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technical drawings look

pbetter, when you use the best

reform,

Reform pen sets offer wide-ranging capability with
maximum performance. Each comes in an affractive
high impact, cushioned plastic case, and provides
a bottle of professional quality drawing ink.

S~

™~

No. 173667 528.50
00,0, 1 Points

Drawing nk

No. 174667 53650 %
00, 0, 1. 2 Points
Drawing Ink .-

!
IxTIUUWL‘L
I
~ By WA |
[y i N
] !
/
| !
! ¢/
No. 178447 $59.50 | i
000,00.0,1,2,2.5,35Points ]
Drawing Ink . !

No, 20500 4
REFORMAT 7 =

refograpt

Technical
Pens

FOR DRAFTING, ENGINEERING & GRAPHIC ART SUPPLIES

Alvin presents the superlative new
technical drawing systern for Ameri-
can and Metric standards, offering
anunprecedented combination of

reliability and performance.
Refograph’s unique capillary
systemn provides consistent, re-

- T liable ink flow, permitting

quick starts, higher working
speed, and remarkable
drawing, drafting and let-
tering, even at angles
less than 80°. ts double
dry-seal system elimi-

- nates clogging, and
- shoulidered points
=) end smudges and

Ready v S

Supply r\
Modufe £

blobs with
straight edge or

System

Unique dou-
ble hermetic
seqal system
- keeps up to
8 pensrsady
for instont
use. Color
coded for
point widths.

$15.60

template. Avail-
able in 13 point
widths from 5x0 to &,
with stainless steel or
fungsten carbide peoints,

ALVIN & COMPANY, INC. Windsor, Connecticut 06095 « San Leandro, California 94577



This Boc
_an \

Geometric dimensioning and tolerancing
ensures maximum producibility of parts through
maximum production tolerances. It communi-
cates design dimensional and tolerance require-
ments clearly and specifically, which helps make
sure that they are carried out accurately. It max-
imizes uniformity and convenience in drawings,
which minimizes guesswork and mistakes. For
all these reasons, every engineer and technician
involved with drawings shouid have a working
knowledge of geometric tolerancing techniques.

Addison-Wesley has just published the most
up-to-date and comprehensive book available on
this subject — Geo-Metrics [l: The Application
of Geometric Tolerancing Techniques (Using
Customary Inch System) by Loweil W. Foster.

Geo-Metrics Il covers rules, symbology, appli-
cation, datums, and meaning of form, run-out,
and location tclerances. It conforms to the prin-
ciples of the most recent USA standard —
“Dimensicning and Tolerancing for Engineering
Drawings” (ANSI ¥14.5-1973}. It emphasizes
international methodology, as contained in ANSI
¥14.5-1973, to achieve maximum harmonization
of USA and iSO practices.

Geo-Metrics Il is based on Mr. Foster's widely
used and acclaimed texts Geo-Metric Dimen-
sioning and Tolerancing — A Working Guide
and Geo-Metrics. He has revised, expanded,
and updated material from them and added new
material. The ook is ideal for teaching, both in
the classroom and on the job, and it is also a
complete and handy reference.

Geo-Metrics B focuses on the need for clear
communication of engineering design require~
ments and for advantageous production and
inspection follow-through. I can mean significant
savings in time and money for you.

(01936) 296 pp. $13.95

if you would like to examine a complimentary
copy of Geo-#etrics Il for possible course
adoption, please write 1o us. Be sure fo include
your course title, enrollment, and text now in use.
This book is also available for a free ten day
exarmination.

I

Business and Professional Division
Addison-Wesley Publishing Company, Inc.
Reading, Massachusetts (1867
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For your courses in graphics

and design...

Engineering

Gr

THIRD EDITION

aphics

by the late FREDERICK E. GIESECKE, the late ALVA MITCHELL, and the late HENRY CECIL SPENCER,
IVAN LEROY HIILL, ROBERT OLIN LOVING, and JOHN THOMAS DYGDON

896 pp. (approx.) ISBN 0-02-342620-1

Engineering Graphbics combines technical drawing
and design with descriptive geometry and graphical
computation and has been revised in accordance
with current ANSI standards. The design function of
the engineer is stressed throughout the text to
compliment the current educational emphasis on
that area.

Engineering Graphbics is divided into three
parts—

Fart One introduces students to graphical language

Supplementing the text...

and design concepts, instrumental drawing, lett

geometric construction and sketching,

® An outstanding feature of this section is its er
phasis on technical sketching,

Part Two includes chapters on descriptive geomet

which have been thoroughly revised to be consiste

with the latest ANSI standards.

Fart Three contains chapters on graphs, alignme

charts, empirical equation, and graphical math

Matics,

Engineering Graphics Problems, series I, 3/

by the late HENRY CECIL SPENCER, I[VAN LEROY HILL, ROBERT OLIN LOVING,

and JOHN THOMAS DYGDON
The problem sheets provide coverage of the funda-

mentals of technical drawing and design, descriptive -

geometry, graphs, and graphical computation. The
problems shown are based upon actual industrial

design and are in accordance with America
National Standard Y14,

An Instructor’s Marnual with solutions to the worl
book problems is also available.




echnical Drawing

'ENTH EDITION

he late FREDERICK E. GIESECKE, the late AIVA MITCHELL, the late HENRY CECIL SPENCER,
{ LEROY HILL, Illinois Institute of Technology, and JOHN THOMAS DYGDON,

ais Institute of Technology
pp.  ISBN 0-02-342610-1

Seventh Edition, like its predecessors, offers the
rest and most up-to-date presentation of techni-
Arawing vet to be published.
jents are first introduced to graphical language
“design concepts, instrumental drawing, letter-
~geometric constructions, free-hand sketching
shape description, and multiview projection. All
s of engineering drawings follow, making Tech-
al Drawing a complete teaching unit. An abun-
ice of meticulous illustrations—over 1200—
ically depict the material. Many of these illustra-
15 are in step-by-step format to guide students in
development of design.
siures:

a wealth of problems

metric measure

an emphasis on technical sketching

a complete chapter on multiview drawing

an emphasis on the design function of the
engineer

-w to the Seventh Edition:

metric measure is usually introduced simul-
taneously with the customary units

extensive use of metric dimensioning in
illustrations

@ many problems (about 50%) are now in merric
measure

& metric tables have been added for fasteners,
threads, and drills

@ a revised chapter on electronic drawing

Technical Drawing Problems—

Three workbooks have been designed to supple-
ment Technical Drawing, Seventh Edition. They
effectively reinforce class lectures. The problems
offer a wide range of applications in engineering
drawing and graphics based on actual industrial
designs.

Series 1, in its Fifth Edition, contains adequate
coverage of decimal to metric dimensions. Empha-
sis is on freehand sketching with problems ranging
from simple to complex.

Series 2, now in its Fourth Edition, offers heavier
coverage of decimal to metric dimensions. The book
has many design layout problems.

Series 3, now in its Third Edition, presents a very
heavy concentration of metrics. It provides the nec-
essary foundations for conceptual design activities
needed in many technical courses,

An Instructor’s Manual is available for each of
the workbooks, gratis. It contains solutions and final
drawings for worksheets.

Also auailable... The new Fourth Edition of
DESCRIPTIVE GEOMETRY WORKSHEETS, Series B

By E.G. PARE, Washington State University, R.O. LOVING, Illinois Institute of Technology,

and 1. HILL, Illinois Institute of Tecnnology
160pp. PB

This workbook offers many practical applications of
descriptive geometry, most of which were

suggested by a variety of industrial concerns.

The Fourth Edition is completely metric and

AND—

Key to Descriptive Geometry Worksheets

This Key contains all of the problem solutions
for Descriptive Geometry Worksheets,

every problem is new. It contains innovative projects
that involve shade and shadows, and intersections
in isometric, oblique, and perspective pictorials.

Series B, Fourth Edition and is available upon adop-
tion of the main book.

Macmillan Publisbing Co., Inc.
866 THIRD AVENUE, NEW YORK, N.Y 10022
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the individual authors do not nec—
essarily reflect the editorial policy
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material published; hoewever, Tinal
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the author.
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The objectives of the JOURNAT are:
1. To publish articles of interest
to teachers and practitioners of Engin-
eéring Graphics, Computer Graphics
end subjects allied to fundamentals

of engineering.

2, To stimulate the preparation of
articles and papers on topics of in-
terest to its membership.

3. To encourage teachera of Graphics
%0 innovate on, experiment with, and
test apprpriate technigues and topica
to further improve quality of and
medernize instruetion and courses.

4. To ensourage research, davelop-
ment, and refinement of theory and
applications of engineering ‘graphics
for vnderstanding and practice.

[EADLINES FOR AUTHORS AND ADYERTISERS

The follewing deadlines for the sub-
migsion of articles, anncuncements,
or advertising for the three issues
of thae JOURNAL are:

Fall . . . . . ., . . September 15
Winter . . . . . . . December 1
Spring . . . . . . ., February 15
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STYLE GUIDE FOR JOURNAL Al THORS

The Editor welcomes articles aubmit-
ted for publication in the JOURNAT,. The
foliowing is an author style gulde for
the benefit of anyone wishing to confri-
bute material to the ENGINEERING DESIGN
GRAFHICE JOURNAL. In prder to save
time, expedite the mechanics of publi-
cation, and aveid confusion, please
adhere 4o these guidelines.

1. 411 copy is to be typed, double-
spaced, on one side only, on white
paper, using a black ribbon,

2. A11 pages of the manuseript are
te be consscutively mumbered,

3. Two copies of each manugeript
are required,

4. Refer to all graphs, diagrans,
vhetographs,  ar illustrations in your
text as Figure 1, Figure 2, eteg.

Be sure fo identify all material
accordingly, either on the front or
back of each.

Illustrations cannot be redrawn: they
are_reproduced directly from Submitted
material and will bBe reduced to FiT

the solummar page.

Aecordingly, be sure all lines are
sharply drawn, all notations are le-
gible, reproduction black is used through-
out, and that everything is clesn and
unfolded, Do not submit illustrations
Targer than 193 x 280 mm., Tf necegsary,
make 198 x 280 or smallsr Fhotocopies
for submission.

5. Submit a recent photograph (heed
to chest) showing youT netural pasie,
Nake sure your name and sddress is on
the reverse side. Photographs, alo
with other gubmitted meterial carmot

be returned, urlesg postage is prepaid,

6. Please make all changes in your
menuseript prior to submitting it.,
Cheéck carefully apelling, atmcture,
and clarify te avoid ambiguity and
maxinize continuity of theught. Proaf-
reading will be dohs by the editorial
staff. Galley proofs cannet be gub-
mitted §0 auihors for review.

7+ Enclose all material unfolded in
a large size envelope. Use heavy card-
board te prevent bending,

8, A1l articles shall be written
using Metric-SI units. ¢ommon mea~
surements are permissible only at the
discretion of the editerial staff,.

9. Send all material, in one mailing
toy
Mary A. Jasper, Editor
P.0. Drawer HT
Mi=g, State Tniversity
Miss. State, IS 39762

REYIEW OF ARTICLES

Al artieles sudmitted will be re-
viewsd by several authorities in the
field associated with the content of
each paper before acceptance. Cur-
rent newsworty items will not be
reviewed in this manner, but will be
scoepted at the discretion of the
editors.

NOTE: The editor, although responsible
for copy as it is published, hegs for-
giveness Tor all typographical mistakes,
mig-gpelled words and eny goofs in general.
Typing is done mostly by non-professional
word processors who either are still in
high school or are not trained in profes-
sional word processing. Thank you for
your patience.
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EDITOR'S PAGE

MARY A. JASPER

EDITOR, EDG JOURNAL
MISSISSIPPI STATE UNIVERSITY

It is certain that the reader can-
not fail to notice the "image"reproduced
in the upper right hand corner of this
page, Credit for the idea must be given
to the artist who creates the comic
strip "Shoe"; only the name, "Shee” {pro-
nounced "Shee-ee-eee!"), has been changed
to protect the editor.

LE R S b 0 Ly T

The cover, also, is the original work
of John Jensen, Marquette University, who
kindly offered his services and idea for
this issue. Jensen's statement concer-
ning the evolution of this cover will
be of interest to all of our readers,
and it is gquoted as follows:

"As I was trying to decide what to
do, many ideas went through my mind.
Most of those ideas related to how
complex and impressive a thing I
could produce. Then I began to
ponder over what is computer gra-
phics? {Most of us are still stuck
on this one queetion.-Ed,) and

howis it significant enough to be

on a journal cover? lLate one eve-
ning it ecame to me! Suddenly com-
plexity was not the key but simpli-
city was. I can recall being affected
by an excellent article written by
Dr. Charles Newlin in the Spring
1979 issue of the ED§ Journsl., In
that article, among other Things,

he discussed computer graphics and
the misconception about the decreased
need for training in graphics. On
page 21 he stated; 'The advent of
computer graphics has simplified. the
engineers' work because it elimi-
nates the need to make the mental
conversion from mumbers to graphies.'’

"Therefore, my design includes a
cover completely covered with numbers
generated by a graphics file, Prin-
ted over the top of the numbers 4is

a simple ring generated and animated
using MOVIE.BYU - signifying the vi-
sualization of those numbers,»

Jensen's article on the use of com-
puter graphics and computer aided in-
struction alsc appears in this issue.

oo R R R

The theme of the midyear meeting
could have been "Gomputer Graphics", as
nearly all of the presentations had to
de the this "fair-haired" cffspring of
engineering science, or engineering
technology -- choose the one for the
side of the fence on which you sit.

