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AIRCRAFT

DRAFTING

Primarily a training manual, this book

contains a great deal of practical pro-

duction and: engineéring information
that will make it useful. alse as.an
engineering reference. Basic drawing is
very clearly taught largely through hun-
dreds of excellent iliustrations. Pictnrial
drawing and all the special practices of
aircraft drafting are fully taught, with
many examples. In addition there is up-
to-date instruction in lofting and much
useful information on materials, ma-
chines and processes, fastenets, standard
parts, dash numbers, the bill of mate-
rials, calculation of weights and other
aircraft design data, The author trained
hundreds of draftsmen for Consolidated-
Vultee and Republic during the war
and is thoroughly familiar with, the re-
quiréments of the aircraft drafting room.
Over 1000 illus,, 45 tables. 386 pp.,
a4 x 11, $5.00.

TECHNICAL
anp VISUALIZATI
IEERS

By H. H. KATZ, Director, Institute of Technology,
Allied School of Mechanical Trades, Inc.

Technical sketching is today the dominant graphic tool of the en-
gincer and a mandatory requirement for many engineering jobs.
Not only is the technical sketch used almost universally in the de-
velopment of design, but it is also an important aid in sales and in
the transmission of engineering information generally.

This is the first complete text and reference on the applications
and techniques of this “engineering language.” Initial chapters
describe the various types of sketches—the idea skeich, computation
sketch, interpretative sketch, planning sketch, arrangement key,
breakdown sketch, schematic sketch, design development sketch,
instructional sketch, design change, etc., showing the requirements
and purposes of each. Following chapters give thorough, step-by-
step instruction in drawing. Beginning with the frechand drawing
of straight lines, the author teaches you in these chapters just how
to acquire skill in every element of the technical sketch, Many
practical suggestions that will help the beginner gain confidence
“are included, and there are abundant illustrations. The author, a
skilled draftsman and talented “sketcher,” has followed the precept
that one picture is worth ten thousand words. And all of the neady
300 illustrations in the book accurately reproduce engineering and
design sketches as they would be found in industry today. A final
chapter describes various non-graphical means of visualization used
in engincering and technical design such as cutouts,'overlays, clay
models and other three-dimensional models.

Practice problems are incleded so that the book’ may be useful as a
text either for classroom or self-instruction. Complete and practical,
it will also be a valuable reference for many practicing engineers.

Order from
THE MACMILLAN COMPARNY
' 50 Fifth Avenue MNew York 11, .Y,
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A MESSAGE TO THE ENGINEERING DRAWING DIVISION

Henry Cecll Spencer

'T1lincis Institute of Technology; Cheirmen, Division of Engineering Drawing, L,.85.E.E.

Our colleagues in cther departments, the physi-
cists, the mathematicians, the mechanicel enginsers,
the erchitects and all the rest have their specialized
professional socleties, The American Physical Society,
The American Mathematical Society, The Americen
Scciety of Mechanical Enginesrs, and so on. In most
cases, a progressive men 1s active in seversal sccleties
in his specialized field, and in addition, may be &
member of the A.A.U.P, or the A.B.E.E. or both,

Engineering Drawing teachers do not have an
"imerican Society of Engineering Drawing® or en
"Americen Scciety of Deseriptive Geomstry™. Butb,
twenlty-cne years ago, at Chapel Hill, 8.C. our Wo. 1
group, the Engineering Drawing Division of the
A.8.BE.E., was born. Since that time, it has been one
of the most active divisions of the Society.

We often pat ourselves on the back when compar-
ing our Division with others in the A.S.E.E. But the
Enginsering Drawing teachsr's relation te ths A.S.E.E.
is unique. The A.5.BE.E. is without question our No. 1
society. The Enginesring Drewing Division is to the
enginesring drawing teacher what the A.S8.M.E, is %o
the mechanical engineering teacher or the A.I.A. %o
the architect. The Engineering Drewing Division is
the only common meebing ground for teaéhers in our
fisld. Why shouldn't our Division be prominent com-
pared to other divisions of the A.85.E.E.? It seams to
me that our Division is only a week shadow of what it
rerlly should be in terms of membership and profes-
sional activity.

Here we are, one of the most numerous groups
emong all enginesring teachers, and look at the unim-
posing proportioms of our Divisioni What percentage
of college engineering drawing teaschers in the
country are members cof their only specifle profes-
sicnal proup, the Engineering Drewing Division of the
L.8.EE,7 2087 3047 I doubt if it would be any
higher. By way of contrast, what percentage of
-mechanical enginsering teachers mre members of the
4.8.M.E.? I do not know what the percentage is, but
it is difficult for me to visualize eny respectable

- teacher of mechanical engineering who is not a member
of the A.S.M.E. It is like trying to think of a
doctor who is not a member of the American Medical
Association, Would you be willing to heve your child
"doctored" by a physielan who was not progressive
esnough even to be & member of the American Medieal
Associstion? Dr. Fishbein tells me thet about 90 per
cent of all U.8. doctors are members of the A.J.A.

I recently attended the 4.S.M.E. annual meeting
in New York, and wes re-impresssd by the size and
activity of that organization. Tt may be argued that
the A.S.M,E. cannot be compared with an assoclation
of engineering drawing temchers, since the A.8.M.E.
includes industriel elements as well. To sane extent
this contention is valid, snd there are other dif-
ferences a3 well. Bub, why don't we give same thought
to bringing industry sctively and permanently into
our group? We try to have speakers from industry

frequently on our programs.  This is certainly the:
least we can do. But shouldn't we go further in bring-
ing industry info our group? What cen we do to keep
our Division in close touch with industry through
participation of 1ts members in our group? What do you
suggest?

This wide gap between industry and our group was:
gquite noticeable at the recent orgenizatlion meeting in
New York of ths 714 Sectional Committes on Standard -
Drawings and Drafting Room Practice. A relatively
small number of engineering drawing teachers are, as
individusls, keeping in close touch with industry; but
the Engineering Drawing Division, as a group, is &
society of professors which fends to be quite ssparate
from industry.

I do not know the anawers to all these guestions
but T do suggest that we should have many duss-peying
members of our Division from industry. Our group should
be representative not only of ecllege tenchers of
engineering drawing, bub of men primsrily comncernsd
with drafting in industry. What should we do to build
up this side of our membership?

In summary, I should like to repeat that our Di-
vision has made excellent progress, but that when we
recognize what a loud volce it could and should havs
before the public, we realise that we have hardly begun.

When thers is a big Jjob to be done, I always liks
to think first of what we can do in our own back yard.
gertainly, in view of the fact that our Division is %he
one mesting placs for our profession in existence, no
full-time regular engineering drawing teacher, of what-
ever ranl, should fail to bs a member and actively
participete in its metivities. He should reed ths
JOURWAL OF ENGINEERING EDUCATION regulerly, which will
go far toward keeping him in contact with current
trends in engineering education.

In eddition, and I cannot emphasize this too much,
every enginesring drawing teacher in the United States
should be a subscriber to the JOURNAL OF ENGINEERING
DRAWING, and should keep a cereful file of its issue=s.
It is the only journal published specifically in our
field and, through the years, 1ts accumulated issues
constitute the best professional literature we have.

At this time the A.S5.E.E. is conducting & nation-
wide membership drive., Now would be sn excellent time
for each member to persuade same non-member to Join the
Society and sbtart his professional growth as & teachsr
of engineering drawing. MNow is the time for every
depertment hemd to canvass his staff with & view to ob-
taining 100% membership. In my opinion, membership in
the A.5.E.E. should be reguired as & condition of
permansnt employment for every full-time teacher of
engineering drawing.

For membership blanks, write o Professor A.B.
Bronwell, Secrstary of the A.S.E.E., Northwestern
Technological Institubte, Evanston, Illincis.
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MODERN DIMENSIONING PRACTICE

by

Professor 5. B. Elrod, Purdue University

Modern dimensioning practice is the result of
one hundred and fifty some odd years of evolution. In
the late 1700's a French commission was appointed to
develop = scientific dimensional system, the result
being the widely used Metric System. Since that time
dimensioning practice has undergone many evelutionary,
and sometime seemingly revolutionary changes. To
enumerate, let alone explain, the results of =ll these
changes would be not only a colossal task, but would
probably be equally tedious. A brief discussion of a
few pertinent aspects of current dimensioning end
tolerancing practice might be more appropriate, and I
propose to limit myself to a discussion of & few such
items which I find to be of particular interest to a
large number of enginesrs and teachers today.

The greatest strides in the evolution end de-
velopment of Dimensioning Practice have taken place in
the past two decsdes. Prior to the first world war
only & small minority of industries had progressed
beyond the stege of custom menufacturing. In general
only basic dimensions were put on & drawing, and
little effort was made in selecting those dimensions.
The rapld growth of mass produetion, particularly in
the sutomotive industry, end the industries producing
geods for World War I, brought out the necessity for
refinements in dimensioning practice and tolerancing.

With characteristic inertie, it was not until a
few years after World War I that the drawing courses
in many engineering colleges began to recognize the
problem of tolerancing. In many ceses the only
tolerances used then were perhaps t 001 for closs
close work and ¥.,005 for rougher work, used along
with the old expressions "Slip fit," "Drive fit,"
etec., which atill left much tc the judgment of the
machinist. The colleges are not to be too severely
criticized for this lag, since many industries con-
tinued to work on this same basis for several years,
and some individuel compenies have never progressed
beyond this level.

There are in existence even today a largs mumber
of firms that are not ccncerned with the refinements
of present dey dimensioning practice, In such places
there are no tolerances, express or implied, on any
of their drawings. Basic dimensions are given,
frequently to 1/64" and sometime in decimal form to
three or four pleess. Under such circumstances ths
individual mechanic, foreman, ete., is entirely res-
ponsible for mainteining dimensions which will be
satisfactorily close to the basic dimensions given.
The use of e system such as this is comparable to
giving a mechanic a set of drawings for a steem engine
and saying: "Here is a set of drawings for en engine,
meke me one about the same sirze, and be sure it will
run.” ‘

In contrast to this we have boday a few indus-
tries that have gone to great length to work out &
system of dimensioning which lesves absolubtely nothing

to the judgment of the mochenic, ths sole responsibility
for the functioning of the parts resting within the
enginesring depertment. In some such industries every
dimension on the drawing carries & specific bolerance
{or is expressed as & limit dimension) and the degree

of finish for every surface is specified. It is
questionable whether cr not such a system would be
economically feasible in wvery many highly competitive
industries unless desipgns were highly stabilized, how-
ever, it does give us a goal to work for in all fields.

