part of the instructor or shop supervisor, and a

lot less work on the part of the student; and like everything

else in life, the benefits derived by the individual would be

directly proportional to the amount of time, effort, and in­

telligence expended by him and in his behalf.

There need be only one of each machine in this special

type of laboratory, and it could be exhaustibly studied and

analyzed by the students. Little or nothing of any value

need be produced upon these machines, they would merely be

studied as the visesectionist studies his animals and humans

that he might be taking apart to see how they tick.

In this type of course there would be very little, if

any, relationship, or correlation between the other subjects

in the engineering curriculum and the knowledge gained in the

shop laboratory would probably be bound up and confined with­

in the walls of its little cubical.

The question of whether all engineers should take all of

the engineering shop laboratory courses might well be clari­

fied by referring to Table 9, Chapter IV, which gives the re­

actions of the administrators and students of the one hundred

and nine leading engineering schools in the country.

It is not the purpose of this thesis to present a situa-
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tion or problem from which conclusions may be drawn, but

rather to present a picture of representative engineering

shop laboratories and some of the contributions they are

making to engineering. This and the writer’s experience in

industry culminates in the presentation of two plans of

which the writer feels that the first is the ideal engineer­

ing shop laboratory, and the second a worthy substitute.
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APPENDIX

SUGGESTED PRODUCTS FOR MANUFACTURE IN THE ENGINEERING
SHOP LABORATORY UNDER THE FIRST PLAN SUGGESTED

In order that the engineering shop laboratories, as sug­

gested under the first plan, manufacture a product or products

for which there is a demand, it is suggested that the matter

of woodworking and metalworking machinery be very seriously

considered.

It is very possible to develop rather original designs

for the common power woodworking machinery. An eight inch cir­

cular saw, a four inch jointer, a jigsaw, a bandsaw, grinding

and polishing equipment, and other small accessories should

find a ready market.

It is not unlikely that a small bench milling machine,

shaper, lathe, and certain types of tool grinders would prove

of value in developing the designing techniques of the engi­

neering student.

If this equipment is manufactured to standards of accur­

acy and precision there seems to be no good reason why the

products of the engineering shop laboratories could not be dis­

posed of at enough of a profit to permit the maintenance of the

program and permit its expansion.
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