6 / ENGINEERING DESIGN GRAPHICS JOURNAL  Winter 1981
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(with gpologies to SHOE )

'Most every college, university,
technical institute, junior college,
trade-school and day care center is
either "into" computer graphics or
wishes for the great "equipment fairy"
to leave some CFUJ's, CRT's, digitizers,
line printers, plotters (etc.) under
their pillows at night. Almost all of
us are aware that equipment does cost
money, and@ unless proposals are written
the "equipment falry" doesn't come.
Some of you will see the analogy here
of "pulling eye teeth",

Therefore, most of this issue is
devoted to CG, as is evident from the
table of contents on the preceding
page. The last two articles in the
section by Mosillo and Dedong could
be taken as "point/counter-point®
fare; this is not to say that Mosillo
is not for teaching traditional methods
of visualization, or DeJong is a pro-
ponent of a massive "short-out"” in =all
CG equipment, but I believe that both
gides of the issue are presented in
a readable and articulate manner and
that the reader will enjoy these two
points of view.

3 3 R A R

Coming up in the next issue will
be results of the midyear meeting survey
conducted by Pete Miller, Larry Goss'
Oppenheimer Award winning presentation
on consulting in Graphics, and another
vGestalt"-type graphics masterpeice from
our good friend Reinhard Lehnert in
West Germany. Add to these some exer-
ciges in Descriptive Ceometry from Land
and Rotenberg, the second article in
the series by Raethe on graphical solu-
tions in structural analysis, and some
other studies in Graphical Methodology,
the Spring issue of Volume 45 should
be something for all of us to look for-
ward to. .
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» CHAIRMAN'S PAGE

| “REGISTER OR PERISH?!?”

Your able editor informs me that elsewhere

in this issue you will find a short article

sans 1llustrations - based on my paper at

Williamsburg, arguing against computer

graphics as a panacea for graphies' ills,

a position which may seem futile in view

. of developments around the country. Maybe
I should re-read Don Quixote.

At that Williamshurg conference, the Division
voted to endorse and seek the support of
NSPE for a statement that graphical compet-
ence is requisite to the practice of engi-

4 neering. You would surely agree with that,
but the question of NSPE's support brings
to mind the other question of professional
registration, Since I have a tendency to
joust with steamrollers, I feel compelled
to address this one.

As you may know, Iowa has a landmark recer-
tification law requiring professional dev-
elopment to maintain onme's license. As a
part of the anmnual report, one's time spent
in practice must be reported; teaching is
considered "practice" for the purpcses of
license renewal.

The law clearly requires that an engineer
must be licensed to practice for the general
public - which we do, and are so credited,
but registration is not required of us. If

. we don't practice for (and on) the publiec,
no one does!

Deans generally resist the move to mandatory

» reglstration, which is understandable:
anything of a mandatory nature is frowned
upon in academia. Professors too, often
resist registration, but on the basis that
there is no competency review. This argu-
ment doesn't hold water, because there was
never a provision for recall or refusal to
renew a Ph.D. either. I have always had a

% PSP ‘uo_:f_m_r(E 93_1740.:5 ungaG gu;uaau.agu'? % PSP ‘uozF?n?@

ENGINEERING DESIGN GRAPHICS JOURNAL

PAUL 5. DE JONG

DEPT. OF FRESHMAN ENGINEERING
TOWA STATE UNIVERSITY

AMES, IA

visceral feeling that those using this
argument are trying to conceal a lack of
faith in their own "field" experience,
having proceeded directly to the doctorate
and into research/teaching. They also under-
estimate themselves.

With conditions as they are today, I am con-
cerned that many state legislatures, casting
about in search of ways - good or bad - to
economize, may sieze upon this contradition
and use it to our great disadvantage. More-
over, sooner or later some public-minded
individual or organization will - and pro-
bably should - press registration upon us,
regardless of their cause.

When that day comes, will you be ready?
A growing number are, but it may well be
that the survival of engineering schools
will depend on our ability to poipt.to
our faculties as 100 percent qualified,
as are the faculties of medical and law
schools today. If it were not for those
qualifications, and corresponding salary
schedules, their staffs would leave for
greener pastures immediately. That day
may not be far off for us, either.

'? % L?L?S-ﬁ/' ‘uo_w_m.rq; F:r_:7dv;5 uﬁ_ﬂ:‘a@? 5:;_14331;.1514‘? % L?‘?Sp,- ‘uo]F]ﬂ]G

ore about it at USC in June.

U422 UY 6

*

Paul 5. DedJong,
Chair
EDGD

£2 .nld'mvﬁ uﬁ_:paq: 6
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ENGINEERING DESIGN GRAPHICS DIVISION

Photographs by Margaret Eller
and Larry Goss

The Group Picture of Participants and
Spouses (Spice?), courtesy of L. Goss
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Program Chairman for the meeting, Jon

Host for the Midyear Meeting "Bud" Devins
{"Yon") Duff with opening remarks.

Welcomes the Group.

The Executive Committee Executes!

s« At the "Digs"
A portion of the archaelogical ex-
ploration at Williamsburg to uncover
the firat insane asylum in the "New
World". An exercise in Solid Geometry.
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Business at the Business Tuncheon ...
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iarry Goss, winner of the Oppenheimer
award for his paper “Consulting in Graph-
jos - Cood for the Instructor and Good

for the Student" accepting the check from
Klaus Kroner

Tuncheon with the Ladies ...
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Between the Sesgsicns ...
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COMPUTER GRAPHICS IN FRESHMAN

ENGINEERING PROGRAMS
——When, Where, How, & How Much??

Daniei L. Ryan
Clemson University
Clemson, South Carolina

SUMMARY

Computer-aided engineering graphics has been
incorporated into a second three-semester-hour
course which takes the first year student beyond
the first course on engineering graphics. The com-
puterized graphical procedures, which are most use-
ful to the engineering student, are presented in a
simpiified language. Numerous examples are taken
from mechanical, electrical, and civil engineering.
The guiding principle of the course is application:
automated design methods and hardware consideration
are presented. The course gives ample coverage to
the frequently encountered type of problem that nesc-
essitates a combination of automated and manual sol-
ution methods. Moreover, emphasis is given to the
existing automated and computer-aided graphics pro-
grams rather than tc the procedures for writing new
ones. At the same time, however, the computeriza-
tion of several heretofcre manual methods are
pioneered in this course.

INTRODUCTION TO FRESHMEN?

A lot has been written about the computer and
its role in traditional freshman engineering pro-
grams across the country -- now some fool wants to
include computer graphics for freshmen, you ask!
Yes, that is what the man said, "Human beings are
smart, creative and siow, while the computer is
stupid, uncreative and very fast," says the writer
in chapter 1 of his new hook Computer-aided Graphics
and Design. The challenge is to take advantage of
the strengths of each, to improve the efficiency of
both.

Therefore, computer-aided engineering graphics
should definitely be introduced during the, freshman
year, ldeally a two course 2{1,3) sequence should
be provided. The first course should include up to
12 units of study for a semester. Eleven should
contain modern engineering graphics concepts taught
with current industrial practices and equipment.

The 12th unit should be an introduction to ''computer
graphic''. Any engineer or designer -- whether of
machine parts, highways, or electrical systems --
knows what it is like to re-draw an entire set of
plans because of design modifications. Computer
graphics can take a iot of the drudgery out of such
work, but computer graphics is also changing and
improving the design process itself, often in very
subtle ways. )

At Clemson and many other colleges this course
is taken concurrently with a programming language
course. The first course should contain as little
programming as possible. The second course 2(1,3}
dealing with computer graphics should merge topics
like descriptive geometry with an introductory
statics approach using computer graphics cutput in
problem solutions. Graphics programming techniques
should be part of this course.

COURSE OR COURSES?

During the last year or two a renewed energetic
discussion has grown up around the need for a single
course or a sequence of courses to best intreduce
interactive computer graphics for CAD/CAM. To some
this has meant, ""Let the human do the design and the
computer will carry out the graphies'',with the tacit
assumption that somehow this could be done by some
other courses usually not specified.

These other courses, clearly begin at the fresh
man level. An ideal approach would be the two just
outlined followed by:

3. separate 3 credit course at 300 or 400, and
L., design course using computer graphics.
The interactive graphics taught at Clemson contain
the above four courses plus one graduate course in
computer graphics fer electrical engineers.

copyright (¢) D. Ryan, 198¢
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At the freshman level, a sucessful course will
begin with familiar topics and progress to the ab-
stract computer applications. Most of us here rem-
ember the chapters on creative design in most engin-
eering graphics textbooks which outline; "“Students,
it you will state your probiem clearly, we will
organize it quickly and give you the answer inexpen-
sively.'" The trouble of course is very few ''real
world” problems are stated that clearly. We need to
use a computer in this early formulative stage as
‘well as in the solution stage of a design. The aim
of freshman engineering/computer-aided graphics and
design is to relieve this open-ended and difficult
situation by putting the user in close touch with
the computer. By providing the student with a tool
{computer) and language which is natural to his set
of problems, perhaps we can avoid this detailed
statement of the design problem -- at least we might
delay the questions until the student has developed
a partial solution.

WHAT KIND OF HARDWARE |5 USED?

This type of course can bhe implemented by an
on-line typewriter and a fairly fast computer. How~
ever, the impact of such a limited hardware set is
fairly low. To appreciate more dramatically how
the above course principles can have far reaching

effects on engineering education, consider a student
with a CRT, He/she has a light pen to use as a |/C
writing tool, a peinting or selecting medium and a
keyboard to insert alphanumeric information. By
coupling a graphic capability of a human to a mach~
ine like a computer, a whole host of applications
can be considered.

A freshman engineering student is a prime case
of a user who often wants to deal with graphics. The
problem of using computer hardware in this field has
been limited by two basic short comings in our com-
puter technology.

1. Graphics . engineering drawings are the
worst case.... is a language all of its own. Trans-
lating graphics into a computer language by hand is
tedious, error prone, time consuming, and normally
more difficult than creating the original drawings.

2, Translation of a concept from the design-
er's mind into graphics 1s complex. it is a series
of intricate steps which eventually converge as a
designer brings many individual and sometimes unre-
lated ideas into the Tinal design.
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At Clemson University this hardware/software
development work has been carried out under the
title “CUPID*. At Control Data Corp. a similar Sys-
tem was developed called "digigraphics' and at the
Lockheed Corp. a ''CADAM' system is used. All of the
above hardware systems provide capability such that:

1. The student deals directly in graphic
language rather than in an artifical coding langu-
age normally associated with computer-based auto-
mated devices. The user is not a programmer; he/she
is a student designer, engineer, or draftsman. This
type of system provides a highly automated tool to
permit him/her to work faster, more accurately, and
more economically.

2. The student using this system proceeds
with the design as always. Now, however, each time
a step is taken, the system allows evaluation of the
resuit in relation tc what has gone on before.

A good hardware system will also accept graph-
ic data directly. The student enters the data with
a pencil-tike electronic pen and tablet. To the
student, it appears as if the pen is actually writ-
ing on the face of the CRT when the pen is brought
in contact with the surface of the graphics tablet.
Actually, the pen and tablet are giving instruction
to the computer, which in turn, is creating a data
sequence causing the tube to respond graphically.
The computer immediately produces a precise picture
of what it understood the student to mean.

Since these graphic representations are i{mmed-
iately avaitable in mathematical digital form, this
data can be used by several different types of per-
ipherial equipment. Such equipment includes micro-
film devices, storage and retrieval devices, plot-
ters, printer/plotters, and remote monitors.

SOFTWARE/F [RMWARE PACKAGES

The discussion to this point has concerned
courses and hardware. Little has been said about
computer programs, or software ... the sequence of
instructions necessary to logically direci the hard-
ware performance on a FORTRAN or BASIC format. An
earlier ASEE-EDG mid-winter paper entitled "Pictor-
ial Image Display from Computer Database" and pre-
sented at Mississippi State University contains
CUPID software iistings.

At the freshman Tevel software may be placed
as firmware. Firmwares provides the programming
instructions (on micro-processor chips} to accept
data created by the student {(lines, circles, curve,
and alphanumerics) and trapslate this data auto-
matically into digital form. This form is compact
and similar to that used in analytical geometry.
For example:

1. A line is stored as coordinates of
its end points,

2. Acircle is a center and radius,

3. A curve is an origin point and the
three censtants for a conic equation. Other met-
hods of teaching will work, the important thing is
that computer graphics be included using one of the
methods. If graphics instructors, or engineering
professers for that matter, are not including com-
puter applications in their courses, they are doing
the student an injustice. Field trips to industry
painfully point out that computer processing is a
fact of 1ife. We should stop using the excuse that
no standards or methods for implementation exist
and start developing some. The excuse that com~
puters are expensive is really feeble; most col-
leges and universities have all the hardware needed
for a freshamn level course. The truth is that
many of us are afraid to try something new.



WHAT TQPICS SHOULD BE COVERED?

The topics of computer graphics are almost
endless depending upon the instructors background
and area of specialty. For example, an engineer
with undergraduate training in Mechanical, Elec-
trical, Chemical, Ceramic, Industrial, or Civil;
teaching a beginning graphics course will cover
the basic construction concepts and then present
multiview drawings, et al from that specialty. |
see no difference in a computer based graphics
course} there are still the basics of graphics
construction, followed by the basics of compputer
operation, followed by application drawings.

Let us all remember that graphics is graphics

and that is never going to change -- but the met-
hods for producing graphics has already changed in
most industries. It is time to catch up again!

PHOTO CREDITS- Tektronix, Inc.
Information Display Division.
For more information, please con-
tact:

Melissa Waggener (503) 682-3411

John F. Xadel (503) 644-0161
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GRAPHIC COMMUNICATION
CHALLENGES OF THE SPACE AGE

HERBERT H. GERNANDT
JET FPROPULSION LABURATORY
PASADENA, CA 91109

PROLOGUE

When I was asked to give this paper
I had visions of bringing you the very
lates in the solution of graphics problems
found in space research. However, much
to my dismay, most of the material T
am going to present is "old stuffr--
concepts in the presentation of ideas
on paper -- that were developed 15 to
20 years ago. The present economic
environment in which we now exist
stipulates that greater risks be taken
in the possible failure of hardware
during a mission, therefore, the need
Tor “as lauched" drawings of such things
as cable routing, etc., ceased to exist.
So, as you watch the plctures of Saturn,
sent by Voyager, on the TV screen, you
can rest assured the material you are
teaching in graphic communication, though
polished and honed for a particular need,
is still viable.