CBJECTIVES

Any person or crganizetion that attempts to develop
or improve practices, processes, etc., in any field
needs to have an ultimate goel, or ideal. This ideal
may never be reached, but any progress in its direction
is usunlly gquite beneficial. The ideal tc be worked
towerd in Dimensioning Practice might be stated thusly.
"The ultimate cbjectives mre: the ability to preduce a
complete set of separsate working drawings for a large
number of complex parts, each of which are t¢ be manu-
factured by a separate organizatioh, with no lieison;
the ebllity %o use all parts so produced, with no selso-
tion, in the assembly of mechanisms, all of which will
function properly and efficiently; and at the seme time
keep drafting time and effort to a minimum.®

DECIMAL DIMERSIONING

Any great progress in this field would be quite
difficult if we are to be limited tc frachbicnal dimen-
sions. The newer proposals seem to neglect fractions
entirely and are based on the decimal system. The twa
place decimal system which was inaugurated by the late
Carl E. Johanssen in the Ford Motor Compeny's plents
hes geined ground rapidly, being adopted by a consider-
eble portion of the aubtomotive industry, end by well
over 80% of the sircraft industry. The system has all
of the advanteges of the metrio system, without the
necessity of a vast re-ecducational and re~tooling pro-
gram, end if it had been proposed earlier, might well
heve been prohibited by law, as was the Metric System
in England prior to 1897.

Surveys conducted periocdically show that the shift
to decimal dimensioning continues steadily, 1f not et
an inersesing pece. When one considers the effeot of
this continued trend, it may bs that we should be pre-
paring to change over completely within the next decade.

A1l of the following discussion is illustrated in
decimal form, for the reason indicated ebove, and be-
cause the writer was foreibly converted six years ego,
and would gladly forego any return to a fractional
system.

FUNCTICNAL DIMENSIONING

There has been = tendency in the pest for most
discussions of dimensioning to start with the assumption
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thaet the processes involved in the manufacturs of the
part was the governing factor in dimensioning it. The
present need for performance and interchangeability
hes invalideted that sssumption, for in many cases the
proper functioning of the psrt is persmount. In eny
case the tendency is to consider function first and
processing becomes secondary, however Important.

In the new proposed Americen Standerd, Principles
Governing Design and Dimensioning with Applicetions of
Tolerances and Allowances for Interchengeable Manufac-
ture, we find the following statement "4. In exsmining
the projeot to determine its suitability for economical
menufacturing, inspection and assembly requirements,
primary datum surfaces must be established from func-
tional considerations."

Ordnance Manual, arts. 380.01, 380.02 and .03 read as
follows:

"Dimension and tolerance surfeces in the order of
their importance in the functioning of the mechanism.
The reletionships left without direct dimensioning and
tolerancing should be those of least importance.
Dimension directly to the surfeces which make contact
with other parts in the operation of the mechenism.
Having placed dimensions and tolerances in accordence
with functional regquirements, sbtudy the deslgn to sse
whether eny reerrangements would make mechining faster
or less expensive. On Ordnance drawings do nob
rearrange dimensions and tolerances for machineebllity
unless this cen be done without materially affecting
the accuracy and the utility of the design.®

Other contemporary works on dimensloning express
essentially the same ideas, the emphasls being placed

on. funetion, with processing secondary.

DIMENSIONAL CONTROL

We have been concerned for several years over the
tendency of draftsmen to locete the cenbers of circle
arcs by coordingte dimensions. During the war the
writer was @ member of the Production Design group of
an airfreme menufacturer. One of the duties of that
group was to sxsrcise control of drafting practice,
and we were especlally concerned with dimensioning and
tolerencing. In an effort to combat this and other
troublescme tendencies we coined several maxims which
were rather effesctive. Two of these were "Dimension
the drawing to show the size and shape of the finished
parts; not to show how the drewing was made,” snd "If
you can't ™mike™ it, don't put it on the drawing."

The gensral practice being That any dimension which
disagreed with either of the above statements must be
marked as “"REFERENCE," which means thet such dimension
is for record or informetion only, is not to be check-
ed, nor to be used for processing.

It mey well be that some of these tendencies
which we were trying to overcome can be blamed direct-
ly on our own profession. ASA Z 14.1 and meny of the
eurrent texthooks and menuals have an illustration
similar to that shown in old Fig. 19, which is taken
from the current SAE Aeronautical Drafting Manusl.
This illustration ig & perfsct example of how to di-
mension a part to show how the drawing was made, bub
a very poor way to dimension such a part for produc-
tion. Each of the coordinate dimensions given on this

FIG. 19

i1llustration should, if desired, be given only as
reference dimensions; in faot this is suggested
Ordnance Manual, per. 372.2.

in the

This illustration willl socon be replaced by one
similer to that show in new Fig. 19. A short examina-
tion will show the advanteges of such a system of

XXX
KXX
XX R
M XXXR XXX R
XXR
XX R
I
NEW FiG. 19
SAE MANUAL
XX

dimension only, and the centers of all eircle arcs are
controlled entirely by the location of these surfaces.
Much closer control of the shapes can be attained in this
way with the same tolsrances. An even simpler example
can be illustrated by Figs. 24 and 25 from the Ordnance
Manuel concerning dimensioning of slots or external
surfaces with rounded ends. In either case the two
(Continuad on page 20}




This is a plece of wire, ordinary steel
wire, Blost men, sncountering such a bit of metal in their
path, would not give it a second glance, let alone a second
thought. Yet ... in the hands of men of vision . .. it becomes
a vital component in a miracie—the miracle of magnetic wire-
recording which in the years to come may well affect the lives
of millions of people. ‘

So it is with the ordinary metal of human nature, by some
men thought not worth a second look. Yet it must be obvicus
that from this common clay are fashioned tomorrow’s citizens
for good or for ill. Educators with insight and penetration
know that here alone is the source from which achievement in
any field is to be drawn. Every boy in school possesses more
energy than he can ever use...far more talent than will
ordinarily see the light of day ... hungers and urges toward
the boy knows not what and cannet know unless socmeone
points the way.

How shall this pointing be done? How shall energy be
mobilized toward a worthwhile goal? How shall ambition be
strengthened? How can a feeling for éraftsmanship be aroused
and sound standards established? How indeed if the educator
fails in his primary responsibility?

The very drawing instruments a boy uses in mechanical
drafting are a case in point. These are the instruments used
by engineers whose exploits can fire the imagination and stir

the desire to emulate in every mechamically minded Iad ...
especially if the boy, at the threshold of manhood, has the
inspiration of teols worthy of grown men. The selection of
his drawing instruments ig an initial step om the road that
leads to adult achievement. Here, too, “Well begun iz half
done.” All men respond to fine workmanship. Shall the quality
of the student’s equipment be less than enough tc win his
respect? The human mind moves by analogy, from small to
great, from near to far. In what direction shall these near,
“small”’ steps lead? Any educator who weighs these ques-
fions knows that fo let a boy work with any but the
finest eguipment he can afford is to contradict alf that
the educator has learned about the fundamental educa-
tional process.
EUGEME DIETZGEN €O,

Mew Orfesns o Pittsburgh

Son Froncises @
Washingion @

MNaw York @
Philadeiphia *
Deolers in All Principal Cities

Chizage ©

Laos Angeles 2 Milwaovkes

EVERYTHING FOR
DRAFTING AND SUBRYVEYING
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PROBLEM SOLUTION

by

Professor H. D. Orth, University of Wisconsin

Problem: Given any triangle ABC. It is requirsed to
construct & pyremid with this triangle as base, and
with the lateral edges inclined specified angles to
the plane of the base.
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hnalysis: Three right circular canes with vertices at

the cormers of the given triangle, with axes perpendi- -

cular to the plane of the triangle and elements making
{Continued on page 38)
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DESCRIPTIVE GEOMETRY

By EARLE F. WATTS and JOHN T. RULE, MASSACHUSETTS INSTITUTE of TECHNOLOGY

A well-planned volume that develops the ability of the student to solve engineering prob-
lems by the simplest graphical methods. The authors have not limited the teaching of De-
scriptive Geometry to one mode of attack—as in texts which present the "Direct” or the
"Mongean" method alone. All methods of solving problems are thoroughly described, en-
abling the student to choose the simplest solution to each problem.

Note these outstanding features:
® Emphasis on the solution of problems.

® Inclusion of the properties of piane figures as a proper
part of a textbook on graphical methods.

@ Chapter on stereoscopic drawing.

@® Numerous teaching aids, and. iliustrations in-
cluding reproduction of A. S. A. drafting
standards, four place tables of natural tan-

gents, and chords of angles; problems.

Published 1946 ® 301 Pages ® & x 9"

_ ——t
PROBLEMS IN DESCRIPTIVE GEOMETRY

By EARLE F. WATTS and ARTHUR L. GOODRICH, MASSACHUSETTS INSTITUTE
of TECHNOLOGY

Ideal for use with Watts' and Rule's Descriptive Gecmetry, or any other descriptive geo-
metry text. There are over 100 problems printed on 814" x 11" sheets, vividly illustrating
the application of fundamentals and special methods for the graphical solution of engin-
eering problems.

As a student aid, certain problems are included which require both a graphical and an ana-
lytical solution. A form for plotted problems enables the instructor to assign problems of
his own choice. |

Published 1946 ® &4 platss

Send fon your Copies Toda |
PRENTICE-HALL, Inc.

70 FIFTH AVENUE NEW YORK 11, N. Y.
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TEACHING CLINIC IN ENGINEERING DRAWING AND DESCRIPTIVE GEOMETRY

Members of.the Teaching Clinie: Professors H, C. Spencer, F. G. Higbee, Ralph 5. Paffenbarger, H. P.
Hoelscher, F, M. WNarner, John T. Rule, G. Gerardi. {Editcr's note) The following six artiecles are a partial
presentation of the contents of a teaching elinic that was condueted on Tuesdey, June 15, 1948, at the University
of Texas; Professor MeNeil of Texms presided. Professor’Spencer started the discussion. - His tople was black-
boards and their use in the classroom. He gave an excellent demomstration of blackboard sketching technique and
emphasized in this discussion the importance of preparation of sketchss prior to class demonstration. No written

paper is now availeble covering his discussion.

STIMULATING .STUDENT INTEREST IN ENGINEERING DRAWING
AND DESCRIPTIVE GEOMETRY

by

Professor F. G. Higbee
University of Iowa

Meintaining end enlerging student interest in
Engineering Drawing and of oreating end developing
student interest in Descriptive Geometry more
accurately deseribes the teacher's responsibiliyt and
opportunity in this discussion than does the topie
assigned.

Students already have a lively and motivating
interest in engineering drawing when they first begin
the course, They kmow so little about descriptive
geomebry they have neither an interest in nor a
prejudice against that subject, exgept perhaps us they
become acquainted in college they hear rumors and
tell tales about its complexities.