Copyright @ H. Cernandt, 1982
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GRAPHTC COMMUNICATION CHALLENGES IN
THE SPACE AGE

Ag in the engineering of any modern
complex machine, many kinds of drawings
are prepared in the design of a space-
craft. The vast majority of these are
probably of the same format and text
used in other industries.

My entire career has been in the
aerospace field, so I am at a disad-
vantage to compars the drawings we
prepare to the drawings of other fields
of endeavour,

Some things to kesp in mind as the
fellowing drawings are discussed are:

a) The production requiremesnt for
gpacecraft is one or two units, so the
parts comprising a spacecraft are not
necessarily designed for mass production
techniques.



p) JPL supports industry and does
not compete with it. When we prepare
2 fabrication drawing, the draftsman
or engineer has no idea where this part
will be fabricated, so extreme care has
to be taken to insure the drawing will
be ccmplete and free of error in every
aspect.

e¢) We are now working with various
organizations in Eurcpe which could
conceivably add to our communication
problem. One example I have come across
recently is European 1st angle projection,
but not true 1st angle projection, for
when the views on a print were put to-
gether as 3rd angle projection, the
drawing was easily read.

The examples chosen for thls paper
were those that may be unique in design
or drafting technique.

I. GRAPHIGC COMMUNICATION QF NECESSITY

Graphic communication of necessity,
of course, includes the vast array of
fabrication drawings:

Detail Part drawings

Standard Part drawings
Nuts, bolts,washers, electronic
parts, etc.

Assembly drawings

Installation drawings

Tayout drawings, which define the
parameters of all the component
parts of a device or unit

and, let us not forget

Plumbing and Electrical schematic
diagrams

Printed circuit layouts

Etc.

Design Solution: Provide attachment
points in the plane of the cylindrical
portion of the tank.

Drafting Solution:

into the basic structure to permit in-

Failr attachment tabs

ereased tank wall thickness without in-
ducing local bending moments. This can
readily be seen in detail F, sections
R-R, S-8, T-T, etc. One theme that is
consistant throughout drawings, is
attention to detail. As was mentioned
previously, we are very conscious of
mass. Twenty years ago we were Con-
cerned about grams in 2 8.1 kilcgram
payload. Today we are Jjust as concerned
about Kilograms in a 2,500 kilogram
spacecraft, Reliability is another con-
cern which also dictates attention to
detail.

The Tirst example of a fabrication
drawing is a propellant tank for the
Voyager spacecraft.

The Problem: "How to support the tank
and minimire the added weight?"
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The drawings of the the upper fittings
for the gpacecraft adapter structure are
not unique, but quite complex, requiring
a vast amount of descriptive geometry.

This is part of the primary struc-
ture between the spacecraft and the
launch vehicle, Four of these fittings
carry the launch loads of the gpacecraft.

The Problem: "Define ‘the part for the
optimization of the fabrication proce-
dures.

Solution: A team consisting of machinist
and a design engineer worked together

in the generation of this drawing, and in
so doing produced this prototype part.

A tape was then produced, from the draw-
ing, from which the flight hardware was
fabricated, in Wisconsin, without any
problems.

These drawings represent the next
assembly of the fitting showing its use

on the adapter truss.

Some of these

drawings could be used as descriptive
geometry problems by translating some
of the dimensions shown.
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Ultraviclet Spectrometer Assembly with
Interface Control Drawing

An Interface control drawing may be
out of the ordinary for scme of you.
The function of this drawing is to
provide the JPL cognizant engineer and
the vendor {of a commerciai product or
and instrument provided by a University
or other laboratory) with the following
data:

a) The geometric envelope of the
gubsystem or part.

b) Mass.

¢} Products of inertia.

4) List functional, design, and
other pertinent specifications.

e) Known mechanical fasteners,

type, size and location.
£} EKnown electrical cornnectors,
type and lcocation.
g) Hydraulic reguirements, if any.
h) Thermszl control requirements.
i) Anything else not covered above.

It is to be noted here, that all of
these parameters are subject to nego-
tiation by both parties. In addition,
this type of drawing may get Iinternational
distribution as some of ocur scientific
instruments come from England, France,
West Germany, and Japan.

The next two drawings are interface
control drawings of the Rocket Engine
Assenmbly 300 1b. Thrust.
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IT. GRAPHIC COMMUNTCATIONS OF CONVIENCE

Graphic communications of cénvience
are those drawings which are prepared to
fill a unique requirement, at least
unique to us at JFL. Three examples of
this type of drawing will be discussed.

Cable, Forward Structure, Installation

In the past we had a series of flights
on the same mission, 1.e., lunar explo-
ration, such as the Ranger series and the
Surveyor series. BSmall production runs
made 1t possible to realize savings by
photographing a prototype to produce
documentation of cabling runs, plumbing
runs, temperature control blankets,
paint patterns, ebc. Photc assembly
drawings were prepared by mounting the
negatives of photographs in the drawing
format and the appropriate callouts
were applied in the ncrmal manner.

Shown is a Ranger cable installation.
This type of drawing is alsc used
extensively on our deep space net to
record changes made to electronic
assemblies.

Gimbal Actuator Assembly
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Another type of convience drawing,
that I'm sure ig familiar to most
Engineering Graphics teachers, 1s the
exploded pictorial drawing. Thése
drawing of a Gimbal Actuator Assem-
bly use this technique as well as a
gear train schematic and a wiring
diagram.

Sample Drawing Computer Rotation

A few years agce we acquired our
first pieces of computer aided design
equipment; by today's standards, these
were quite primative, but a start,

In order to demonstrate our capability,
this drawing of a rocket meotor fitting
asgembly was prepared. Many times

during the machining of a part, the
shop needs a view not provided on the
drawing. These zdded views frequently
require several days of descriptive
geometry development to provide the
required information.

When the basic information des-
cribing a part has been digitized on
the computer, additional views can be
provided within minutes.,



In space we have no left or right,
up or down to use for reference, even
on three axis stabalized spacecraft.
So, a navigation system of clock and
cone have been devised. In order to
do this the spacecraft is oriented on
a Sun/Earth/Reference Star. system.

So, the Sun/Farth axis is the cone
system, sun orientation is 0° cone,
Farth orientation is 180° cone. The
Reference Star is 00 clock and rota-
ting in a clockwise direction, while
looking in the earth direction, defines
advancing clock positions.

The fitting shown in the center of
the figure is therefore the top view;
the eight identical figures on the
outside are merely rotated 459 in clock,
180° in cone, and show the bottom view
of the fitting.

ITII. QRAPHIC COMMUNICATION FOR

PRCMOTICN

Galileo 84 Baseline Pictorial

Pictorial Drawings, i.e., isometric,
trimetric, etc.,, are prepared during
the development of a spacecraft. This
type of drawing is really a "sales"
drawing as it assists a person making
a presentation, be it to company offi-
cers or others, all the way up through
NASA Headguarters and Congress, by
showing the proposed product in three
dimensions for esasy visualization.

Pictorial Drawings can alsc be
used in reports, manuals, specifications,
ete. -- even on the covers of engineering
text books.

IV. GRAPHIC COMMUNICATIONS OF THE FUTURE

Up to this point, this paper has been
devoted to the traditional methods of
developing graphic communications, with
a few "glmmicks" to improve efficiency
or provide an expedience in the interest
of time. We must, however, address
the future.

The design section has been involved
in computer aided design for several
years as was illustrated by a previous
section of this paper. But, this year,
a significant improvement has been
made by the acquisition and installa-
tion of a Computervision Designer System.
Our new equipment provides for three
design stations and more are being planned
for the future.

Although I am not a computer expert,
I would like to describe our new equip-
ment. Any questions which you may have
may be addressed to me (see complete
address at the end of this paper) znd
I will forward them to the appropriate
people on our staff for reply.

DESIGNER SYSTEM

The heart of the graphics system is
called CADDS - Computer Aided Design
and Drafting System. This is a multi-
application software system for mechani-
cal, electrical, piping, wire diagrams,
ete. Also, a programming language is
included in the CADDS package. This
processor, called PEP (Parametric
Element Processor) allows the creatlon
and editing of engineering design data,
in a parametric sense.

The use of the Graphics equipment
is English orented and does not require
the knowledge of software and/or pro-
gramming. This package i3 designed for
a draftsman or design engineer to gene-
rate layouts and prcduction drawings in
engineering designs.

As presently set up in our sectlon,
a design station consists of the fol-
lowing equipment: a design console, a
tele-display, and a design pen and
tablet.
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COMPUTER

The computer is the workhorse of the
graphics system. All interface and
software number crunching is done on
the central processing unit (CPU).

The CPU is a 16-bit mini computer ca-
pable of handiing multiple interactive
users and background tasks.

MAGNETIC TAPE STORAGE UNIT

The mag tape is the bazmic input/out-
put (1/0) device in a graphics system,
A1l software is loaded via the mag tape.
Parts, designs, or any data, created on
the graphics system are stored on the
mag tape for archival storage.

DISC STORAGE UNIT

The disc storage unit is usged as
the resident storage place for all soft-
ware and data created by the system.
Because of the quick access capability
¢f the high speed disc, this unit lends
itself well for an on-line gtorage for
the graphics system. Multiple discs can
be used for more space.

Current Storage Capacity: 80 million
bytes {(Characters).

Future Plan: 300 million bytes.

DESIGN CONSOLE
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The design console features a 19
inchk (diagonal) CRT and a work station
to provide space for the ancilliary
equipment.

TELEWRITER

The telewriter is used to enter
ommands, text and display general in-
formation, system prompts and error
messages, and provides an permanent
record of communication with the
system.

THE CRT DESIGN STATICN

The CRT design station is an in-
teractive design station that allows
the user to see his graphic data on a
CRT screen. This allows creation and
editing capability on designs that
can be seen on the screen. The user
can see 2-D and 3-D data in multiple
views to aid him in designing his parts.
The most popular function of the CRT
station is design and editing.

STAND-ALONE DIGITIZER

The stand-alcne digitizer is de-
signed to input already existing draw-
ings to the graphics system. The user
can digitize the data and then send the
completed work to a background plotter.
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FEN PLOTTERS

Stand-alone pen plotters can be used
to generate ink plots on paper. The
user can use vellum or Mylar IM pagpers.
The ink can be ballpoint, felt, or wet
ink., The advantage of this type plot-
ter is the accuracy and guality with
reasonable speed.

Maximum axial speed: 30 in/second
Resolution: ©.0005 in.

SIMULTANEOUS 2D/3D DATABASE

Part of the software provided
with the Graphics system at JFPL, the
gimultaneous 2D/3D database gives true
3-D capability -- not just a "wire-cage"
drawing as a pietorial. The geometry
presented 18 a true model, not Jjust a
representation, and both 2-D and 3-D
goftware can be used simultaneously,
which eliminates the necessity for
disc "switching".

DICITIZER/PLOTTER

The digitizer plotter (JPL does not
have one} combines the input digitizing
with output plotting on one station. As
the user digitizes the data, an instant
p}otback capability is available to eli-
minate blind digitizing. Four-pen capa-
Dility allows mualti-color with ball point,
felt, or wet ink type pens.

IF I CAN BE OF ANY ASSISTANCE SUCH AS COPIES OF
DRAWINGS, SHOWN AS SLIDES OR OTHER PROBLEM ILLUSTRA-

TIONS, PLEASE WRITE STATING YOUR DESIRES, AND I WILL

BE HAPPY TO SEND WHAT I CAN.

HEREERT H, GERNANDT 171-301
JET PROPULSION LABCRATORY
4800 QAK GROVE IRIVE
PASADENA, CA 91109

HIGH-SFEED PLOTTERS

High-gpeed plottlers are output de-
vices that allow the user to get hard
coples of databases. These devices
ghould be run in background, which re-
lieves the sending terminal for other
interactive tasks.
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USING THE COMPUTER TO PLOT
THE CENTER OF GRAVITY OF

PLANE AREAS

TAAQOV (JACK) ARWAS

TECHNION-ISRAEL INST. OF TECHNOLCGY
DEPARTMENT OF MATHEMATICS

HAIFA, ISRAEL

The Center of Gravity of the plane
areas of practically all commonly used
geometrical: figures, such as triangles,
rectangles, trapezoids, segments of
circles, etc ., are easy to locate.

However, in order to find the lo-
cation of the C.0.G. of a polygon, the
usual method consists of dividing the
polygon into a certain rmumber of ele-
mentary areas, the €.0.G. of which would
be known, and, by assuming each compo-
nent area to represent a force, to find
the resultant force and its point of
application, by using the eguation of
moments.

Obviously this tedious job could be
given to the computer which could be
programmed to produce the drawing of
the polygon considered, plet the C.0.G.
point of application and determine its
coordinates very accurately and certain-

"ly very guickly.

Or the other hand, 1f the plane
area is bounded by a curved line or a
combination of curved and straight
lines, it is practically impossible to
obtain & graphical sclution and here
again the computer could prove of great
value.