Therefore, I am proposing to comment om the
teacher's opportunity and duty in maintaining and en-
larging the natural interest students have in engi-
neering drewing, and of indoetrinating students with a
bellef that descriptive gecmetry is as much en impor-
tant and a necessary part of the graphic language of
drewing as is grammer of the written language.

Rather than heving to stimulete interest in engi-
neering drawing the tescher's concern should be pri-
marily the organizetion of the content of the course
to hold the natural interest of his students and to
convince them of their ability to become progressively
better draftsmen wirile at the same time to insist upon
stendards of draftsmanship which grow more and more
exacting as the course eontinues.

Once the student realizes, equipped as he is with
an efficient kit of tools for making all the construc-
tions required, that with e working lmowledge of basic
principles he can now write in the most successful
language ever devised for the recording and transfer-
ring of creative ideas, he now can be made to under-
stand the importance of quality work, In my judgment
interest in engineering drawing is established. The
teachsr’'s important missionary work is to make the
student understand and believe thet established draft-
ing standards and acceptable standards of worlmanship
are essentisl features of engineering drawings.

To indoctrinate students with the belief that
descriptive geometry is an importent and necessary

part of engineering drawing is, I concede, a difficult
end baffling assignment, I am of the opinicn that
teaching descriptive geometry as a separate and dis-
tinet ocourse tends to asggravete the difficulties the
tescher has to face. But whether descriptive geometry
is taught as a distinet course or i1s aebsorbed into the
course in engineering drewing, there are certain
polnts about its presentation which rightly used con-
tribute largely %o the attitude of studemts.

As teachers of engineering drawing we know, of
course, that descriptive geomstry probably is the first
and undoubtedly ome of the best educational disciplines
for teaching the enginmeering method of thinking; we
are well eware that the methods of descriptive geometry
offer o satisfactory, quick, and illustrative system
for the solution of meny engineering problems; we
constantly emphssize that descriptive geometry. is the
name Tor that graphic system by means of which eireative
thinking is made evident teo others. It is, we declars,
the very space gecmetry of representetion, the
peometry of the drawing board and, if we get desperate
as we ofttimes do, we invent other nemes and cther
attention~-claiming phrases to deseribe the usefulnsas
of this subject we are trying so hard to "decurse™!

There is nothing new in this problem. Teachers
begen to fade it when dsscriptive geometry wss intro-
duced into the United States in 1816: teachers con-
tinued the discussions when this society was founded
in 1893. I do not expect to solve the prcblem in the
ten minutes allotted to me at this time in 1948,

I shall, however, offer these suggestions, In
whetever fashion most expedient, whether as a separate
course or as a part of a general engineering drawing
course, teach descriptive geometry primerily as a
drawing subjeet. Choosé only meterial which you can
readily identify es having direct and practical appli-
cation. Bliminate the so-called "pretty" problem.
State problems im engineering terms and relate them to
engineering work. '

As & final suggestion, always have avesilable &
stock of apparently simple problems in the form of
drawings which seem to be complete representations.
Assign these problems when you think students need to
be reminded thaet drewing is not mere peneil pushing.
About the time they get svalled trylng to "copy" a
drawing, and discover for themaselves--or from a subtle
suggestion of yours--that involved therein is ome or
more principles of deseriptive geometry which must be
applied, a more respectful attitude toward the use-
fulness of the subject rapidly develops.
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PREPARATION OF QUIZZES AND EXAMINATIONS

By
Ralph ‘S. Paffenbarger
Ghio Btate University

From the standpoint of preparation of quizzes and
examinations in Engineering Drawing, the following
points should be considered:

1st - Type
A, Objeetive
1, True and false
Z2. Completion
3. Multiple choice
B. Performance
2nd - Coverage or content
drd - Evaluation-Per cent term grade
4th - Time Allotment
8th - Final form from results smalyzed

The type test should be selected on the basis of
what is to be tested. Under the objective classifi-~
cation we have listed three types. The first, true or
false with the grading corrective factors to penalize
the guesser. It has matched. limitations and is
generslly classed the poorer type of the cbjective
quizzes. 8Jeveral years ago when true-false examina-
tions were quite the popular type, I gave a final
examination that was being given in an advanced draw-
ing course to our secretary who was a Smith College
graduate and a Phi Beta Kappa. Even though she had no
knowledge of the subject, she made an A grade in the
test; and had she been taking that exemination for
proficiency, she would have been given credit in an
advenced drawing course without very muoh Xnowledre of
the basic courses. This gave me a very bad opinion of
the true-false typs,

The completicn type, requiring a short statement
to finish a sentence, i1s much preferred over the essay
type since it reduces the volume of reading matter and
is desirable in some instances of testing the
student's kmowledge of fixed comnclusions of important
fundamentals.

The multiple choice type is the most popular of
the objective type and may be used with 3 to 5 op-
tions. When material is such that it will lend itself
well toc the seledtion of these options, 5 is prefer-
able for the reason that it reduces the factor of
guessing. The multiple choice type in drawing exami-
nations is partieularly popular because of the possi-
bility of its comprehensive coverage of the material
and the elimination of the factor of the grader's
Judgment which freguently is at wide variance, Soor-
ing of these tests 1s positive and rapid. They may be
sgored elther with stencils, or if proper blanks are
used, they may be machined scored. The tests ars
capable of standardization, getting wide spread re-
sults, and from the analysis from gquarter to guarter,
with continued use their reliability can be readily
established. Another adventage of these tests is the

stimulation of extensive preparation on the part of
the atudent.

In general the objective type quizzes tests
knowledge, visuvalization, and understanding of the
subject matter.. They may be strietly a word type
test without reference to drawings, or they may be a
view type; and the majority of the questions ars of
the view type.

The ome objection to multiple choice 1s that it
does mot measure drafting skills, however, this is
adequately done through the laboratory assignments
and students are well classified from the standpoint
of performence on this basis.

The performance test, nevertheless, has its place
in the testing progrem and should not be wholly dis-
carded, In connection with the performance tests,
they are frequently designed so that they do not give
wide enough spread in the grade range, That is to say
they might be entirely too emsy or teo hard and a :
class would be unfairly mesasured by such a test. The
performance type likewise does not give you the pos-
sible ecoverage in a limited time that a multiple
choice sxamination pives.

Dealing with the second factor, that of coverage
or content, much depends on the period in the coursse
at which you are measuring, as well as the time avail-
able for such measurement. As elready mentionéed the
multiple choice type gives much more comprehensive
coverage of subjeect matbtor in a limited tims.

The next point mentioned, that of evalusation or
per cent of term grade is of prime importance in the
design of a test., All tests in basic drawing courses
should weight more heavily than actual laeboratory
grades for the reason that the student is then express-
ing himself whelly upon his own knowledge of the sub-
ject, without the aid of a book or the instructor's
help. In comnection with the evaluation with reference
to gquizzes, all quizzes should be evaluated on & time
and coverage basis; thet is to say if you spend twice
ds much time in testing throughout the guarter as you
do on the final examination, these quizzes should
weight mors heavily than the final. First of all,
final examinations should be given in all basic draw-
ing courses and the per cent of term grade con all
tests should excesed that of the laboratory work,
Frequently schools will reduce drawing tests to =
minimum, feeling that the students are sufficiently
measured through laboratory assigiments. From my
experience this is entirely wrong, and I have always
maintained that drawing is not a subject of mere copy
and proper delineation of line work and lettering,
but is a subject which necessitates considerable power
of wisualization and clear thinking,

In commection with the time availsble, quizzes
should be carefully analyzed tc ses that sufficient
time is allotted for the particular test in qusstion.
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Time may be established through experimental sampling
in small secticns, or preferably with student
assistants in the department before they are actually
used in the elassroom. This is an important item and
should be very carefully snalyzed. Frequently in the
multiple choice type the tests are designed so that
very few students can complete the entire quiz. Where
speed is & factor wider spresds are generally ob-
tained, snd this is quite desirable when establishing
the mark for term grades.

Too frequently we are satisfied with tests with-
out a knowledge of whether they are properly measur-
ing, In comnection with the revisicn and improvement
of tests we should score results to wvalldate our ques-
tions and revise in accordance with results shown to
impreve them in every respect. The prime function of
any time test is to appraise or estimate with all
possible accuracy the extent of the student's mastery
of the feetual content in the subject that he is
studying, In connecticn with Engineering Drawing we
test a student's power not only to read but to write
the language and hls ability to make useful applica-
tion of this power, and more especially with our
eraphic language do we develop his power to bthink and
visualize in terms of prectical engineering projects.

For economy of time we should have a sampling of
material to give us the greatest range of coverage in
the least possible time. consistent with reliable
measurement. Huestions of whatever type must be en-
tirely clear and ambiguity eliminated, The format
should be censistent with the drafting practice main-
teined, and should be reproduced with the most
accurate methods from exceptionally well exccubed
drawings.

OBJECTIVES OF ENGINEERING DRAWING COURSES

by

Dean R. P. Hoelscher
Tniversity of Illinois

In presenting this brief discussion for which ten
minutes has been sllotbed, no attempt has been made to
outline & set of hard and fast objectives to which we
should all adhere, but rather to emphasize the impor-
tance of having some very definite objectives and to
point out that these aims may vary somewhat from time
to time and differ somewhat between scheools and even
betwoen clesses.

In setting up a course of instruction, we must
first of all have certain over-all smd far reaching
objectives in which we establish exactly what we are
trying to eccomplish. These ultimate gosls will not
vary so much. To implement these mejor objectiwves, we
need to plan more in detail and set up minor or
specific goals for each unit of work, whether that be
for a day or a week.

Qur detailed objectives and perhaps even our

major goals, to some extent, will depend somewhat upon
the crganization of our schools. For example, 1f we
imagine ourselves in a school where each major curri-
cule department teaches its own -drawing courses, the
aims of these departmental drawing courses will met
necessarily be the same.

Or again, if we imagine ourselves to be 1n &’
school in which drawing is taught by a servies depart-
ment handling all engineers, our aims will be
influenced by the method of registration. If students
in all curricula are Indiscriminately registered in
seotions, ocur objectives would be somewhat different

-than if we segregated mechanical engineers in one
_secticn, eivil enginsers in another, and so onm,

Whatever the situstion under which we work, having
set up certain goals, ocur job is mot finished mbtil we
examine and reexsmine year by year the methods and
means we use to achieve our sims. The question should
frequently be raised, "Are we using the best assign-
mentsy the best problems, the best in visuzl alds for
the purpose inténded?" o :

In doing &1l thils, we should not overleook the
fact that there are slsc certain secondary cbjectives
of & broad nature which are achieved by ‘the personal
influence of the teacher as an individuel. One man may
inspire his students to attain e professional attitude

“in his work and an altruistie outlook as & oitizen;

ancther may have the opposite affect.

With this statement as n background, the young
teacher may well ask, "Are there mo definite goals
toward which we must all strive?”" The answer to this
3 1 " : : !
ig, "Yes.

One of our broad cbjectives is "to contribute our
portion, and it is & very important part, to.changing
the ineoming freshman from the. immaturity of youth to
the more experienced status of the potentisl enginesr.”
I would like to emphasize the word, "change," for that
is the essential part of the process we crll education.

Those of you, who attended the Drawing Division
Summer School at Washington University in St. Louils
two years ago, will recmll the intemsive discussion
which centered arcund the canuse of the resistance of
our graduntes to beginning their careers in the draft-
ing room.

The temchers tendsd to put the responsibility upon
industry, and the representatives of industry present
placed it upon the tesmchers with equel viger. We have
perhaps stated our objectives, both to. cur students and
to ocurselves, & bit too bluntly by saylng that our
objective was to train them to be engineers, paren-
thetically or by way of infserence, we have implied,
"reather then dreftsmen." While this may be true, our
method should be such that the student will not be
averse to the use of the drawing board.

We teamch our students one of the two methods by
which engineers communicate their idems to each other
end transmit them to skilled workmen. We have em-
phasized the importance of drawing as a graphic
lanpuaps and we have anamlyzed it for pemmanship,

(Continued on page 15)
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{Continued from page 13)

grammar, and rhetoric. All of this is very good, and
it is one of our major objectives, but it seems to me
that we mey have failed somewhat in recognizing as
one of our broad objectives that drafting is & useful
teol in thinking. Wany timss 1t is just as important
a working tool as mathematics and indeed sometimes
the only tool by which problems can be seolved. We
must equally emphasize that it is a method of solving
problems not merely a way of presenting & [inished
solution,

Cur deseriptive geometry is not so much a train-
ing in visualization =s it is a logleal reasoning
process, by means of which ultimate visuslization may
teke placs. This is particularly true in the more
complicated problems whieh require the ultimate skiil
of the draftsman. In the begimning he dves not know
what the sclution of his problem is going to .look
~like, but after he has brought to bear the methods of
drafting and descriptive gecmetry, he has a drawing
and from this drawing he knows, and anyone else may
¥new what the object looks liks, or whethsr this part
of & machine has ample ¢learance, or whether another
pert can be reasonably assembled.

As a working tool for analysis and design, draft-
ing is inextricably =ssoceciated with manufacturing
costs. Our students are too immaturs to receive much
instruetion along this line, but it should be ome of
our objectives to show them that careful work on the
drawing hoard may, for example, save en ounce of mate-
rial on a part which in mass production mey mean
thousends of dollars. Or careful study on the board
mzy eliminate some one or more machining operations in
production with a consequent seving in costs.

Another of our objectives has been the develop-
ment of manual skills; in lettering, the use of in-
struments, meking the correct weight of lines, proper
arrowheads, freehand sketching, and the 1ike. Some-
times, I believe we have overemphasized this objsct-
ive. True encugh, our students should be able To make
satisfactory drawing with reasonable speed and we can-
not neglect this phase of our work, but it is equally
importent that the student recognize that the purpose
for which a drawing is to be ussed will determine the
time and care which should go inte its execution.

For example, in development work, where a drawing
is to be used only once and then by a skillsd workmen,
who is perhaps as familiar with the job as is the
draftsmen, & rough pencil drawing or even a well made
freehend sketceh may be entirely adsguate. A drawing
for final production, on the other hend, should be
carefully made, perhaps even inked so that blueprints,
which may be sent to varicus plants ere clear and un-
mistakable.

With these broad objectives outlined, mey T take
up one or two details and elaborate upon the effect of
department orgemization upon such aims?

To illustrate, let us assume that our classes re-
present students in all curricula and our subject is
dimensioning. Upon such conditions our scle objective

ecannct be machine dimensioning with 1ts heavy emphasis
on limits, tolerances, and surface finish, The e¢ivil
engineer, the architectural engineer, and even
mechanical enginsers in some situamtions, do not
reguire these refinements at all. The structural
engineer has 3still other requirements.

Our objective in such cases then must be to show
the fundamental reguirements of all dimensioning so
thet an object can be manufactured or constructed, and
at the same time to show when and where the refinements
of limit dimensioms are reguired. This in itself is &
big task,

On the other hand, if our classes are segregated
by curricula, mechsnical engineering students could be
given more work in production dimensioning and civil
engineers could specialize in their own field.

One of the representatives of industry at our «
1546 Summer School gave as & reason for the reluctance

of our graduates to work on the drawing board the faét'.'

that in meny cases they were not sure of themselves
and were reluctasnt to underteks the responsibility of
making a drawing thet was going to be used in produc-
tion. :

We must, therefore, aim at a fundamental complete
and tharough mastery of the principles of orthographic
projection so that dur graduates feel competent to
undsrtake eny problem. ' ‘ i

Second, we should give them some definite know-
ledge about the fundeamental prineiples of dimensioning
mentioned before.. They should be familiar with
standard parts that can be purchased on the open market
and how to represent them by symbols and how to specify
them on the drawing or in a bill of materials. This
involves not only the simpler every day items such as
bolts, screws, keys, ball and roller hearings, but also
the host of other items to be found in such publica-~
tions as the S.AE. Handhook, the pemphlets of the
American Standards Association, Sweet's Engineering
Index, and others.

Other objectives, which we may consider as m
by-product of our methods of teaching, are those men-
tioned by Mr. Griswold such as "orderly methods of
procedure, accuracy in all its aspects, neatness, and
thoroughness.® I have called these objectives by-
produets, not becauss they are less importent, but
rather because we do not make specific assigmments on
them. The achievement of these aims 1s very important
and 1t depends almost entirely upcn the teacher rather
than the course material or departmental organization.

In lerge drawing depertments or small, it is &
good practice to review our objectives freguently so
thet we do not settle into the humdrum of routine work
end overlook them entirely. There is an inspiration
to be gained in keeping ever before us a definite ob-
jective which we are striving to attain., This inspira-
tion 1s essentiml to successful teaching.

(Continued on page 27)
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LUCITE MODELS FOR STUDENT USE IN CLASSROOMS

John G. Sseger and Harry D. Richardson

Louisiane Polytechnic Institute

TNTRODUGCTICN :

Projection is of'ten sxplained by sasking the stu-
dents to visualize lines and points on an imaginary
plane that is between the observer and ths objsct o
be projected, The process of learming the fundamen-

tals of projection is difficulft enough for ths average
student without asking him to also have a clear con-
cept of anything as nebulous a5 an imaginary plane.

To suhstitute real material, such as clear, trans-
parent Lucite, for the imaginary plane will slleow the
student to concentrate on the fundamentals of pro-
jection.

The photo-
graph shows & cube
made of Lucite in
which is a small
model that is used
for demonstrating
the principles of
projection. On
the six sides of
the cube are ortho-
graphle projections
of the object.
Chert I shows this
Lucite box "de-

: the relative posi-
tions of the six normel plsnes of projection.

For classroom eiplanations, the teacher uses the
médel’ and Chart T with additional blackboard sketches.

r\ﬂ £ "o :
ol b'}‘]_:! ==t ]

THE "LUGITE"
PROJECTION BOX

Thié.phart ig large and must remain.tacked to the
wall, but the Lucite model is small and is passed
along to esch student.

It has besn observed in clesses thet students
studied the details of the differeunt views and

veloped® to indicste
P )

compared hidden lines with object lines in oppesing
views. The reaction of both beginning and advanced
students wes that such a model greatly clarified the
prineiples of projection.

Workdng with Lucite requires a slightly different
technigue from some other materisls. By trial and
error, the following ldeas for fabriecating Lucite have

evolvwed.
MATERIALS: (For one 42" Lusite cube.)

a. 1 pisce of clear, transparent Lucite 12" x 18"
x 1/10".

b. € ounces of glacial acetic mcid,.
c. 1 &mall bottle of red fingernail pelish.

ds 2 smell machine serews to secure the machined
part.

g« 1 small machined part for demonstrating
orthographic projection.
JIGE:

The jigs in sketeches 1 and 2 weré made from pins
and used in forming and welding ss explained below.

—- RUBBER
BANDS

SKETCH T

FORMING BLOCK

SKETCH IT

1Spenoer, Henry C., and Grent, Hiram B., "Technical Drawing Problems". Plate B-3.

N.Bs - White tape was placed on all cornsrs of ths box and white paper was placed on the bobtam, rear, snd left
gides so that the debails could be clearly photographed.

Mr. H.L. Henry, fommerly on the faculty of I1linois Institute of Thechnelogy and now on the faculby of
Louislans Polytechnic Insbitulie, has been of great assistance in making models for student use in teaching

engineering drawing.
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CUTTING LUCITE :

Lucite is shipped from the manufacturer with a

heavy mesking paper on both sides to protect the high-.

1y polished surfaces. If this paper 1s removed ba-
fore sawing, the surfaces will certeinly be sorabehed
on the saw table.

Lucite cen be setisfactorily sawed on a fine-
toobhed ‘band saw running at e speed of 8,000 teo
12,000 fpm. Hold the material firmly aegeainst the
table and feed et a slow uniform rate. Any chabbter
is likely to crack the materisl and break the corners
off as the blade clears the edge. In laying out the
cuts, leeve smple space Tfor sanding the edges to
smooth plane surfaces.

WELDING LUCITE:

Lucite is easily welded with & solvent cement
like glaciel acetic acid. The 2cid softens the edges
to be joined and they sre then pressed firmly to-
gether until the solvent evaporates and the joint
hardens. Listsd are the steps to be followed in
welding': i

N 1Sand the edges %o be joined with emery cloth

to insure a good fit.

b. In a glass tray, pour a small emount of
glacial acetic acid., Heat the acid to
approximately 120 degrees Fehrenhelt.

c. _Unlformly'heat the entire surface of one of
the pieces of Lucite to be joined unbil it
is slightly hotter than the acid. (Do not
overheat the Lucite.)

d. Dip the edge to be Jolned into the acetic

" @éid for epproximately twoe and one-half
minutes, or uwitil a “cushion™
ts formed. (If the piece of Lucite dipped
into the seid is colder than the acid, the

" fumes will condenss on the surface and begin
to run down. This will ceuse the surfece bo
become wavy and the transparency will be im-
paired, Tt is permissible to cover the sur-
fooe with a special masking papsr to prevent
this condensation, but it must be impervious
to the fumes and must not allow the =eid -to
travel up by cepillaery action.)

e. - The edges to be jolnmed ars placed together in
the Jig shown in sketeh 1. The pressure
should squeeze out all the alir bubbles and
be evenly applied throughout the length of
the joimt. The Jig arrangement allows the
weight to exert comstent pressure even though
the joint shrinks during the setting process.
About fifteen p.s.i. is satisfectory for good
joints. Excessive pressure will cause craz-
ing and detract from the amppearance of the
model. )

f. Welding on the top and bottam will require a
different pressure arrangement. A simple
way is to follow sketch 3. The sides are
heeted and dipped in the warm acid as pre-
viously explained., ' To compensate for slight
deviations in the edges of the sides end for
shrinkege, the top is leid on & thick rubber
mat on the drill press table., Ths soft edges
of the sides are sarsfully plased on the
Lucite top and the drill press mandrel is
lowered and locked in plece. (It is not

of soft plastic

PRESSURE  FROM
PRESS MANOREL

BEARING ——. 1
BLOCK N

DRILL PRESS BEDR 1

SKETCH HOT L -

satisfactory to place & welight on the box to exert the
pressure bscause the weight will not be laterally sup-
ported mnd will move onm the soft Mcushion" of plastic.)