Gopyright (:) Y. Arwas, 1981

C.0.G. OF A POLYGON:

As suggested, thecomputer could be
programmed %o plot the €.0.G. cof the
area of any polygon, concave or CONVeX,
and of any number of sides. The pro-
cedure consists in dividing the area
covered by the polygon and the X-axis
into a number of trapezcids, the areas
of which could be represented by forces,
positive or negative, as shown in Fig. 1.

forces

Zr

forces

fig.1 DIVISION IRTO TRAPEZQIDS
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The next step is to have the compu- A typical computer plotter output is
ter caleulate the various moments, and shown in Fig. 2.
thug determine the resultant area-force
and the C.0.G. point of application, by

using the equation: g8
e
CA * COG = SUM OF {EA * EC)
in which %ﬂ
-+
CA = cumulative polygon area -
C0G = Polygon C.0.G. Coordinate ;2%_
EA = component trapezoid area with T
respective positive or negative >
sign ad
EC = component trapezoid ¢.0.G. o
coordinate
8
C.0.G. COMPUTER PROGRAM FOR A POLYGON: —
Using FORTRAN as a computer language, o :
the Tocation of the C.0.G. could be i i . 1 . i -
programmed as a subroutine, the pertinent 0,00 1,00 2.00  3.00 4,00 5,00  G.00
part of which would read as follows: X-AXIS
_______________ TCT. AREA= 12.297
________________ ¥GR= 3,237
EFMIX = 0. moments of com- YRR 2,566
_ ponent traperoids
EMIY - O' fig. 2 POLYGON COMPUTER OUTPUT
STED = 0,  ——ee-- polygon area
DF 10 1=1,N ——-—-- starting a loop
for N-sided polygon
M = I+l
IF(I.EQ.N)u=1 PLOTTING 4 CURVE:

BASE = Z(M)-X(I)

YNID = 0.5 % (Y(I)+¥(M)) In order to consider the shape of

any area, that is, an area bounded

51 = BASE ¥ YMID --trapezoid area partly or wholly by a curved line pas-
_— ging through a number of glven points,

FACT = Y{(I)+2.*Y (M} --- a factor it is necessary -- unless the curve
could be represented hy a known func-

XGI = X({I)+BASE#*PFACT/(6.%¥YMID)
YGI = 0.5*Y (I)+FACT* (Y (M)-Y(I))/(12.%YMID)

tion -~ to start by plotting that curve.

Tt 18 suggested that the Lagrange

—————— XGI,YGI = trapezcid Interpolation Polynome be used and a
C.0.G. coordinates gubroutine programmed, based on the
EMIX = EMIX+SI*XGI following equation:
STPT = STET+31
—————— cumulative areg In which:

PR = PRODUCT OF (XC(IJ-X(L})/A{X(K}-X{L))
L £K

10 CEPNTINUE for

XGR = EMIX/STHT ___ polygon C.0.G. assuming:
o mem coordinates I=J .. % ., M, a large rumber of
YGR = BMIY/STHT points through which
the curve passes,
gtarting a point num-
_______________ ber J and ending
at point number M

K=1 .. %t .. N the limited number
of given points
through which the

L=1.. % .. N curve ig to pass

Further reguirements cculd be in-
treoduced in the subroutine to provide
for the plotting of the polygon, the
axis, the €¢.0.G. location and the
printing of its coordinates.
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X(K) or X(L) are glven

are the curve
points cocrdinates

XC(1),YC(1)

The main part of such a sub-program
would read as follows:

SUBR@UTINE CURVE (X,Y,N,J,M,XC,YC)

__________ X,¥=given points co-
ordinates

__________ N=number of given
points

__________ J=given starting
point number

__________ M=end point number

———————— XG,YC=curve points
coordinates

DINMENSION X(lO),Y(lO),XC(lOO),YC(lOO)
M=J+10(N-1) ----- 10 {(or more) curve
points between pailr

of gilven pointe

Dx=(X(N)-X{1))/(M-T)

__________ increments
D¢ 30 I=J,M
KC{I) = XCP+DX
___________ XCP=preceding XC(I)
YC{I) = ©

DF 10 L = 1,N

TF{K.EQ.L)G¢ T¢ 10

PR = PR¥(XC(I)-X(L))/(X(E)-X(L))
10 CENTINUE

YE(I) = YC(I)+PR*Y (K)
20 C@NTINUE

CALL PLPT (XC(I),YC({I),2)

Such a program would enable us to
establish and store the values of the
compenent coordinate points of the
curve: XC,¥C.

MNow, if we consider that curve as
a broken line made out of a great num-
ber of component sides, me may establish
as many trapezoids made out of these sides
and the increments DX along the X-axis,
ag shown in Fig. 3.

YiID

h X

A f
1
l
|
|
—nl
DX

fig. 3 CURVE DIVISION INTO TRAPEZOIDS

If the curve could be represented
by a funetion, it would be plotted
through = series of points obtalined
from such a function, which obviously
could have the same role as the XC,
Y coordinates previously mentioned.

¢.0.G. OF A PLANE AREA:

If we consider any plane area,
bounded by curved and siraight lines,
concave or convex, it 1s possitle again
to divide the area covered by the given
figure and the X-axis, into a rumber of
traperzoids, the areas of which could
be represented by forces, positive or
negative, as shown in fig.

Having considered the given area as
a polygon, the curved component parts
made out of a very large number of sides,
we may use now the subroutine estab-
lishing the C.0.G. of a polygon; the
points entered in this subroutine would
be the XIG,YO coordinates stored for

ENGINEERING DESIGN GRAPHICS JOURNAL  Winter 1981 / 27



Positive
forces

Negative
forges

fig. 4 YRAPEZOIDS IN IRREGULAR AREA

the various curved lines, comple-
mented by the coordinates of the
stralght line parts,

Thus, such a subroutine could be
formed as follows:

SUBROUTINE ANAREA (X,Y,W,STET,XGR,YGR)
——————————— in which:

XY XC,YC,

il

N = nmumber of polygon vertices

STET = cumulative area

AGR

YGR}

Fig. 5 shows a plotter ocutput for
such an area, made out of curves passing

through the points indicated, as well as
straight 1lines.

C.0.G. coordinates

TOT. AREA is the area in sguare inches
for the scale considered, XGR and YGR are
the coordinates, in inches, of the .0.G.

C.0.G. OF SOLIDS:

Althought the subject of thig paper
deals with the location of the C.G.G.
of a plane area, it is possible to see
how the method could be extended to
the location ¢f the ¢,0.3. in sclids.

The procedure would consist in di-
viding the solid considered into ele-
mentary sections, each represented by
forces, F1, F2, . . . . The magnitude
of these forces and their points of
application could be caleculated from
the ANAREA subroutine previousily
discussed.

F1,F2 . . . would be, in turn, in-
troduced in a program {or sub-program}
that would:
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fig. 5 IRREGULAR AREA COMPUTER OUTPUT

a) TIntegrate the various section
force-areas to form the cumulative
volume and subsequently the welght
of the golid considered,

b} Determine the location of the
point of application of the resuyl-
tant-force F, to the section forces
F1,F2. , .

Thus, the weight and the €.0.2. of
the solid considered could te determined
accurately and very rapidly.




COMPUTER AIDED INSTRUCTION

USING STUDENT

INTERACTIVE VISUALS

JON K. JENSEN

DEPT. OF MECHANTCAL ENGINEERTNG
MARQUETTE UNIVERSTTY
MILWAUKEE, WI

INTRODUCTION

Very often instructors cf freshman
engineering graphics emply various multi-
media or audiovisual methods in an at-
tempt to enhance the motivation of stu-
dents. The market place has been filled
with a great number of films, videotapes,
slides, film strips, overhead transpar-
encies, realia, computer graphics, com-
puter assisted instruetion, etc., to as-
sist these instructors. 0f these many
methods, computer graphics is relative-
ly new to many school curricula, and, is
growing in usage each year. In general,
freshmen who are taking a first course
in computer programming, fortran, basic
etc., are infatuated with the novelty of
using the computer - it's fun. Computer
graphics, then, can be one way of captur-
ing students' interest or infatuztion
with the computer 'and focusing it on en-
gineering graphics., Too much or too 1lit-
tle motivation can hinder learning. How-
ever, not many teachers would reject the
notion that motivated students are easier
%o teach and in many cases learn more.
Computer graphics can also be of assist-
ance in another area of engineering gra-
phics, that of assisting the instructor

with individualized aitention. This can
be accomplished by construction of inter-
active programs and epecialiged packages
to assist students with individual con-
cepts, acting as a tutorial, What is
then created is computer assisted in-
struction, with visual enhancement.

BACKGROUND

One of the objectives of a local
course improvement project at Marguette
Qn;versity is to develop computer graph-
ics software for implementation into the
curriculum. This paper describes one
such software package, how 1t interacts
with students, iIts potential value to a
gystem, student acceptance and possible
applications. The graphics package,
currently labeled "GRAPHIC 1", was writ-
ten by a graduate student and uses the
Terminal Control System (TCS) package
with the Tektronix "Plot-10" systenm

Copyright (:) J. Jensen, 1681
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software. The program 1s very Iinterac-
tive and uses both keyboard and cursor
control. The college Computer Aided De-
sign and Graphlies Laboratory also cur-
rently uses Tektronix terminals. GRA-
PHIC I is presently an orthographic pro-
jection or multiview self learning pack-
age utilizing computer graphics.

GRAPHIC T allows the student to
draw or view solutions (or both) to var-
ious orthographic projection problems.
The student may either construct the or-
thographic views from a given pictorial
image or construct the pictorial from the
given principal multiviews (Fig. 1).
While this peckage can assist a student
in enhancing his/her ability to visual-
ize, the author is not convinced that
computer graphics will teach visualiza-
tion, and, is in no way intended to be a
replacement for appropriate classroom
and lab ingtruction.

PROJECT n

STUDENT
FHPUT

STUDENT
INPUT

FIGURE 1

In actual operation, GRAPHIC I fol-
lows the, visual thinking medel expressed
by MeKim® (Fig. 2). In the context of
using the tutorial package, each cof the
three concepts, seeing, imagining, draw-
ing and their overlappings are used.
Where seeing overlaps imagining, seeing
the "given" image in the problem gives
motivation to imagination and the subse-
quent formation of a mental image. Where
imagining overlaps drawing, the mental
image becomes the raw material for the
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FIGURE 2

expression of the object through a visual
medium, in our case the CRT screen.

Where drawing and seeing overlap, seeing
the "given" image facilitates drawing and
aleo gives visual feedback and reinforce-
ment to the student.

KEY OPERATIOMS:

= DISPLAY SOLUTION
DRAW A LTINE

ERASE SCREEN

MOVE CURSOR

QUIT SESSION

DRAW A DASHED LINE

I I

IScCZIMO>
!

i

PROJECTS CURRENTLY AVAILABLE
1. SIMPLE CUBE
2. CUT CORNER CUBE
3. STEPPED CUBE
4. WEDGE
5. CUT WEDGE

INPUT PROJECT NUMBER OR Q FOR QUIT ..

FICURE 3



KEY OPERATIONS:

D -~ DRAWM A LTNE
E — ERASE SCREEN
H - MOVE CURSDR
0 - QUIT SESSION
H - DRAW A DASHED LINE

FIGURE &

INTERACTION WITH THE PROGRAM

The student enters the preogram and
views the key operation list and the pro-
jects currently available (Fig. 3). Af-
ter making a choice the program promts:
“Weuld you like to practice orthographic
or pictorial drawing?" (0/F). 1If the
gtudent cheoosesg "orthographic", the pro-
gram replies by drawing a pictorial view
of the problem, a dirsction of sight ar-
row, the three principal planes of pro-
jection, a dot matrix for scaling and re-
prints the key operation list (Fig. 4).

At this point the interactive cursor
is activated, and, using the key opera-
tions the student may draw the three or-
thographie views in their appropriate po-
sitions. I noticeable errors are made,
the student may erase the screen and be-
gin again. When he/she has ccmpleted the
problem, the sclution can be either over-
layed or viewed on a clean screen. This
feedback allows the student to know imme-
diately whether he/she is correct or in
error.

KEY OPERATIONS:
A = DISPLAY SOLUTION
D - DRAV A LINE
£ - ERASE SCREEN
M - HOVE CLRSOR
0 - QUIT SESSION
H - DRAW A DASHED LINE

FIGURE 5

Figure 5 shows an example of an in-
correct student solution, dashed lines
have been used for illustrative purposes
only. Figure 6 shows the correct salu-
Tion overlayed onto the incorrect solu-
tion. At this time the student may con-
+tinue the tutorial by selecting another
problem, or quit, If a hard copy device
ig mvailable the student may copy his/her
solution, erase the screen, call the cor-
rect solution, copy that solution and
compare the two. This alsc provides the
student with a record of his progress,

Students presently have access to
the graphics terminals on an "as needed"
basis only. When =2 student is identified
as needing assistance, he/she may may
choose the option of the computer graphics
tutorial. An alternative opticn is to
seek assistance from one of several tea-
ching assistants or the course ilnstruct-
ors, It ig felt that giving students
this additiocnal path or course of action
will act as an increasing motivational

KEY OPERATIONS:

D - DRAW A LINE
E - ERASE SCREEN
M - MOVE CLRSOR
Q - OQUIT SESSION
4 -~ DRAM A DASHED L.INE

HIT RETURN TO CONTINUE ..

FIGUKE &

device. A device that both attracts on
the basis of novelty and utility.

STUDENT ACCEPTANCE

A number of students (40) were sur-
veyed regarding this reaction to using
GRAPHIC I. Of the thirty-five students
in the sample, 82% had nct encountersd
any previous experience in graphics, and,
all forty experienced computer aided in-
gtruction in addition tc the basic use of
the graphics terminal. Pairs of students
used the terminal for approximately 30-40
minutes. When they had finished using the
tutorial they were asked to complete a
questionnaire.

At the conclusion of the sample ex-
periences, a1l of the students indicated
that they required very little assistance
pefore using the tutorial. Eighty-five
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rercent (34) of the students stated that
the futorial would help them significant-
ly in a self directed learning situation
in graphics. All forty students also in-
dicated that they would enjoy this type
of instruction.

Although the sample and survey were
unscientific in nature, the Teedback pro-
vided was positive. Based (in part) on
the above responses, it was decided to
pursue development of this area., The
following paragraphs are additional con-
clusions.

CONCLUSTIONS

Ldvantages. The graphics package
described is one way of using computer
interactive graphics tc assist an in-
structor in giving individualized atten-
tion. While an instructor is not usually
present during the use of the package,
gtudents can be positively affected if
only in viewing various correct sclutions
to reinforce the projection theory. Most
students require little or no assistance.