POLIBHING:

The joints should be sanded and pclishsd after
waiting seversl days to allow complebe setting and
shrinking. It is possible to polish the joints to a
high gloss 1ike the original materisl. The best polish-
ing machine is similer to o potter's wheel.

The wheel is a flat plate approximately 12" in
diameter, covered with thick felt, and turns about 250
rpm. White rouge, a buffing canpound used by optome-
trists, is worked into the felt with water. "With the
felt still demp, lightly press the Jjoint ageinst the
turning wheel. Too much pressure or letting the felt:
get completely dry will burn the surfave and herdened
particles of felt will cause deep scratches.

FORMIKG LUCITE:

Lucite 1s =& thermoplastlc and can be fonned ot
temperatures as low as 2560 degress Fahrenheit. :Sketch
2 showa how the plastic is formed efter being heeted to
 uniform temperature of 275 degrees. This forming =~
operation is necessary to maeke e support for the machin-.
ed part.

USE OF FINGERNAIL POLISH:

Hed fingerneil polish was selected for the liues
on the Tucite becéuse the solvent in the polish appar-
ently reacts with the Lucite and forms very hard durable
linss. The lines are soft for several hours but .
eventually herden enough to withstand the rough tresat-
ment of almost constant handling.

Any properly sharpensd drawing 1nstruments work' :
well with the fingernail pélish. It is advisable to add
some thinner t6 the fingerneil polish to meke 1t flow
more evenly.. Any mistekes can be corrected with finger-
neil pollsh remover on e soft cloth,

CONCLUSION:

Lucite is so emsily cut, machined and formed thet
meking these models is e pleasant task. The p0551b111~
ties ere unlimited when ons thinks of demonstrating
the principles of auxiliary views, sectioning, inter-
sections and developments, and problems in descriptive
geametry.

The favorable comments end reactions of the students
ere enough to compel us to make mors Lucite models for
demonstrating the principles of projection.



Engineering Drawing — 7 ruio

By the [ate Thomas E. French, the Ohio State University. Revised
by Charles J. Vierck and associates of the Department of Engineer-
ing, The Ohio State University. 694 pages. $4.00 :

The value of a course in drawing lies in the selection, methods
of presentation, and correlation of the problems with as-
signed study of the text. In this revision many of the favorite
problems of the previous edition have been retained and
many new ones representing current design have been added.,
The chapter on illustration and the complete rewriting of the
chapter on perspective plus the expansion of the chapter on
dimensioning into two chapters will be of tremendous value
to the user of this text,

Engineering Drawing Problems

By Charles D. Cooper, Pavl E. Machovina and Charles J. Vierck.

All of the Ohio State University, armanged for and correlated with
French's Engineering Drawing. Series |. £3.50 :

Practical, direct and thorough, this book presents a series of
problems in the most logical and usable order for first-year
classes in engineering drawing. In accordance with & recent
survey made by the drawing division of the American Society
for Engineering Education, the book includes exercises in all
of the subjects usually covered in schools throughout the
country.

Engineering Drawing Sheefs_s..... r

By Thomas E. French; and H. M. MeCully, Late Professor and Head
of the Department of Drawing and Descriptive Geometry, Carnegie
Institute of Technology. $4.00

These sheets are designed to make the most economical use
of time allowed for drawing courses. The careful arrange-
ment of lesson sequence; the increased attention to reading
drawings and technical sketching; the time-saving layouts
of problems in projections; sections, dimensioning, lIettering,
working drawings; combine to make a course that compels
student interest.

OUTSTANDING AIDS -

Problems in Engineering

Drawing — sc.ies I

By A. 5. Levens and A. E. Edstrom. Both of the University of
California. Keyed to the 7th Editicn of French's Engineering

Drawing. $3.00

This well-known and widely liked workbook has been care-
fully revised and enlarged from 62 to 72 worksheets. Its
primary purpose is to provide, in a minimum number of
plates, sufficient practice to enable the student to master the
techniques of drawing in accordance with practice estab-
lished by the American Standards Association.

Mechanical Drawing — su £divon

By the late Thomas E. French. The Ohio State University; and
Carl L. Svensen, Consulting Engineer. 437 pages. $2.80

This revision retains all the well-liked features of earlier
editions but offers many improvements and much new mate-
rial, New chapters have been added on aircraft drawing,
production illustration, and welding drawing.

‘Workbook in Mechanical Drawing

An Introductory Course.

By Shriver L. Coover. Director, Industrial Arts Department, State

Teachers College, Califarnia, Pennsylvania. 96 pages. §1.48
The unit structure of this workbook enables each member of
the class to progress at his own speed with little help from
the instructor. Drawing units are presented in logical order
with each unit brief, but containing all the information
necessary for understanding the principies involved. Special
objective tests, pertinent to life situations and largely self-
administering, are included with the various units. Written
specifically to save time for both teacher and students, the
book is as nearly self-teaching as it can be made.

Applied Descriptive Geometry
With Drafting-Room Problems — Third Edition

By Frank M. Warner, University of Washington. 252 pages. $2.75

Easy to teach, easy to understand, this widely used standard
text is well liked because it emphasizes the direct view
method; and because it includes a wealth of illustrative
problems covering all branches of engineering with engi-
neering settings and data as they occur in actual practice.

McGRAW-HILL Book COMPANY, INC. .
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Technical Descriptive Geometry

By B. Leighton Wellman, Professor of Mechanical Engineering, Head
of the Division of Engineering Drawing, Worcester Pelytechnic In-
stitute. 508 pages. $4.00 -

This popular book provides students and industrial drafts-
men with a complete up-to-date treatment of the important
subject of descriptive geometry. Written in simple language
and generously illustrated, the book covers the subject thor-
oughly, beginning with the most elementary concepts and
progressing by easy stages to the complex intersection and
development problems found in modern applications. The
whole approach to the subject is new. By classifying all
views simply as “adjacent” and ‘“‘related,” and emphasizing
the direction of sight for each view, the author develops the
entire subject simply and logically without reference to
imaginary planes and projections.

Practical Descriptive Geometry— s £dition

By W. G. Smith, late Professor of Engineering Drafting, School of
Engineeting, Northwestern University. 275 pages. $3.00

A textbook for engineering college students which is unique
in its collection of problems based on engineering situations.

Geomelry of Engineering
Drawing — 1hird Edition

By George J. Hood, University of Kansas. 362 pages. $3.00

This pioneer in introducing the direct method of teaching
Aescriptive geometry has been widely adopted. Teachers
have discovered that the use of the direct method greatly
reduces the number of students who fail or drop their de-
seriptive geometry course. The method used in this book
adopts the methods, vocabulary and attitude of mind used
by the engineer when he visualizes and designs structures.
Problem sheets for this text are available at $1.50 the set.

Send for copies on approval

Architectural Drawing
for The Building Trades

By Joseph E. Kenney and John P. McGrail, both of the Massachu-
setts University Extension. 138 pages. $3.00

Elementary enough for the beginner, this bock is designed
especially for students who wish to prepare themselves for
work in an architect’s office. The approach is eminently prac-
tical and the approach throughout is on student activity—
learning by doing. There is a minimum of text material in the
sense of description and explanation; there is a maximum of
direction, guidance, and practice.

Quiz Questions—o.d Fdition

To accompany the 7th Edition of French's Engineering Drawing. By
John M. Russ, Professor of Engineering Drawing. The State Univer-
sity of lowa. 50 cents,

A particularly helpful teaching aid for use with the latest
edition of French's Engineering Drawing. These questions
can be assigned students at various intervals and will be
found a great convenience to the instructor as a source of
quiz and lecture. The pattern of the previous edition has
been followed, but improvements in the arrangement of the
material have been made throughout.

The Essentials of Letfering— ;. cdiion

By the late Thomas E. French, and Robert Meiklejohn. Oblong, 94
pages. $1.75

This classic text shows the method of construction of various
styles, analyzes the letters, giving the order and direction of

strokes, and aims throughout at the snap and swing of
professional drafting. The illustrations are of a high grade.

Lessons in Lettering

By the late Thomas E. French, and William D. Turnbull, Book1 —
Vestical Single Stroke. Second Edition. 40 pages. 50 cents. Boak Il
—Inclined Single Stroke. Second Edition. 40 pages. 50 cents.

A famous series of practice books with text examples and

_exercises for students and draftsmen. The volumes save all

the trouble of ruling paper for practice, and provide both
practice paper and text in one book.

330 WEST FORTY-SECOND STREET, NEW YORK 18, N. Y.
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(Contlnuzd from pege 7)

DIVENSIONING  SLOTS
WITH ROUND ENDS

2 MOLES
250+ 805

FIG. 25

DIMENSIONING EXTERNAL SURFACES
WITH ROUND ENDS

most Important dimensions, overall length and overall
width, are given, but the velue of the radius is
omitted. Here sgain closer control can be accomplish-
ed without any "bightening up" of tolerances.

CURRENT SPECTALIZED SYSTEMS OF DIMENSIONING
FOR INTERCHANGEABILITY

Several of the most interesting current systems
being developed today differ only in the details of
the notes or symbols employed and in their method of
indicating tolerances and/or limits. To the best of
my kmowledge the beginning can be traced to the "True
Position" note, and symbolic system of controlling
eccentriclty, squareness, etc., appearing in the
Socisty of Automotive Epgineers "Aircraft Engine
Drafting Room Practice," which was published in 1941
as a result of the Joint effort of a representative
group of leading engine and accessory manufacturers
and airline operators. The committee responsible for
this mamual was enlarged to include airframe manufeac.
turers and a revised "“SAE Aeronautical Drafting
Manual" was issued as of June 1946. This revised
manual goes still further inte the "True position™
method of dimensioning, but is still making what might
be termed a "cautious and gradusl transition, at
least when compared to the efforts of several other
agencles.

The next item to appear on the scene was
"Drafting Room Practice in Relation to Interchangeabls
Components," by C.A. Gladman, Scientifie Officer,
Hational Physieal Laboratory, England; published by
the SAE in 1945. This excsllent treatise, more
sonmonly known in drafting circles as simply "The
Gladman Paper" has stirred up quite o lot of contro-
versy on at least two counts; it is not the easiest
thing to read and digest, and furthermore, if one
attempted to apply the practices conbained in it =
complete shop re-sdusation might be required.

A third, and much more comprehensive, coverage is
conteined in the 132+ page "Ordnance Manual on Dimen-
sioning and Tolerancing", prepered by the Inspection
Gage Sub-Qffice, Office of the Chlef of Ordnance,

A.8.F. United Stetes Army, end issusd 1 August 19485,
Mors deteiled discussion and comparlson of these thres -
systems follows.

In reality all three of these items are merely
different approaches to the locational tolerancing sys-
tem. The underlying philosophy of this system is: re-
move all tolerances from location dimensions and allow
variations to exist in the location of elemsnts rela-
tlve only to their thsoretically exact location.

If all location dimensions are comsidered to be
"Basic," without sny tolersnces, the effect mcan be
illustrated by the enlarged diagram in Fig. 66. (Ord-
nance Manual). The two intersecting centerlines

man <:;:1~\ B ) ‘ . %&
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représént the theoretical location of a hole (of pin,
or other eireular slement).

If the design requirements allow the center of a
particulsr hole or other slement to vary from the cal-
culated center by an amount D then the center may lie
anywhsre inside the erea of the larger circle "A"™ of
2D diemeter. If this same elesment were +to be located
by the conventionsl cowordinate system the designer
would be required to reduce this allowable variation to
E =D = allowable tolerance on co-ordinate dimensions.
This reduces the area of possible variation from %D2
2D%, or a reduction of 36,8% as shown by the inscribed
square "B," When gages are mads to check the locatiom
of this element it is necessary to further restrict the
location of its center to the area of the smaller circle
"G" inscribed within the square with s further reduction
in area te WD" or = full 50% dreduction of the toler-

2

ance aree. -The opposite appreach to this problem would
be more impressive in thet it can be shown that the
change from the convenbional methed of co-ordinate loca-
tion dimensions with Lolerances to the locational
tolerencing system gives us a 100% increase in the
allowable area of wariabtlon.

This effect is purely one of production importance,
howaver the effect on design is equally important. The
design of universally intsrehangesble camponents when
dimensioned cenventionally is rather involved, the
problem of tolerances, allowance, ehc. is scmewhat

SQUARE 0014
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complicated by the introduction of the trigonometric
relation betwsen the holes. Where the parts are
dimensioned by & locational tolerance system this
problem becomes quite simple. For axample, in the
design of parts to be held together by three or more
holts the sum of the loeatiomal tolerances equals the
allowsnce: specifically, if two parts have holes
1.010 min. dia, and are to be held by bolts of 1.000
dis, then the centers of the holes in each part may
vary .005 from the theoreticel center, or if the holes
in one part are held to say .003 then the holes in the
other part may vary .007, ete., regerdless of the
mmber of holes, or their relation to each other.

SAE AERONAUTICAL DRAFTING MANUAL

In Fig. 1 The pertinent dimenslons of a sample
part have been shown in confermance with the methods
outlined in the SAE Aeronautical Drafting Manual.

The practice of calling for “"holes equally spaced"

on a Bolt Cirels is used here for simplicity only, &
set of cowordinate dimensions for their location
would be reguired in meny pleces. The diemeter of the
Bolt Cirele in this drawing is merked "2.750 BASIC,"
which means exactly 2,750, with no variation allowed.
The term "equally spaced” will then locate the
theoretical cenbers of these holes with mo error. 0ld
timers are prons to give up at this point saying that
it is impessible to lecate anything with no error,
which is, of course, guite true. However 1f we read
the note carefully we should discover that "®each hole
within .002 of true position" gives us considersble
leeway in that it is only necessary to locate the
holes within that distanco of the thsoretical center;
in other words that theoretical cemter is the center
of a tolerance circle of .Q04 dia, and if we are
successful in loeating the holes in the part so that
their cenbers lie within these circles then the part
is acesptable and will function properly. It is not
perfectly clear in this instance whether the 2,750
circle should be concentric with the axis of the
part, or with some other physical feature of the
part. This problem is belng debated by the committes
responsible for this manual and it is very likely
that am sarly revision may contain a nobe such as
thig:--"each ohole located within .xxx of true posi-
tion relative to this die"™ (or other feature, as
epplicable ).

The Roman letters A, with or without accompery-
ing values, taken together with the typical note,
comtrol the trueness of some of the surfaces on the
part. Surfaces marked A {no accompanying value) may
be eccentric. .005 FIR. (Full Indicator Reading) as
indicated by the general note. The face of the “=r.
flange, being marked A.002, must be squere mnd true
within .002 FIR, while the pilot dismeter is allowed
an eccentrieity of only .0004 FIR. It may be noted
thet no. indication is made of the preferred dimension
in this system. All dimensions are given in the form
of 1limits and production is allowed to make a choice
of anything within those limits.

GLADMAN SYSTEM

Fig. 2 shows the same informetion as Fig., 1 ex-
pressed in terms of the Gladman proposal., This pro-
posal covers other items, such ms symbols for local
interchangeability, jig boring, etc., with which we

sre ot concerned. The nots calling oub the six holas
in the flange is much more brief then the SAR note. The
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symbol A over 2 inside the double cirecle is read as
Meach hole within 002 ¢f true position with respect to
detum surface &. Dotum surfmce A is idenbtified by the
A over 0 in the circle with the dumbell. Except for
the reference to a datum surface this is exactly the
seme &3 the SAE system, except thet the word BASIC is
omitted. Control of eccentricity, squereness, etec., is
indicated by the semé symbol. In case the datwm is the
axis, or some other feature mot carrylng e dimencsion
line it cen be indicated by the two smell clreles con-
nected by a straight line, thus: Y= _ The method
of ipdicating dimension and tolerance values ig & bit
involved. High snd low limit dimensions are shown pre-
ceded by the letters H and L and the interpretation is
exsotly the seme as our limit dimensiona, i.e. the shop
may choose any value between those limits. If eny di-
mension is given &s 2 beslc dimension preceded by H or
L, and followed by tolerance, then the basic dimension
given is preferred and should be held whenever possible.
For example, the low limit of the flange holes is given
as ,272, meaning that this is the dismeter wanted, but
that holes .01 larger would be accepted. This is &
feature usvally neglected in this counbry, and its value
is conmtroveraial. :

ORDNANCE MANUAL

Figure 3 shows the ssme part as Figs. 1 and 2
dimensicned according to the practices recommended by
(Continued on pags RG)
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. PROFESSOR WILLIAM E. STREET

Head of the Engineering Drawing Deparfment,
‘Agriculfural and Mechanical College of Texas

PREPARED for the regular descriptive geometry
courses ysually offered in the latter half of the fresh-
man or sophomore year. This text pravides a new
approach to the subject and develops the draffsman’s
method of treatment in obtaining size, shape and
position of every detail of structures and machines.

- Written in clear, concise, style employing use of

problems and illustrations compounded by men close
fo engineering companies.
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PROBLEM DIAGRAMS
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UMUSUAL FEATURES - Problems have been selecied to emphasize
principles of descriptive geometry, as applied to all branches of en-
gineering — Mefhods of solution have been correlated with industrial
drowing practices as set forth in oll standard textbacks an drawing
ond practices found in madern drofting rooms — Alf problems and
developments ore ¢lassified and developed by the three methods used
in industry of loying out flot patterns or developments for sheet meto!
work. These include the parailelline method, the rodiakline method
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(3) illustrations using successive auxiliary projection.
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(Continued from pege 15)

PICTORIAL DRAWING

by

Professor John T. Rule,
Me.ssachusetts Institute of Technology

There are two major objectives that determine the
form of a drawing. The Tirst of these is accurate
size and shape deséription involving scalability and
no possibility of amblguity. This demands a ons to
one correspondence between the three dimensional space
object and the two dimensional drawing surface,

_ Orthographic projection in two or more views
vields the required one to ome correspondence while
proper orientation of the views yields scalability of
svery desired dimension., Thus, this type of drawing
substentinlly achieves this first objective. It is,
consegquently, the most common form of engineering
drawing.

The secend major objective of e drawing is to ac-
hieve & pictoriaml correspondence to the space object,
that is, to oreate a visual image which shall be as
nearly as possible & duplicate of the visual image
created by the obJect itself., From the engineering
point of view such & drewing is particularly valuable
for explanatory purposes when dealing with non-
technieal persomnel suech as untrained assembly
workers.

Aetual photography most nearly echieves this
objective, A perspective drawing hes only this pur=
pose in view, It is consequently the best type if the
only objective is a meximum of visual correspondence
to the object. Thus, the architeet chooses perspec=-
tive when making e drawing of his proposed house.

We may now give a rather loose definition of a
pictorial drawing., Any drawing in which the chief ob-
jective is visual correspondence to the space object
is & "pietoriml drawing." Let us investigate the
various types in common use end snalyze the reasons
for their existence. There are two impertant objec-
tions to perspective drawing. First, it takes con-—
siderably longer to make & perspective than eny other
type of drewing. Second, a perspective drawing is
substantially an unscalable drawing., It is frequently
desirable to sacrifice some of the wisual corres-
pondence of perspective to obtain an incresse in spesd
and some degree of scalability.

Let's examine the problem of sealsbility. Con-
sider a straight line in spmce marked at various
points. If we are to make a projection that is to be
scalable, the ratiocs in which the line in space is
divided by the marks must be maintained in the pro-
Jjeetion.

This condition is not fulfilled in perspective.
In Fig. 1, if the space line APB 1s divided into the
gogpments & and b by the point T end projeoted
into A'P'B' the ratio a/b is not in gensral equal
to to a'/b'. We say, therefore, that in perspective,
ratic is not a projective invariant,

~ratio a/h will equal the ratio

F1G. 1

If, however, we project the line APE by perallel
projectors in amny direction whatever (Fig. 2) the
a'/b'. Thus, under
parallel projectlon ration is a projective invariant.
Consequently, the divisions of any line are scalable
in any parallel projection of the line, it being only
necessary to ¥now the size of the projected scale with
respect to the space scals. :

FIG. 2

Orthographic projestion is a particular form of
parallel projection. Furthermore, any oblique ortho-
grephic view of the ususl predominantly rectalinsar
object taken so that all three major dimensicns are
foreshortened gives a reasonablse visual correspondence
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to the object.

Suoh views are thus classified as
pictorial views.

They fall intc three classes:
trimetric, dimetric and isometric, depending onm
whether three scales, two.scales or one scale are

necessary to measure along the three principal direc~

tions.