Students can interact with GRAPHIC T
after a very brief orientation. There is
no need for knowledge of computer pro-
gramming., Certainly there is value in
programming, entering of coordinate val-
ues, connecting spatisl points, ete.,
however, it is not felt that students
should be burdened with this while learn-
ing these basic concepts.

The problems used in the tutorial
can be alternated or used in a logical
progression from simple to complex, i.e.,
a group of low complexity problems can be
uged during a given time period, then can
be replaced by intermedizte problems, then
higher complexity, etc. The package can

32/ ENGINEERING DESIGN GRAPHICS JOURNAL  Winter 1981

be used by pairs of students, but, more
than three at one time isg discouraged.
The general mode of operation can be ap-
plied to other concepts as well,

If a hard copy device 1s available
the visuals produced with this package
will make excellent masters for overhead
transparencies to be used in a classroom
setting.

Disadvantages. Presently the pack-
age does not have the capability of deal-
ing with arcs and circles, in an interac-
tive fashion, Therefore, problems are
limited to straight line work.

The tutorial requires the usge inter-
active controlg In the use of a Crosshair
Curgor and is not ussble on all graphic
terminals.

Lack cof an adequate number of stu-
dent terminals. Understandably, this is
a probtlem in many schools, Presesnt fa-
cilities will not allow Ffor a dedicated
computer graphics/instructional labora-
tory for students. However, it 1s anti-
cipated that this will change as progress
is made in this area. Technology exists
to bring computer graphics into the
classroom via other mediums, i.e., video,
film, etec. and may represent viable alter-
natives under certain conditions.

1. W#cKim, Robert h., Experiences in Vis-

ual Thinking, 2nd BEdition, Monterey, CA,
Brooks/Cole, 1980, p. 70G.




COMPUTER GRAPHICS ---

"PERPLEXING AND TROUBLESOME" QUESTIONS

COMPUTER GRAPHICS -
"PERPLEXING” AND
“TROUBLESOME” QUESTIONS

FRANCIS A, MOSILLC
UNIVERSITY OF ILLINGIS
AT CHICAGO CIRCLE

CHICAGO, ILLINOIS

In the Winter 1979 isgsue of the
Engineering Design CGraphics Journal,
an article by Roubert McDougal (Univer-
gity of Nebraska) described the use of
computer graphics by members of the
engineering graphics community. (1)
(Ed.Note: See also, the follow-up
article by McDougal this issus)
Within the pages of that article
Paul DeJong commented on the article and
further stated what he considered to
be perplexing and troublesome questions
in the implementation of computer
graphics courses. Thesge questions
and thoughts have also been expressed
many times in many waye by many other
faculty members. This article is a
review of these questions to give
those who are concerned with these
issues some ideas as to how these par-
ticular problems might be resoclved,
His questions were:

First, exactly what does computer
graphlcs teach or provide
to the student that good
sketching techniques do not?

Second, wll the student be able to
use that specialized ability
after graduation?

Third, what subject material is re-
moved from the currtulum to
provide time for computer
graphics?

Fourth, vhere dces the money ccme
from to obtain the equipment
to provide "extenzive hands-

on" experience for one thousand

freshmen?

FIRST - The initial question is really
more than just asking whether the compu-
ter as a tool could be substituted for
the pencil. The quetion is sort of

like saying that since we have cars,
there is no need to learn to walk.

This 1s, of course, over-reacting to the
gquestion, but at the same time one

must also recognize that sketching and
drefting technigues zre not as high on
the priority listing pf objectives for
the current Engineering Graphics courses
as they once were. Although question
three is somewhat being answered here
(what items will be removed from the
course)} and that is the go called "good
sketching techniques”. (2) This does not,
of course, remove sketching and/or
drafting from the course, but does limit
the emphasis placed on these areas con-
sidering the fact that few engineering
graduates today are initiated into the
engineering field by working as drafts-
me§ for a period of time as was once the
raie,

The primary item that the computer
does that a pencil dces not, is to moti-
vate the student., (3) The instructor may
motivate the student in the teaching of
melti-views utilizing pencil techniques,
but with the same instructional motiva-
tion, the teacher is further assisted
by the motivation that inherently comes
from the use of the computer. In addi-
tion, the non-graphics Taculty and those
in industry are impressed and expects
our students to have some computer graph-
ics experiences.

Copyright @ F. Mosillo, 1984
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At this point, one could question
the expense and excessive time involved
in the use of the computer. These could
be valid criticisme if one were tc uncre-
atively "dump” a computer graphics unit
into an existing course or develop a
new course for the sole purpcse of teach-
ing computer graphics. (#4) This will be
further discussed in the sections headed
third and fourth.

SECOND - The question as to whether any
material taught in a graphics course will
be utilized after graduation seems to
always have been a special can of worms
for the graphics teacher. Aithough it
is admirable that the graphics teachers
who primarily teach freshmen are con-
cerned with what the student will be
using four or so years from the current
classroom, this ie really not a realis-
tic nor a pragmatic outlook. Nelther
students nor industry are really in a
position tc aid the graphics Instructor
in thelr search for meaningful course
content. The people the graphics in-
structor must convience that the course
content is of value is the faculty right
on thelr campus. After all, they have
the autherity to either vote graphics in
or out when the going gets tough. It is
they who must be convienced that this
“speclalized ability" is really of value.

Actually, this so-called "special-
ized computer ability” is not special-
ized at all, In fact, no matter what
the student is taught in the computer
graphics area the material will more
than likely not matech anything that will
be used either in industry cr on your
camput without some adjustments. At the
same time, any or all of the experiences
the students have with computer graphics
will be adaptable to some other computer
set-up. That is, no matter what you
teach can never be used exactly, yet ev-
erything you teach will be of some value
one way or ancther. Contradictory? Well
not at all, as this is true of all work
that students experience with the compu-
ter. The next language or system they
run into will invariably btecome-easier
for them to use whether it be the follow-
ing term on campus or the following years
somewhere in industry.

THIRD - Many institutions do Jjust what
this third question asks and that is

they remove items from the traditional
graphics courses to insert & unit in com-
puter graphics. If this is what the in-
stitutlon wants, that is, to remove some
of the basic graphics from the curricu-
lum, then by&ll means a computer graphics
unit would be a useful replacement.
However, if this is not the intention,
then there is no reascn why it has to be
done. Although the computer is an aw-
fully expensive supplement for the pen-
cil, it can be used as a motivational
tocl within the graphics material. Sim-
ple programs can be developed utilizing

34 / ENGINEERING DESIGN GRAPHICS JOURNAL  Winter 1981

graphs and equations or other forms of
charts depending upon what is already in
the course, (2} Actually, this might be
more difficult than implementing a three-
dimensional graphics program which would
motivate the students in the spatial
visualization techniques of orthographic
projection at its basic level or in the
descriptive geometric approach. (3) Using
computer graphics to support the already
existing graphics material means that
very little need be removed from the
course or curriculum other than the em-
phasis on the techniques of sketching,
lettering, drafting, geometric construc-
tion, etc. What (?), these topics are
already cut to the bone?! Well, take
another lock or you might find the bone
missing. Graphics may be coming back to
some degree, but don't let your guard
down for one moment, as you might find
graphics missing again.(5)

FOURTH - There is no gquestion that the

purchasing of computer equipment is ex-
pensive. However, it is becoming cheap-
er all the time and stand alcone systems
are making thelr entrance into the engi-
neering graphics areas with software al-
ready available. (6) In fact, marny of
these systems are being purchased by in-
dustry and are being used more and more
by industry. (7) One of these methods
used to get money for the equipment is by
a method that all the rest c¢f the Univer-
gity community has done but the graphics
pecple have been reluctant to do so, and
that is by writing proposals and obtain-
ing grants. The Computer Graphics Com-
mittee of the Graphics Division attemp-
ted to develop a subcommittee which would
look into this well of fortune, but gra-
phics people being what they are did not
find thig areaz particularly stimulating
and therefore this committee is still
somewhat in limbo. However, there is
¢1ill another approach which doesn't
usually cost a dime. That is, there
must te scme sort of a computer on cam-
pus which is available for general usage.
Unfortunately, this takes a little poli-
ticing and maybe some creativity to fig-
ure out how to get the computer people

to embrace you and graphics. {3} Primar-

ily their entire lives resolve about alpha-

numeric characters and graphics is not
always their favorite subject. There is
nothing wraemng however with asking them to
work with you on some graphical ocutputs
that come in the form of characters on
thelr printout paper. Thie can be the
first step and if they somehow dc have

a plotter available there might even be
someone within your computer facility
that might be looking for a friend on
the outside to give them moral support
in this graphical world of ours. If
there is no plotter available, a nice
touch is to apply for a grant or twist
your department head's or dean's arm
(who ever has more bucks and a soft spot
for graphics) and give the plotter to
the people at your computer facility as



a gift. They may look at this as a tro-
jan horse, and actually, that is exactly
what it is.

The previous paragraph was speaking
merely to the "foot'in the door" element
of getting the money to start a computer
graphics system, but question four also

stated "extensive hands on experience for

one thousand freshmen". Well, 600 stu-
dents per year are being handled at the
University of Illinois Chicago Cirele

Campus as described in a previous article

written by this writer. (&4) The "exten-

sive hands on" is defined as the students

using either card punch machines or ter-
minals, then there is no problem. How-

ever, to actually have a number of this

nature get close enough to the computer

itself to even see it would be unrealis-
tic in this writer's opinion.

There are some who have received
grants for the purpose of developing
stand alone systems for a large number
of freshmen in a core curriculum. How-
ever, when one pins these people down as
to the actual rnumbers, the numbers of
heurs in a day, and the amount of equip-
ment that would be needed, the realism
quickly disappears. In any case, why
would en institution wish to have direct
hands on experience for all of their
students when in essence only a limited
rumber of pecple need to have hands on

the computer equipment. That is, special-

ists in computer hardware and software
may be directly involved with the compu-
ter itself but the majority of engineers

. Interact with the computer by some inter-

faced plece of equipment such as a ter-

minal or a card punch machine. The smal-

ler numbers of students and especially
when the student's specialty is known.

Conclusion

There is no one correct set of an-
swers to these questions. What might be

good fTor one institution may not work for

another. One thing is for sure and that

is that faculty attitude is extremely im-

portant in whether or not an institution
successfully provides its students with

a meaningful computer graphics experience,

The lack of computer expertise and money
did net stop this "old ftimer" from im-
plementing computer graphies as early as
1972, and to this day it has not direct-
1y cost the department one dime for com-
puter hardware or software. “Where there
is a will there is a way". If you have
the "will" maybe we can talk about it to
find "the way" for you.
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from the

THE GOALS. ...

PAUL 5. DE JONG

IOWA STATE UNIVERSITY

DEPARTMENT OF FRESHMAN ENGINEERING
AMES, TOWA

I don't want %o belabor the obvious,
but you may have noticed that since the
Grinter report, a general revolution has
taken place within what was then a rather
stable Engineering curriculum; one in
which we had a strong if not overriding
volce which now geems at times to either
fall on deaf esrs or be a voice in the
wilderness.

Even meore far-reaching has been the
effect of technological advances since
that august report - particularly in solid
state phenomena - but also in energy uti-
lization and even hasic attitudes. The
effect of both these forces has been that
we feel as if we have - and in actuality
have - been forced to give up time, lots
of time in fact, to broaden cur students'
education to include more humanities,
sciences, and it seems lots of computer-
oriented courses. Ever heard of cone-
locus lately?

There is something inevitable about
all this and you should know if" you don't
already that we are not alone. All the
degree granting curricula have had to
give up time to produce room for these
new technologies and humanities., The re-
sult may have been that the student is
the one who payg. I recall rather clear-
ly getting credit for studylng basic fluild
flow at least three times - once in Mech-
anics, once in Heat Transfer and once in
Thermodynamics., I thought that it was
gquite considerate at the ftime but I doubt
that we are guite so generous today. In
most of the courses I have been associated
with recently, we have by design or by ac-
cident considered "once is encugh". The
end result of this pressure of encroach-
ment on cur teaching time has certainly,
we would agree, reduced our courses to a
mere shadow of their former selves and
left us pretty defensive and some might
even say paranoid. However, we should
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nidyear conference
LEST WE FORGET

cbserve that just because you are para-
noid, it doesn't mean that they aren't
out to get you.

THE SEARCH FOR "RESPECTABILITY™

We have tried many different things
in what some might consider a futile ef-
fort to re-establish or "save" graphics,
gince a lot of people seem guite willing
and eager to bury us.

Ever since they tock away cur T-sguares,

we tend to cry in our beer and mutter to
curselves somewhat. We think the Ag En-
gineers are mad at us because we aren't
using instruments and the Computer engi-
neers seem te be mad at us no matter
what. Naturally, neither is mad at us
at all, {we hope), but are watchful and
expecting the time we use to be product-
ive in thelr view, a view which varies
widely between curriculs and institutions.
The consequence is that we tend to exhi-
bit masochistic tendencies.

Our Tfirgt efforts may have been
"closed circuit television". This seemed
to provide a vehicle to deliver ocutstand-
ing lectures using excellent educational
aides and over-the-shoulder teaching.
Unfortunately, many of our students are
accustomed to television and at an intel-
lectual level of "Love Boat" with the vis-~
ual characteristics of "It's a Living"
and tend to mentally "shut down" during
television lectures., We also found, a
little to our dismay, that television
provided a means by which we could replace
ourselves.

The next attempt was probably design
which, I believe, we would all agree is
one of the most powerful and useful cours-
es in a student's academic career 1f they

Copyright @ P, de Jong, 1984



stop to remember where they learned all
that good stuff. Many of us have testi-
monials to that effect. It is unfortu-
nate that too many individuals in the de-
gree granting departments labor under the
illusion only they have been "bestowed"
with the knowledge to teach design cr fail
to see how design can be accomplighed
without abundant decimal points.