Ceonsider the oubs of unit edge in Fig., 3, two
views of which are standard orthographic front and
top views,
direction and c¢btain an orthographic view looking in
thet direction, the three mutually perpendicular
edges will in general each be foreshorterned in a
different ratic.
to measurse in the three principal direction. 4 line
in eny other direction will also be scalable if it is
worth the trouble to determine the ratio of fore-
shortening for that direction.

e Fig. 3
TRIMETRIC
: - Hg WD
- _ ! * { + '
/ - —
\<
2
\ 2
[,
e. 2
-T ){,f o
| =)
L,,H "
potrre ] et
Such a drawing is & trimetric drawing, Various

orientations of the base cube yield various sets of
ratios., Groups of objects of roughly similar shapes
seem pletorially mest realistic with some favored set
of ratics. The scele for any direetion is egual to
the full scale multiplied by the cosine of the angle
the direction makes with the projection plane per-
pendicular to the line of sight.

If e fixed orientation is chosen, a set of three
secales set at three angles with the horigzontal cen he
constructed. Under such conditions trimetrie drew-
ings can he made very rapidly and are quite effective.

It is te be noted with all this clasa of
pictorial drawings, sines only ome view is used, the
drawirng is never completely unembigucus. For in-

stanoe, lines which appear as points are completely
unsoalable,

If we now reorient our line of sight so that it
makes squel angles with any two of the principal di-
ractions, two of our three scales become exactly
alike so that we meed only two scales as shown in Fig,
4. The width and depth are generally chosen to be

If we insert an arrow in a random oblique

Thus, three soales will be necessary

equel. This is & dimetric drawing.

It is subjeet to
the same limitations as trimetric,. ’

FI1G. 4
DIMET RIC
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If we now agsin reorient our arrow so that all
thres prinecipel directions meke equal emgles with it,
that is, if we make the arrow parallel to the long
diagonal of the cube, all three directions will be
equally foreshortsned and we will need only one scale
{about 81% full size) for all thres dimensions

(Fig. 5), This is obvicusly very convenient. Further-
more, as seen in Fig, b, if the height is set vertieal,
the other two dimensions make angles of 30° with the
horigontal. This is very convenient for T-Sguare and

triengles. Such & drewing is czlled an "isometric
projectiqn.,”
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Since the scales are all equal, it is customary
to use a full scale rather than 81%. In this case the

drawing is called an "isometric drawing."

Tsometrie drawings can be made very rapidly with-
out resorting to the process of obtaining an isometric
view from orthographic views by projection., Commer-
einlly iscmetric drawings mre the most common if all
forms of piectorial drawings.

In using parzllel projection to preserve ratio,
we do not need to confine ourselves to orthographic
projection but may preject et any angle with the pro-
jection plane that we may choose., This can yield goed
pictorial drawings, called oblique drawings.

Obligue drawings ere generally used where one
face of an object, (two dimensions} contains most of
the detail, the third dimension being unimportant.
Tha cbject can then be oriented so that this face is
parallel to the projection plane. Thus, regardless
of the angle chosen for the parallel projectors, this
face will remain ibs true size and shape in the re-
sultent drawing. The face may thus be scaled at full
size in amy directiom. The third dimension will, of
course, be scalable to another scale.

The most common form of oblique drawing uses
projectors such that lines perpendicular to the pro-
jection plane appeer at 459 tg the horizontal in the
drawing. The foreshortening of these lines might be
anything, Full scale or half scale is generally
arbitrarily chosen.

A COMMENTARY ON GRADING DRAWINGS

by

Dean J. Gerardi
University of Detreit

Then Professor MeWeill assipgned this tople to me,
I 4id my best to have it changed. 1 even went so far
es to tell him that all I had to say on The subject
could be said in two minutes and that this meeting
would be more interesting if he assigned the topic to
someons who was more scientifie inm his method of
approach, In reply to my letter, Professor MeNelll
assured that some members of the division would be
interested in non-scientific methods of grading papers,
that those who disagree would start s discussion, and
that all of us would prefit from the exchange of ideas.
Tharefore, I submit my ideas not for what they are
worth, bub to promote a discussion which will give the
younger teachers & few ideas to consider, before he
sets up a grading system of his own.

The subject of greding drawings has been well pre-
sented at some of our meetings. It has also been well
presented by contributors to the Bngineering Drawing
Journsl end I am sure that Prof. Kirkpatrick will pre-
sent some new ideas at our Wednesday meeting.

Most of these presentations have besn quite

scientific and based on much research and study.
Others have besn quite simple, as a matter of fact,
one institution devised a machine fer grading draw-
ings. T do not mean that this Is a poor way to grade
drawings, nor do I advocate this methed of grading
drawings, but tnis partleular drawing department had
thousands of drawings to grade daily and were forc=d
to desipgn a grading machine in self dsfense. Some
teachers use a check list for every problem sheeb,
each item to be checked is listed on this shest with a
varticular drawing. In scme ceses master sheets are
prepared. The master drawiig is made on transparent
material, placed over the stud:nts draying, the
student being penalized if his drawing does not egree
with the master sheet. There ars many other methods,
but I heve coms to the cornclusion that the method of
grading depends a great deal on many factors., 1 shall
mention a few:

1. The numnber of papers to be graded.

2, The practical and teaching experience cf the
instructor.

3, The practical and teaching experience of the
dirgetor of the department.

4, The character and personality of the teacher.

5, The value which the instructor or department
director places on the importance of enginesring draw-
ing in the engimsering profession.

Now, much oan be ssid about the effect of any of
these items on the method of grading drawings, and
since my time is limited, T should like to sxpand on
the last item I mentioned, namely the value which the
instructor places on the importance of engineering
drawing in the engineering profession.

As most of you kmow, the engineering college of
the University of Detroit is & ce-operative school.
That is, students go to school and to work at alternate
periods, The first two years of the five year program
are continuous end employment in industry begins in the
Junior year. A study of the reports which T get from
our industrial co-ordinator shows that 35% of our
students begin their engineering careers at the draft-
ing board. This mesns that normally spproximately 25C
students must be ready to accept jobs as draftsmen.
Obvicusly our drawing department is forced to attach a
great deal of importence to the subject of engineering
drawing not only becauss we must service the profes-
sional department, but because we must serve the in-
dustries who employ our studemnts.

Because of the large nuinber of students and be-
cause of constant serutiny of our students work by
chief drafismen and snginsers, we ars forced to grade
drawings according to values which the indugtries may
give to & drawing. In other words, if the completed
drawing which is submitted for a grade would be accept-
able to a chief draftsmen for employment purposes, then
the drawing would be given e grads of A or B. If the
submitted drawing shows that with some improvement the
student has possibilities of being hired, the grade on
the drawing would be a "C". If the submitted drawing
clearly indicates that the student would not be hired
it would be graded "F'.

(Continned on page 31}
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(Qontinued from page 29)

There is no doubt in my mind thet all of you have
had experience with students complaining about re-
ceiving low grades on thelr drawing., There is really
one way to satisfy the complaining student. Simply
ask him if he would show his work to a chief drefts-
man interviewing him for smployment. As scon as that
question is put to the sbudent, he realizes thet the
value of his work is practically zsro, and will agree
that the grade given was that which he deserved.

I do not want to give the lmpression that a stu-
dent passes or fails his drawing course on the basis
of the grades which are put on the drawing plates.
The final grade should be based not only on the stu-~
dent's drafting ability, but must also indicate the
student's knowledge of the work he hes put on peper.
Ws must not forget that we are training enginesrs,
not draftsmen, and in meny cases, I have given a stu-
dent a "B" grade in spite of the fact that his draw-
ings were mostly graded "C" and cccasiomal "F's. I
have alao failed students who had beautiful work but
gquizzes and examinations proved that the student had
no idea as to ths meening of the drawing he had pro-
duced,

1t may be interesting to tell you of one of the
rules which was adopted years ago in our drawing de-
partment. The rule mey be stated as follows: If &
drawing or a sketch is called for in a final exemina-
tion, and the student places a view oubt of projection,
the student fails the course, regardless of the grades
he sarned on his drewings or gulzazes throughout the
semestor. This is tough on the students, but some-
times a person has to be given a good kick in the
pants to be impressed by the importance and values of
accepted practices.

Although this criterie for grading papers sounds
simple, we must recognize the fact that the wvalidity
of the grade depends on the background end experience
of the instructor. If the instructor's experiemce has
been with draftsmen who were not interested in good
lettering, line work, placement of dimensions, etec.;
it stands to reason that he 1s geing Lo grade his
papers & lot differsnt than a feacher who has worked
under opposite sonditioms. Or if we consider the
teacher who has no experience as a draftsman, T am
aure that his estimate of the drawing's wvalue is
much different than that of a teacher with a variety
of experience.

The inexperiencsd teacher who wishes to employ the
system of grading I have proposed should not employ it
blindly, but should estimate the grades end perlodi-
cally consult the diraector of his department or with
some one in the department who is familiar with the
requirements of the industries.

In my opinion, the proof of the pudding is in the
eating, If industries who employ cur students to work
in drafting rooms are satisfied with the men we have
trained for them, then there can't be much wrong with
the grading system or the course of instruetion. On
the other hand, if the industries ars not satisfied
with the product of our efforts, let's not worry about
the grading system, but let us concern ocurselves with
the wealkness in our courses and do all we can to correct
them., A grading system to obtain desired results can
then be devised.

DEVELOFMENT OF STUDENTS ABTILITY TC THINK
AND ANATYZE TN SPACE

by

Professor F. M. Warner
University of Washington

One of the most important assets of a professional
engineer is his ability to think and analyze in three
dimensions. Some students who are just begimning their
engineering education have a natural ability along this
line and others have very little. A definite effort
must be made Lo develop this ability for all students
if we are to give them the best preparation possible
for an engineering career. The responsibility for
teaching visualization falls squarely on the shoulders
of drawing instructors bscause ocur subject deals en-
tirely with three-dimensional objects. Since the stu-
dent's first college contact with enginesring is
usually made through his drawing instructor, the degree
of succsss we attain in teaching visualization may be a
delermining factor in arrousing his intsrest and assur-
ing his ultimate success.

This degree of suecess atbtained in teaching is &
direct function of effort and logieal planning on our
part. I assume that all of us are willing and anxious
to put forth the maximm of effort. Therefore I em
going to discuss logical plamming by enumerating a few
of the methods which may be used to try to develop
ability to think and snalyze in space. I am listing
them in the approximate order I think they should be
given to & class. No one methed mentiomed will do a
complets job; but by trying one thing end then encther,
and by repetition, etc., the result may finally be ab-
tained.