More recently it has been Descript-
ive Geometry as such that would be our
salvation, and I have heard rumblings
aboult Geometric Tolerancing, but probab-
1y it is Computer Graphics that i1g 1n the
Messiah's role. I should guickly add
that I'm a subscriber to these things my-
self and have made several CCTV tapes, en-
joy the mental challenge of Descriptive
Geometry and Geometric Tolerancing, the
fun of a touch Design problem or Computer
program. Like many families, we have a
16K Pet in our basement with which I fre-
quently wrestle with until 2 A.M. It usu-
ally wins because I often fail to define
my arrays.

But I wonder sometimes if we realize
that most of these things are tools to an
Engineer; Computer Graphics particularly,
since it is the electronic equivalent of
a drafting machine. Worse yet, the cur-
rent demands of education - rightly or
wrongly - are knowledge of principles,
not these marmial skills. Most companies
cannct afford to use expensive engineer-
ing talent at the drawing board, except
in the most minimal way.

WHY DO WE DG THIS?

Initially, computers were genuinely
cumbersome and inaccesgible so presented
no threat to a well planned graphics
course., However, the new generations of
computers are relatively cheap, flexible,
and agile, so to speak. Many of us would
and are turning to convert our courses
from "pencil" graphics to "computer" gra-
phics because this seems timely, current,
and has the blessings of Deansg, Depart-
ments, and even Industry - and probably
because they seem capable of replacing us.

Graphics as a technclogy is admitted-
ly a pretty static subject and after many
years of teaching it produces a "retread"
or even "burnout" syndrome. We may need
a new challenge to inspire us and Compu-
ter Graphics appears to hold great poten-
tial in this regard for the aspiring gra-
phician. In reality, this too may be an
illusicn. Almost any computer manufact-
urer can outstirip our research efforts in
the prevailing Tinancial atmosphere.

Many industrial supervisors will tell
you - as they have me - that we should
be teaching Computer Graphics, but more
detailed discussion will disclose some im-
portant factors. First, only a few hours
professionally, typically three or four
weeks are needed to traln a person to use
a given computer graphics system. This

is, of course, a trivial investment to
the parent industry in view of the equip-
ment expenditure. Second, absence of
standards make it very difficult for a
person to be proficient on more than one
system, and such variation is a source of
great concern to them, since it represents
a possible introduction of human error
into a system designed to reduce error.
Virtually every system today is custom
built and has its own pecularities.
Third, every "new system" is = vast im-
provement over the "old" one both in
capability and sophistication. The
technology is moving at an astounding
pace.

Each of these observations hag impact
on the feasibility of meaningful computer
graphics in education and I stress "mean-
ingful". First, in a2 typical Engineering
curriculum, three or four weeks full-time
training becomes 120 to 160 hours or at
least 40 class hours. T leave it to you
to determine the likelihood of creating
around three credit hours for Computer
Graphics in your curriculum without
virtually eliminating your present course
content. Moreover, the cost of providing
enough terminals to give 211 your Engi-
neering students thig much "hands on”
experlence is staggering. It has been
done, and proved so. Second, no matter
what system you use in your school, the
likelihocd that your students will fing
the same system in employment is truly
vahishingly small. Therefore their
experience may be of little value except
in the most pedantic view. Third, any
system you provide to your students will
be outdated within a year and you will
quickly have a fleet of "Model T's" on
your hands awalting maintenance and re-
placement in a shrinking academic budget.

CONCLUSION

After all this you may find it pe-
culiar that I still want to affirm my
interest in and even wild enthusiastic
endorgement of Computer Graphics, but
only as an analytical tool of collossal
strength and a documentation device of
infinite patience and care. However, its
proper place in the Engineering curriculum
is at an "advanced" level and cn a re-
stricted basis to those who are interested
and capable of pursuing it. Aleong that
line, it would be logical 1o use Compu-
ter Graphics as a supplement and incen-
tive for students who complete the essen-
tlal graphics course material soon encugh
and well enough to qualify. Such a sys-
tem would overcome mcst of the problems
usually encountered because 1t would in-
volve fewer students and require fewer
terminals. Let's not forget, though,
that the computer, and this is critical,
is a TOOL and cannot communicate anything
that its operator doesn't know initially.
If we allow our course to be the elec-
tronic equivalent of a welding shop,
you can be gure that the Time Hunters
will soon show that they can make better
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use of the time spent there - and they
will be correct.

Let's not ignore any o¢f the tremen-
dous tools that are =zt our disposal, but
on the other hand, let's not be cvercome
by them, elther. We must continue to
seek higher knowledge in our field and
convey that knowledge at the appropriate
time to the appropriate pecple; but we
must not forget that our product is
people who can creatively, conscienti-
ously, and responsibly analyze poorly
defined problems, and visualize, synthe-
size, and communicate new and better so-
lutions in view of a lifetime's experience.

Not one single one of those things
can be done by a computer! On the other
hand, we can and nust begin to develop
all those traits in our students by teach-
ing - albeit more effectively - responsibi-
lity, neatness, punctuality, graphic
communication and visualization. Cer-
tainly these are more important than mere
ability to write commands on a keybcard!
Our graduates should be professionals, not
mediocre typists!

The first three of these - responsibi-
lity, neatness, punctuality - and others,
to be sure, are habits and are approachable
as such. The last two-graphic - communica-
tion and visumlirzation - are technological
and T am sure that we have nct been ad-
dressing them as effectively as possible
by ccmpressing traditional courses. It
ig impossible to anticipste which appli-
catlions of graphics a given student will
need in the years zhead, but we can safe-
ly predict general needs, which means
that we must systematically teach, deve-
lop, promocte and assure both their
ability to use graphics well with excel-
lent sketches and graphs for future
courses, and their ability to visualize,
that is, the ability to create realistic
two- and three-dimensional mental images
and to use those images analytically.

Bill VanderWall has developed and suc-
cessfully used material on this subject
at North Carolina State and several cf
our group have used the "blind sketching”
method I described some time ago with
positive and enthusiastic results. How-
ever, these are only first steps; more
work is needed to develop methods for
teaching and visualization.

We have all seen - and contirme to
gee - our students arriving with only
rudimentary ability to communicate
their ideas effectively either to them-
selves or to cthers. We also know the
importance of inner visualization and
communication to an Engineer's career.
"Thinking" takes place in pictures for
most people, which to me means that
better mental images prcduce clearer
thought. TO VISUALIZE BETTER IS TO
THINK BETTER. That is heady stuff;
what higher caliing can there be in
education than to produce a large step
change in thinking ability.
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Such tremendous accomplishments are
nothing to apolegize for. Let's quit
mittering to ourselves and do some public
relations work. Take a positive attitude
and make sure our peers Xnow what we've
done by virtus of our students' performance.
Mzke sure our students know what we have
done for them by virtue of their success
—- and BRAG =zbout it a little!




ROBERT N. MCDOUGAL

ANTON VIDLAK

DEPARTMENT OF ENGINEERING MECHANICS
THE UNIVERSITY OF NEBRASKA-IINCOLN
LINCOLN,

EDITOR'S NOTE:

event. Although,
two years "cold",

Graphics committee

to the editor shortly after the 1979 Amual
Meeting at Baton Rouge, at which this
paper was presented at an EDGD sponsored

publication, the Journal maintains that
the trend has been indicated by this
article, and challenges the readership
to present an update tc the Computer

This paper was sent

the material is over
at the date of this

of the EDGD.

Abstract

This paper is the result of a study
made by a subcommittee of the Computer
Graphics Committee of the (Graphics Di-
vision of the American Soclety for Engi-
neering Education. Representatives of
Industry and Education responded to a
letter of inguiry sent by the authors
requesting the use of Computer Graphics
as a design tool at their respective or-
ganizations. The results of the respon-
dants Indicate that computer graphics is
being used as a design tool to some ex-
tent by both industry and education.
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and therefore wish to express their grat-
itude tc those persons. Without their
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been prepared.

INTRODUCTION

The digital computer has contribu-
ted greatly to the Engineering profes-
gion. It has reduced the time necessary
in obtaining solutions to engineering
probiems. The versatility of the sompu-
ter as a design tocl is becoming more
evident each year. Its adaptation to
graphical display enhances its use as a
design tool in industry and at education-
al institutions. The computer can be
programmed to perform many functions, one
being computer graphiecs. Just how much
computer graphics is used as a design
tool is not known. However, the desire
te find out has initiated this study.
subcommittee of the Computer Graphics
Committee of the Engineering Design Gra-
phice Division of ASEE was givan the re-

A
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University

TABLE I.
Comp. Graph.

Dep'ts, Using

USE OF COMPUTER GRAPHICS IN EDUCATION

Level of

Text Authors

Application Comp. Graph. Student Instr.
Airforce Inst. of Tech, Sojutions School of Engr. Undergrad & Grad Notes & Manuals
Alaska, U of Sol. & Art. CE., Eng. Sci. Fresh, Notes & Manuals
Arizona, U of Sotutions fero., ME., CE. Undergrad & Grad Newman & S|:>r'ou'ﬂ5
Bridgeport, U of Solutions EE., ME. Sr, & Grad. Newman & Spruu'l16
British Columbia, U of Solutions CE. Sr. Hotes & Manuals
Calif. State U.-Long Beach Solutions ME. & others Soph., Jdr., Sr., Grad. Notes & Manuals
Calif. U, of Davis Solutions Me., CE. Fresh., Sr., Grad. Motes & Manuals
City Univ. of Hew York Solutions CE. Undergrad. & Grad. Hotes & Manuals
Clemson U, Solutions Eng. Graphics Fresh., Jr., Sr. Daniel Ryaﬁ2 L7
Wolfaang Giloi
Concordia U. So}. & Art. CE. Adv. underqrad. & Grad. Notes & Manuals
Connecticut, U of Solutions Eng. Graph., ME, Fresh., Soph., 5r., Grad. Newman & Sproull
Dayton, U of Soluticns ME, Sr., & Grad. Notes & Manuals
Florida Inst. of Tech. Solutions Math. Sci. Dep't, Undergrad. & Grad Hewman & Sprou 'Iﬁ
Holfnang G7loi
Georgia Inst. of Tech, Solutions C.5., EE., ME. Sr., Grad. Newman & :Sprouﬂ'S
Harvard U. Sol. & Art. Archi tecture Grad. Rogers & Adams5
Mewman & Sproull 3
Parslow, Prouse, Green
I11inois Inst. of Tech. Selutions A1 Eng. Dep’ts. Jr., Sr., Grad. flotes & Manuals
I11inois, U of Urbana~Champ, Solutions ﬁgrc.(z rEIet., Sogh., Jdr., Sr. Notes & Manuals
Kansas, U of S¢1. & Art. ME., C.S., CE., Jr. Notes & Manuals
Pet. E. .
Louisiana Tech. U. Solutions ME. Jr., Sr., firad. Motes & Manuzls
Maryland, U of Solutions EE. Upper level Motes & Manuals
Wichigan State U. Selutions ME. Soph., Jr., Sr., Grad. Rogers & Adans®
Michigan Tech, U. Solutions ME., EM. Fresh., Sr., Rogers & Adam55
Missouri, U of - Columbia Solutions Mech. & BRero. Eng.  Soph., Jr., Sr. Notes & Manuals
Wissouri, U of ~ Rolla Solutions é;m.ﬁECE., Chem,E., Soph., Jdr. Motes & Manuals
Nebraska, U of - Lincoln Sol, & Art. ME., CE., IE., EE, Fresh., Sr. PeLorm & Kersten]
Hew Brunswick, U of Solutions ME, Sr. Notes & Manuals
Horth Carolina State U. Solutians EE., GE., C.S. Jr., Sr., Hotes & Manuals
Rorthwestern U, Solutions Chem. Eng. Grad. Hotes & Manuals
Oakland U. Solutions Unknown Upper level Wotes & Manuals
Oklahoma State U, Soluticns School of Tech. Fresh., Soph., Jr., Sr. Hotes & Manuals
Ohio U. So0lutions Eng. Graphics Fresh. totes & Manuals
Pennsylvania, U of Sol. & Art. C. & Urban Ena. C.5. Soph., dr., Grad Hewman & Sprou%lﬁ
Rogers & Adams
Purdue U, Sol. & Art. HE. Upper level, Grad. Newman & Spmu%]6
Rogers & Adams
Rochester, U of Solutions EE., ME. Sr. & Grad. Hotes & Manuals
Rose-Hulman Inst. of Tech. Solutions Eng. Design Undergrad. Notes & Manuals
South Dakota State U. Solutions G.E. Fresh. Hotes & Manuals
Southeastern Hass. U. Sol. & Art. EE., Math. Fresh., frad. Hotes & Manuals
Stevens Inst, of Tech. Solutions C&., Chem., Soph., Jr., Sr. Notes & HManuals
Phys., Econ,
Tennessee Tech. U, Sotutions Eng. Sc. & Mech. Jr., Grad, Notes & Manuals
Texas, U of - at Austin Solutions ME. Fresh., Soph. Notes & Manuals
Toronta, U of Solutions ME,, CCED Undergrad. & Grad. Hotes & Manuals
Tuskegee Inst. Sol. & Art. EE. Sr., Grad. W, R. Bennet?
U.5. Coast Guard Academy Solutions Dep't of Appl. Ir,, Sr. Notes & Manuals
Sc. & Eng.
vermont, U of Soluticns CE. Soph., Jr., Sr. Notes & Manuals
Virginia, U of Solutions ME., Comp. Sc. Jr., Sr., Grad, Notes & Manuals
Western Michigan U, Solutions [E., Eng. Graph. sr. Wotes & Manuals
Wisconsin, U of - Madison So), & Art, G. E,, ME., CE. Fresh., Soph., Jr., Grad. Notes & Manuals

Wisconsin, U of - Milwaukee Sol. & Art. Syst. Des. Dep't. Fresh., Grad, Notes & Manuals
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sponsibility of contacting representa-
tives of industry and education to ascer-
tain the extent to which computer graph-
ics is being used as a degipgn tool.
Members of the subcommittee were Mr.
Thomas C. Smith, Professcr of Engineer-
ing Mechanics, University of Nebraska-
Lincoln, and the authors of this paper.

This paper is the result of a two-
phase informational request which the
authors initiated. Part I contains in-
formation concerning the use of computer
graphics as a design tool at several Col-
leges and Universities located in the
United States and Canada. Part II con-
tains informatiocn concerning the use of
computer graphics as a design tool. 1t
is only an initial effort to ascertain
its use as demcnstrated by the response
to letters sent by the authors to 225
Universities and 100 representatives of
industry. 75 Universities and 47 repre-
sentatives from industry responded to
the authors' request. The results of the
regponse from both industry and educa-
tion are included in this paper.

COMPUTER GRAPHICS AS A DESIGN TOOL IN
EDUCATION

A letter of inguiry was sent to 225
Universities located in the United States
and Canada. The letter included quest-
ions concerning the use of computer gra-
phics as a design tool in Engineering
Education. The following four questions
were asked;

1. How 1s computer graphics being
utilized at your institution; as
a solution tool, or is it art
related?

2. In what departmental courses is
it being utilized?

3. At what level of instruction.
{(i.e., freshman, sophomore, grad-
uate, etc.) 1s it being presen-
ted?

4. What texts and/or supplementary
materials are used?

0f the 75 unlversities which respon-
ded, 28 indicated that computer grd-
phics was not heing used as a design
tocl at thelr institutibn. Forty-
seven universities indicated that they
were uslng computer graphics either as
a solution to problems or as a tool in
graphices art. Table 1 represents the
results as indicated by the response
from those universities who are using
computer graphics as a design tool.

In most cases a specific text was
not being used and either departmental
notes and/or computer manufacturers
manuals were used as texts. SBome in-
dicated they were using scftware pack-
ages from computer manufacturers in
association with manuals and notes.

The most popular text that was be-
ing used wag, Principles of Interactive
Graphics by Newman and Sproull. The
gecond most popular text was Mathemati-
cal Elements for Computer Graphics by
Rogers and Adams. A list of all texts
indicated is included in the appendix
and referred to by reference number in
the table.

COMPUTER GRAPHICS AS A DESIGN TOOL
IN INDUSTRY

A letter of inguiry was alsc sent
to 100 corporations located throughout
the United States. A wide variety of
different types of industry were con-
tacted through the letters. The types
of industry include the automotive, o0il,
aircraft, shipbuilding, food procesging,
chemical, and engineering consulting.
The corporatiocns contacted were, in
general, the larger companies found in
the country. The letter sent to the
companies asgsked if computer graphics
were used in design and if graphics
were used, how they were used.

0f the 100 letters sent, there were
4% responses. Twelve companies indi-
cated that computer graphics were not
used in thelr design work, Two of the
twelve companies indicated that they
were planning to incorporate computer
graphics into theilr engineering depart-
ments sometime in the next year. Five
of the companies said that a very small
part of their design work was done in-
house and computer graphics would not
be practical for their work. The re-
maining companies indicated that compu-
ter graphics were not compatible with
thelr work or that they simply did not
uge computer graphics. Computer graph-
ics was used at 35 of the companies re-
sponding to our letter. There were
several uses of computer graphics.
The most common uses were computer aid-
ad drafting and computer aided manufac-
turing. Other uses included finite
element modelling, material testing
for corrosion, weld inspection, con-
tour mapping, equlpment and plant lay-
out, seismic charting and several others.
A complete list of companies who res-
ponded and some of the uses of computer
graphics in design 1s given in Table
II. Itshouldbe noted that the uses
of computer graphics listed in Table IT
are only those given in letters of re-
ply. Some are specific uses -- some are
general uses.

COMMENTS AND CONCLUSICNS

The results of the study indicate
that Computer Graphics i1s being used
ag a design tool by engineering stu-
dents. Several of the letters received
from universities whidy, at the time,
were not using computer graphics sug-
gested that they were planning to in-
clude it in the engineering curriculum
at some future time, The main reason
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Industry

TABLE II. USE OF COMPUTER GRAPHICS im INDUSTRY

Apptication

Bechtel

Bendix

Bethlehem Steel

Black & Yeatch

Boeing Computer

Brown & Root

Chrysler

Coca Cola

Conoco

Corn Products
Dow Chemical

DuPont

Exxon

Firestone

Fisher Controls

General Dynamics
Convair Division

General Dynamics
Electric Boat
Division

General Dynamics
Quincy Shipbuilding
Division

Computer aid design in nuclear power
plant work,

Finite element interactive graphics,
Generalized contour mapping program,
Computer aided drafting

Automated drafting in: Schematics
PC Board layouts
LSI Design
Automated design in: Gear train design
Simulation work

Computer aided manufacturing
Computer aided lofting

Not used

Computer aided drafting
Computer aided manufacturing

Computer aided drafting

Computer manikin to forecast the reaction
of peaple

Not used

Design of off-shore structures
Line drawings

Not used
Not used

Computer aided pipe sketches
Code diagrams

Graphical representation of information for

design

Equipment arrangement drawings

Plotting

Preparation and updating of piping diagrams
Yisual display of structural members
Mapping of open pit mines

Equipment and plant layout work

Electronic P/C board design
Computer aided drafting
Design Tayout

Finite element modeling
Seismic charting

Computer aided design
Computer aided drafting

Computer afded drafting

Finite element modeling
Non-destructive ultrasonfc testing
Computer alded manufacturing

Computer alded drafting
Computer atded manufacturing
Optimizing nesting of structural parts

Industry

Application

General Motors
Georgia Pacific
Gaodyear
Indiand Steel

International Harvester

Kodak
Kraft
Mobil

Monsanto

Owens-I11inois

Phi1Tips Petroleum

Ralston Purina

Republic Steel

Rockwell Internatianal
Automotive Operations

Rockweld Intermational

Graphic Systems Division

Sandia Laboratories

Standard 0i1
{Indiana)

Suntech Group

Tennessee Gas Pipeline

Texaco

Union 0i1

Uniroyal

United Technologies
Pratt & Yhitney

Harmer Lambert

Westinghouse

Preperation of body surface shapes
Hot used
Not used

Design and manufacturing of rolls
(used to shape steel)

Computer aided design
Computer aided manufacturing
Computer aided drafting

Not used

Not used

Design of tracking deyice
Pollution abatement design studies

Computer aided design
Computer aided drafting

Automated drafting
Computerized image generator

Kot used

Automated drafting
Automated design
Computer aided manufacturing

Computer atded design
Finite element modeiing
Detafil drafting
Mahufacturing

Computer ajded drafting

Computer aided design

Computer aided drafting
Analysis

Computer aided manufacturing
Genigraphics

Geological /Geophysical drawings
Computerized drafting

Computer aided drafting

Computer aided drafting
Computer aided analysis and design

Computer aided drafting
Structural design

Not used

Computer aided drafting
Computer aided manufacturing

Computer aided drafting and design
Computer aided manufacturing

Not used

Computer aided design
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that it was not being used was the cost
of computer egquipment necessary for
teaching computer graphics. Several
indicated that as soon as finances

were available, they would be using
computer graphics as a method of in-
struction in the process of design.

The tabulated results also indi-
cated that computer graphics was being
taught at all class levels including
graduate. Judging from the informa-
tion recelved, computer graphics is an
important part of the engineering cur-
riculum angd provides a ready tool
which the student can utilize in de-
veloping and/or improving the desien
process,

The utilization of computer graphics
in the undergraduate and graduate cur-
riculum introduces the student to mo-
dern methods of designing structures

and machines and also affords the stu-
dent the opportunity toc expand his ar-
tigtic abilities in graphically repre-
senting ideas which relate to design.
Many of those responding fawvorably to
the author's letter accompanied their
response with written materials which
they were using in teaching design con-
cepts.,

The results of the study alsc show
that computer graphics are used in indus-
try. Although several companies have
been using computer graphics for years
many of the comparies indicated that they
have Jjust recently installed computer
graphics at their facilities., Many
of the companies who have recently in-
stalled computer graphics indicated they
were still training their people in
the uses and have not yet reached the
full potential of their facilities.

W. R. Bennet

APPENDIX A

1. Calcomp Programing for Digital Plotters - DelLorm 8 Kersten

2. Computer-Aided Graphics & Design - Daniel Ryan

3. Computer Graphics Techniques & Applications - Parslow, Prouse & Green
4, Interactive Computer Graphics - Wolfgang Giloi

5. Mathematical Elements for Computer Graphics - Rogers & Adams

6. Principles of Interactive Graphics - Newman & Sproull

7. Scientific & Engineering Problem Solving With the Computer -
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ENGINEERING GRAPHICS
REQUIREMENTS NOW!

Y. VALDEZ

L, WYMAN

ENGINEERING GRAFPHICS DEPARTMENT
3.D. SCHOOL OF MINES AND TECHNOLOGY

The above named were faced with a
problem; specifically, the "average" En-
gineering Graphics requirements {credits
and content) required for a Bachelor of
Scilence Degree in an engineering disci-
pline at the ECPD accredited colleges
and universities.

Without an available answer, and
not inelined to peruse each department
requirements in 189 college catalogs
(many of which were not available) -
this survey was started in the Fall and
returns are considered closed,

Historically, surveys and gquestion-
naires continue to exist for wvarious
reazons and purposes:

- An effort to prove or disprove
one's personal opinions

- A resocurce material for disgerta-
tions, etec.

- Mandated by upper echelons in the
hierarchy of command

- Degire to emulate offerings of
pregtige peer groups
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A sincere interest in results re-
quested

Surveys are designed, or occur, in
various formats:

Leaded with biased gquestions
{heads I win - tails you lose)

Essay requests requiring much re-
search and personal effort.

Multi-page epistles which attest
to authore skill in mathematical
statistice z2nd random probabili-
ties.

Multi-page ingquiries designed with
each consideration to be rated on
the magic 1-10 scele. Rationale
and beauty of this category is
that it will provide reams of "in-
put” to the computer with result-
ing genyine, honest to goocdness,
10 decimal place accuracy of irw-
refuteable validity.

Shortened form with requests for
information.

Copyright (:) Wymam/Valdez, 1981



This survey was prompted by the as-
terisk (¥*) items above. In the "design”
Phase of the survey, the principle par-
ameters were: what, why, and who.

What - information concerning FEngi-
neering Graphics requirements
(content and credit hours)
required for a B. S. degree
in an engineering discipline.

Why - for comparison purposes of
material and content with
our own institution.

Who =~ mailings teo 189 similar in-
gtitutions listed in the ECPD
Accredited Programg Leading
to Degrees in Engineering,
1977 Mallings were limited
to this peer group for cor-
relation purposes.

The survey was written in October
1979, and mailed in November 1979, Re-
Turns arrived at rapid rate during Decem-
ber and again in late January (=g one
kindred soul stated he only attempted to
clean his desk during the Christmas
break}, Anonymity was intended and will
be maintained. As our return envelopes
were pre-franked at local postal service,
nearly one half of returns were uncan-
celled bﬁ mailing station. We have re-
ceived 140 returns for a return ration
of 744. -

Resulting "Averages" are indicated
on the Survey. All quarter hour credits
were converted (2/3) to semester hours
for averages, If the survey mailed to
your institution is “lost on vour desk,
or in your circular file," please feel

free to compare your content and require-
ments.

With all results averaged in percen-
tages, much information and indications
can be gathered from written comments and
noting interplay between certain ques-
tions. The following is an attempt to
arrive at overall picture (graphiecs term)
or condensation of the written comments.

1. 0Of the 12% of schools with pre-
requisites for Freshman Fngi-
neering Graphics - large major-
ity required Trigonometry.

2. Question should have included a
zero category. A very inter-
esting correlation developed
between Question #2 and Ques-
tion #7 (see survey).

0f the 11% (15 schools) re-

sponding zero Engineering Graph-

ics, 67% (10 schools) indicated

yes to Question #7 favoring in-

creased Engineering Graphics re-

quirements. Other comments in

the 11% group indicated the "top-
ic" was "covered” in an Engineer-
ing Fundamentals type course, or
on a "need to know" basis,

3. Question should have included =
zerc category and a blank space
for numbers larger than five,
{Largest number of required En-
gineering Graphics credits was
9 semester hours at an institi-
tution. )

4. Question would have been very
lengthy and involved to clarify
which departments required ad-
ded credits in Engineering Gra-
phics. Of 4&6% answering "ves",
preponderance were WMechanical
Engineering Departments with
much fewer being Civil Engin-
eering Departments,

5. Man of the 51% "no" answers in-
dicated some of Descripitive Ge-
ometry materials were covered
in integrated Engineering Gra-
phics courses (see guestion 8).

6. Question should have been rewor-
ded to indicate if elective En-
gineering Graphics course cred-
its qualified for departmental
graduation total hour reguire-
ments.

7+ Written comments on this guest-
ion ranged from terse descrip-
tive adjectives to full page
letters. It was interesting to
nete that of the 35% answering
"ne”; these institutions re-
quired an average of 3.22 se-
mester hours in Engineering
Graphics. Also note comments
on Question #2.

8., Of the 12% lisgting design ori-
ented, many indicated it was
egither an upper level course or
a "final project" type applica-
ticn in the second Engineering
Graphics course.