1. The first fundamentel step is to teach the
proper relationship between orthographic views and
between the object itself and its views. This may be
done best by the use of folding planes with models or
by nctually making a simple thrs--view drawing and
then folding the views into their proper space
reletionship. Poth methods should be tried. From the
start this concentrates the student's thinking on the
object itself instead of on the flat drawing, which,
after all, is only some view of the object from a
particular direction. For the first few sesslons lot

‘of models should be used.

2. Prom the very first day emphasis should be made
of the fact that a plan view, for example, of an
example gives absolutely no idea of the height of that
object and very little ideam of its shape. Therefore
a second end sometimes a third view are required to
completely describe an object. Agein this focuses
attention on the object itself and what it must be like
as fixed by the views, We follow this up by showing a
set of models of six emtirely different cbjects but
which appear exectly alike in the side elevatiom. This
forces the student to think of each object at a time
as he proceeds to draw & third view of all six of them.

3., Completion-type problems are of great value in
the gradusl process of teaching viswalization because
’ {Continued on page 35)
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UNIT TESTS IN ENGINEERING

Ralph §. Paffenbarger,

The Educationsl Testing Serviece, 15 Amsterdam,
New York, Hew York,.wishes to ennounce that the series
of sixteen -Unit Tests 'in Engineering Drawing prepared
by the Committee on Advanced Credits, Drawing Division,
ASEE, headed by Professcr Ralph Paffenbarger, will be
ready for distribution on or about March 1, 1849,
These tests have been in preparation since April,
1547. Experimental work was completed last spring.

The Unit Tests will be available in the following
subjects:

Use of Imstruments and Applied Geomstry
Orthographic Projection I o
Orthographic Projection II
Orthographie Prejection III

Sections and Conventions

Auxiliary Views

Elementary Dimensioning

Screw Threeds snd Threadsd Fastenings
Advenced Dimensioning

Working Drawings

Tegometric Drawing

Cbligue Drawing

DRAWING READY MARCH 1, 1949
by

Ohic State University

Perspective Drawing

Charts, Grephs, and Diagrams
Intersectlions

Developed Surfaces

These tests can be used as guizzes, finel examina-
tions, or as informal teaching aids. They have been
designed also to bs used in the eswvaluation of the
proficiency of transfer studemts who are epplying for
advenced eredit,

All of the tests are completely objective in
form. Scoring stencils will be available,
Each of the tests has been set up in two parts,
folder of drawings and question sheetg. The folders
will be printed on heavy paper and mey bs used re-
peatedly for an indefinite period. Ths question
sheets may be used only onee. Specimen sets, ons
sach of the folders and gquestion sheets, will be
available at a probeble price of 42.00 for the com-
plete set., Prieces for the drawing folders and
question sheets in regular gquantities have not yet
been set.

(Continued
the given anpgles to the plane of the friangle, when
tolken in pairs, will intersect 1n three curves, the
common point of which is the vertex of the reguired
pyramid, In spaece, any peint on one of these curves
will be the common vertex of two right triengles hav-
ing o common vertical leg, with the hypotenuse of each
making a given angle to the plane of the given
triangle. Under these conditions The horizontal legs
of these two triangles will be in a constant ratio for
211 points on eny one curve. The top views of the
curves will, therefore, be dipolar eircles. Ths ratio
of the distances from the top views of ths ends of the
side of the given triangle to the top views of points
on the curve may be determined from the elevations in
which the sides of the given triangle show true longth,
by drawing lines, one from each end, at the given
anglas which the lateral edges of the pyramid meke
with the base and projecting their intersection onto
the sides in top view. The top wiew of this point
will be o Gop wiew of the point on the curve dirsctly
mbove the side of the given triangle. A second point
on the curve may be determined by striking ares from
the ends of the side of the given ftriangle the
lengths of which are in the ratic in which the side
has been divided. A line joining the point of inter-
section of these ares with the point found on the
side is & chord of the circle representing the curve
in the top view, A perpendicular bisector of this
chord will intersect the side of the given trisngle
extendsd et the center of the cirele. The three
cireles obtained by this method will intersect in
two common points either of which may be taken as the
vertex of the requirsd pyramid.

from page 2}

Construction: Divide each side of the trisngle ABC by
drawing lines in the elevations from the onds of each
side making the angles which the lateral edges are to
meke with the plene of the base and project their in-~
tersections onte the top view of the side. For
example, in the side elevation lines are drewn at 45°
end 507 with the bese from a; snd bj respectively. The
interssction of theee lines my is projected to m in
the top view thus dividing ab in the propsr ratio for
constructing the top view of the interssction of cones
with vertices at A and B which is a dipolar cirele of
which m is ome point. To locate the center of the
cirele thru m, first locate the point 3 on the circle
by striking srca from a and b with radii in the ratio
of bm to em. These radil mey be obtained from the

b m. b

—

am

A

line bym;x; in ths side view where X,y
perpendicular to the chord sm at its mid-point will
pass thru the center of the circle O on ab extended.
Similar constructions are made to locate The center

U on line be and T on line mc for cirelss passing thru
p end n respectively., The common points V and W in
which the three oircles interssct give two possible
positicns for the vertex of the pyramid. In this
construction the lateral edges sre represented by
lines from ¥V to a, b end ¢ in the top view. In the

elevations, Vl and VE are lecated by rotating the

laterel edges until parallel to the picture plane
of the view to determine their height above The
base,
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(Continued from page 31)

the object must definitely be visualized in order for
the student to draw its correct views. There are many
variations of thess problems, such as to £ill in a
missing line, to find an error and correct 1t, ete.
All of these are valuable and should be used. I have
e very simple methcd which challenges the student., T
put a pencil merk on ome of the views of his drawing
and ssk him to bore a hole through the object at that
point and tell me how long the hole would be, This
makes him think about that third dimension in space.

4, However, his moves. may be simply mechanical
and he still mey nob really pieture the object he has
representsd by visws, I would, therefore, introduce
sketching at this point, using isometric ruled paper.
This sketching mey be done free-hand or with a
triangle, but with no scale measuring. He can very
guickly draw sketches of the objects he has elready
drawn three views of . We find this to be a wonderful
help to the student and he is happy to see how real
that object is and that it really sppesars es his
three views® show,

5. The next emphasis should be pleced on reading
three-view drowings by using a system of numbering
pleced on the views, This is te find out whether the
student lkmows exectly what every line on each view
represents on the object and can locate it in anmy
other view.
solubely accurate mental picture of the object shown
by the three views. A series of these problems can be
made up sc they ars graded from simple to most diffi-
cult, We find them most valueble from the standpoint
of developing wisualizing ability. Students who get
low scores on the first problems will develop guickly
and often write the perfect smnswers for the later and

To snswer correctly he must have an ab-

hardar cnes.

6. The drawing of orthographic views of an object
given in sketeh form or even from the actuel object
itself is good practice. On the model the lines and
surfaces can gctually be seen and handled. The stu-
dent can actually logk at the obJect to see how 1t
would appear in sny view. This definitely directs at-
tention to the object.

7. The next method to use in teaching visueliza-
tion is the meking .of sectional views. Now the stu-
dent must not only wisualize the object but he must’
see exactly how it will look when cut in two. 1 sug-
gest that, for the first sectional view a student
draws, the instructor actually heve & model of theé
object which has been cut in helf by the section
plene and held together by dowel pins. After the
student has worked out the sectional view pull the
madel apart and let the student see the part which was
bohind the cutting plemne and check his own drawing of
it. - I believe this ome thing will temch visualizing
the object better than any amcount of talking.

8. The reading of numbsered views should be fol-
lowed up by prectice in reeding commercisl dreawings
cbtained from industry.
furnished to the student exactly as they were used on
a2 job. After all, the final purpose of cur effort in
teaching visualization is te train a student so he can
lock at a drewing on the job end very gquickly form &
mental picturs of the machine or struscture which is to
be built., We have quite a file of these drawings for
student use with mimecgraphed questioms to be answered
which will challenge the students ability to read and
vigualize.
tests but for study problems and feor discussion and
teaching purposes.

These drawings cen be

These drawings would not be used just for

9. An enbtire paper could be written on visual aid
meterial such as filmg, film strips and slides. There
is some excellent material awvailable, = list of which
has just been prepared by your Committee on Visual
Education. We use both films and slides end find them
very much worth while. However, as statsd before, any
one idea will not do & complete job. The best teach-
ing is done by the imstructor who tries everything he
can think of and repeats each idea many times, until
even the poorest student has learned to wvisuselize.

10, In the descriptive geometry part of the drawing
course I belisve the best way to teach how to think in
space is %o talk more about & line or a plans or an
object in space and less about the views. If a student
has two views of n line or a plans on his drawing, he
should be able instently to hold up his pencil or his
triangle exactly the way they lie in space., Descrip-
tive geometry is a combinetion of logicel reasoning and
visualizing ability, both of which must be taught. But
the logical reasoning can be applied more effectively
if the condition in space is clearly visualized.
Practically all of my teaching in this course is done,
not by working out problems om the board, -but by hold-
ing & pencil or e triengle up in the air. This keops
the sftudents mind off the peper and out into space
where I can get good discussicn and draw out thelr
logical reasoning, This is especially true in the use
of locus prineciples in solving problems. Our motta
could well be "Off the paper and out into spacs”,

In conclusion, there seems to be no one sure way
of teaching space thinking. Many of the methods I have
mentloned will be found helpful end I realize thoy are
not new, It is meinly by concentrating a students
attention on the object instead of the views, by using
models, pictures end slides, by giving much practice in
drawing views, sketches and sections, even at the risk
of overlapping or repsating, that we finally can say
that we really believe that we have taught our students
to think in space. At least, as teachers of drawing,
it 1s our responsibility to make the best effort we
know how to train the student whose fubture is in our
hands.
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importance of this universal language of the
engineering world? Have you been able to
convince them of the necessity of a firm grasp
of the fundamentals of this language? Are

there, perhaps, certain aspects of theory with

which they have particular difficulty?

McGraw-Hill Text-Films on Engineering Drawing

have been produced with the specific aims of helping Glance at the list of motion picture titles in this
the teacher to meet such difficuliies and of impressing series. We believe you will be convinced that McGraw-
on the student the importance of the subject. Hill Text-Films on Engineering Drawing will provide

complete subject matter coverage for your classes.

Film coverage was determined by a representative

group of Engineering Drawing teachers, who selected 1. Acecording to Plan—

the subjects most difficult for students in general. The An Introduction to Engineering Drawing
series consists of sound motion pictures and follow-up . Orthographic Projection
silent filmstrips, correlated directly with specific chap- . Auxiliary Views: Single Auxiliaries
ters of Engineering Drawing by Thomas E. French. . Auxiliary Views: Double Auxiliaries
When used in conjunction with the textbook, the films

provide a powerful visual stimulus which is reflected
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material.
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