- computer based, two schools
had adopted.and discarded;
three schools were going to of-
fer to selected groups on trial
basis in 80-81 terms; three
schoels offered a portion of
second required Engineering
Graphics course as computer or-
iented; only one school checked
"computer based",

The last line of survey welcoming
comments (and OQuestion #7} produced many
interesting, constructive, "suggestive",
etc. comments and full page letters.
Comments ranged from: "Our seniors can't
draw,” to "Industry complains our B. 3.
grads can't draw or read drawings” (this
one with request from very large manu-
facturing company for a course ocutline
in Engineering Graphics to use for their
"new hires’). Also included were "Don't
rock the boat," "Neobody cares," "Don't
follow ocur downhill path," and some that
could not be repeated in any form or fa-
shion,
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SOUTH DAKOTA SCHOOL OF MINES
AND TECHNOLOGY

AAPID CITY, SCUTH DAKOTA 57701

SAMPLE SURVEY FORM

Enginesring Graphics Dept. Head: (W/ NAT'L. AVERAGES)
Dear Sir/Ms: (IN PERCENTAGE OF RETURNS)

Flease do not groan or swear at this swrvey. A minimum of your time
will result in veluable information for both (all) of us.

"

Consideration: An "averape" of requirved Engr. Craphlcs credits for
a B.5. degres iIn Engineering. .

Please conplete the following with a checlark or circle. (Commerts
orl =ach are weleone, but not required).

1. Are there any prerequisites for your lst Freshman Engr. Graphics

course (H.3. credits, or???)? If so, please clarify. 12 %ves  NoBBY%
O=11% [=67% 2:22% 3=3%
2. Number of courses in E.G. required for B.S. in Engr.? 1 2 3
3. Total credit ks in E.G. required for B.5. in Engr.? 1.2 3 L4 5
Sem 2. 42 Qcr
4, DBo reguirements in E.G. vary for your various englneering
options? 469 Yes No54%
5. Is descriptive geometry (under any new or old title)
required for B.S. in Fngr.? 49 %Yes NoBIY%
&. Courses available in non reguired E.G. electives? 45% Yes Ne55Y,
7. Do you perscnally faver more E.G. requirements? E5%ves No35%
8. Your evaluation of your present offerings in required E.G.
course(s). (Cﬂc%?
Traditional 29% Desipn oriented /2%
Integrated 22 % Computer basedf £SS THAN 1%
otner NONE REQ 1%,

Any comments are most welcome. Please enclose a self-addressed, stanped
envelope for results.

53 ely,

L. W , Head Engr. Graphics

TH/nls
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Three letters mentioned previous

surveys:

1. "Results of our survey was that
no-one was happy with their -
present graphics program,” "In-
dustry has also indicated in our
area that graduates: are not well
founded in graphics and we are
considering redoubling our pro-
graJT] . "

2. mShould Engineering Graphics
remain a part of the formal B.
5. Degree curriculum? Yes =
92%. Amount of course work re-
quired? 2 or more two semester
hour credit courses.™

3. A well known person in Engineer-
ing and in the Graphics area
noted: "I ran such a survey
several years ago - average re-
quired 4.6 semester hours all
undergraduates and 6.9 semester
hours average for Mechanical En-

least two more items:

The survey should have included at
Clasgification of

the Engineering Graphics Department (sep~
arate service department or subsidiary
of Civil Engineering, Mechanical Engi-

neering, etc.)

- and were faculty teach-

ing Engineering Graphics full time, or
Jjust part time with main interest in

other fields.

Al1so any industrial ex-

perience and total hours credits in Engi-
neering Graphics instructors had received.

Conlusion: Surveys and summaries

require much more effort than imagined

before starting same.

If moved to at-

tempt ancther, may we please be lucky

and sprain both ankles instead.

Many

thanks for the 74% returns and especial-
ly the many letters.

ENGLISH

gineering students.”
T0 81

A REPORT OF THE METRICATION COMMITTEE

The following bibliography was furnished
by Ed V. Mochel, chair of the Metrication

committee.
of the Journal.

This column is g new feapure
Contact Ed if you wish

to contribute.

1.

ASTM Standard for Metric Practice
E380-79, o#.00, Amerlican Soclety for
Testing and Materials, 1916 Race Street,
FPhiladelphia, PA 19103

ASME Orientation and Guide for Use of
8I (Metric) Units, 8th ®d., 1978,
E0O0082, American Soclety of Mechanical
Engineers, $2.00, 345 E. 47th Street,
New York, New York 10017

Metric Screw Threads - M Profile, ANSI
B1.13M-~1679, $10.00, American National
Standard Institute, 1930 Broadway,

New York, New York 10018

The International System of Units,
K. A. Mechtly, 1977, $1.20, Stipes
Publishing Co., 10 Chester Street,
Champaign, Illinois 61820

ST Metric Units: An Intreduction,
H. ¥, R. Adams, 197k, 33.95, McGraw-
Hill Book Co., 1221 Avenue of the Am-
ericas, New York, New York 10020

Recommended Guidelines for Company
Metrication Programs in the Metal-
working Industry, HS1-1066, 1974,
$6.50, Society of Automotive Engineers,
400 Commonwealth Drive, Warrendale,

PA 15096

10.

i1.

12,

13.

American National Metric Council
Metric Editorial Guide, 3rd Ed.,
$1.75, American Naticnal Metric Coun-
cil, 1625 Massachusetts Avenue, Wash-
ington, D.C. 20036

Metric Units of Measure and Style Guide,
$1.00, U.S. Metric Association, Inec.,
796 Alsmeds Street, Altadena,
California 91001

The International System of Units (SI1),
NBS Special Publication 330, Ci3:304a
$.50, Supt. of Documents, U.S. Gov-
ernment Printing 0ffice, Washington,
D.C. 20402

World Metric Standards for Engineering,
X. 0. Kverneland, $40.00, Knut 0.
Kverneland, 2990 Welch Road, Walled
Lake, MI 48008

Reference Handbcok for Proper Use of
Metric - 51 im Science and Engineer-
ing, R. C. sellers, 1974, $1.95,
Rcbert C. Sellers & Assoc., Inc.
Floral Park, New York 11002

Succesgful Experiences in Teaching
Metric, NBES Speclal Publication 441,
$2.30

Physical Meagurements and the Inter-
national System of Units, R. A.
Ackley, $1.75, 1970, Technical Pub-
lications, Box 17324, San Diego,
California, 92117
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Finding Stress and Deformation in a Shaft Graphically

When this paper was reviewed, the
reviewer commented that a college
gsophomore should be able to perform
the analytical and graphical tasks
presented herein. However, since

gome of us are involved in teaching
problem sclutions for engineering

to college freshmen and to engineering
technology majors, 1t ig felt that
this material may refresh our memories
and offer a few more possibilities in
this area.--Ed.

LYNDON C. BARTON
E. I. DUPONT DE NEMOURS & CO., INC.
WILMINGTON, LE
INTRODUCTION EXAMPLE

Frequently, the amount of stress or . Th? steel shaft QBCD shown_in Figure 1
deformation in a segment of a shaft (or is subjected to torsional loading at A,
gtructural member) subjected to multiple B, €, and D, Determine the resisting
loading is of paramount importance to a torque, shear stress, and angle of twist
machine or gtructural designer. in segments AB, BC, and CD.

The standard appreach used to determine PROCEDURE
guch stresses and defeormations is to di- )
vide the shaft intc individual segments 1, Determine the unknown resigting torque
according to the applied loads and analyze 1, from algebraic sum of clockwise (CW)

cach segment as & free body. But this and counterclockwise (CCW) torgues,
approach can be fedious parsicularly if assuming that clockwise torques {(look-
several loads are involved. On the other ing from right to left) are positive
hanq, 1t 15 not uncommon for ?he unwary and counterclcckwise torques are nega-
designer, in an effort to avoid the free tive Fquating O torques with COW
body approach, to apply the wrong loadings ' ;

for segments being analyzed. torques, one obtains

SCOFE Tp* Ty = Tg* T4

This paper describes a quicker and T = 50,000+5,000-35,000
more positive approach to the solution of .
the multi-loaded shaft problem, in which = 20,000 in-1b

use is made of a graphical technique, simi-

lar to that generally employed in the de-
velopment of shear diagrams in beams.

This technique is best illustrated in the
following two examples where the stresses
and deformations in shaft sections are
determined for torsicnal and axial loadings.
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2. With all positive and negative
torques completely defined, develop
a modified load dizgram (Figure 2)



T, 35,000 in-1b

4"y

G270

T,.=5,000 in-1b

=y
T.= 50,000 in-1b

~

) | "
]—16 in.~—»tw——0 16 in., —— .a>vwe— 18 in.
FIGURE } ~ LOADED MEMBER

T T
' !
!
o s

B : Ty

FIGURE 2 - MODIFIED LOADING DIAGRAM
30,000in-1b ° | ¢
0 in=1b a

~20,000in-1

45,000 in-1b

FIGURE 3 - TORQUE DIAGRAM

for the shaft ABCD, showing the torgue

loadings TA , TB , TC y and TD at

points A, B, C, and D as concentrated
loads at those points {(Figure 2).

Starting at the left end of the
shaft, draw base line ad for torgue

diagram (Figure 3) under the modified
loading diagram.

The torque T, is down, so draw aa
down to scale to represent the torque
at A (5,000 in-1b).

Since there is no other torque until
Ty, draw ab horizontal so that b is

in line with TB.

TB ls upward, so draw bb upward to

10.

scale to represent Ty (35,000 in-1b}.
Since there is no other torgue until
Tny draw be horizontal so that ¢ is

in line with TC'

T acts down, so draw cc downward to
scale to represent TC(SO,OOO in-1b).
Since there is no other torque until
Tp» draw cd horizontal so that d is
in line with Ty

Ty is upward, so draw dd upward to
scale to represent TD(ZO.OOO in-1b).

The torque diagram should now be
closed.

ENGINEERING DESEGN GRAPHICS JOURKAL Winter 1981 / 49



DETERMINATION OF SHEAR STRESS

Now that the torque diagram is com-
plete, the resisting torques in the vari-
cus segments of the shaft can be readily
vigualized from the graphic information.
For example,

Torque in segment AB (TAB)

L]

Torque in segment BC (TBC)

Torque in segment CD (TCD) = 20000 in-1b

Thus, the shear stress in each segment
ig obtained as follows:

P e ] (5000) (0.5) 32
T = —_— = Y
AB | J lpn T (1)
= 25,500
[ Te (30000) {(2) 32
TC: JEN—— = l‘L
LR I S ()
= 2390 psi
Te } (20000) (2) 32
T = — =
cD | 7 oD ﬂ(44 _ 24)
= 1700 psi

DETERMINATION OF DEFORMATION

To determine the deformation or twist
in each segment, i1t should be noted that
the shaded areas, bounded in part by the
base line ad, define the products (TL)AB.

(TL) g and (TL),p which are directly
applicable to the twist equation,

_ T L
G J'’
as follows:

5 =[TL} _ (5000}(6)(32)
AB A2 (1z x 109 7)(1.0)

= 0.025 rad. {or 1.45%)

g = [g%] = (30000)(16)(32)
BC (12 x 10°)( 7 )(&)
= 0.0016 rad. {or ©.09°}
_ [EL] . (20000)(18)(32]
CD Gllon (12 x 108 ()Y - 2

n

0.0013 rad. (or 0.07°)
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5000 in-1b

30000 in-1Db

BXAMPLE 2

The steel shaft ABCD sghown in Figure 4
is subjected to axial loading at points A
B, ¢, and D. Determine the axial stress
and deformatlon in each segment (AB, BC
and CD)

PROCELURE

As one might assume from the analogy
between angular and linear deformation
expregsions namely,

g e oelE]

The solution procedure for this example
is the same as that used in Example 1,
except that in order to develop the
modified loading diagram {Figure 5), it
is necessary to assume that forces di-
rected to the right are positive and up-
ward, and forces to left are negative
and downward.

Accordlngly, the force diagram
{Figure 6} ig developed and the effec-
tive loading for the various segments
namely, FAB’ FBC' and FCD are readily

obtained. Thus, the required stresses
are:

. P71 _ (4000
AB [A:IAB (0.?85)(0;?5)2

= 9059 pei

O = [_j;] _ (6000)
¢ BG  (0.785)(0.5)%

29,573 psi

[}

s} = i = {1000)
P [A]CD (0.785) (0.25)*

H

20,382 psi

And the required deformations are as
fcllows:

85 = [EL] - {4000)(6)
ARl 4 (0.785)(0.75)%(30x20°)

= 0,0018 in.

5 = [&] _ (6000)(16)
BC RE] B 10.78%)(0.5)%(30x10%)

= 0.0163 in.

5 - [;gﬁ _ {1000)(12)
cD AEl op  (0.785)(0.25)%(30x10%)

* 0.0082 in.



5,0001b

2,5001b
o 1,0001b
1/2",6 1/4"5 G——a-
—
5,0001b 2,5001b
e >
16" - 12" —p—

A

]
FIGURL 4 — LOADED MEMBER | [
‘ g

FB=10,0001b

l-
1 ! !

FC=Sf0001b FDEIJOOOLb

;

i

! 1 E
E 1

|

FIGURE 5 — MODIFIED LOADING DIAGRAM

T

4,0001b a

0 1b a
1,000 1b
FIGURE 6 ~ FORCE DIAGRAM
NOMENCLATURE G - Mcdulus of rigidity (for steel,
¢ = 12x10° pei)
A& - Area of cross-section (in.2) . .
J - Polar moment of inertia of

E - Modulus of elasticity (for steel, cross—_section (in4)

E = 30x10° psi)

L - Length of gegment (in.)
c - Distance of outer fiber from .
neutral axis {in.) T - Torque (in-1b)
- Force (1b)
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QREEX SYMBOLS

8 {theta) - Angle of twist (radians)

§ (gelta) - Deformation (in.}

T {tau) - Shear Stress (psil)

O (sigma) - Tensile or compressive
stress (psi)
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GRAPHICAL SOLUTIONS
IN STRUCTURAL DESIGN

KART, RAETHE
QUEENS UNIVERSITY
KINGSTON, ONTARIO
CANADA

It may be argued that graphic statics
and vector analysis is superseded by
mathematics until one discovers that
no analytical solution can match the
simplicity of graphical solutions for
statically indeterminate structures.
Accurate mathematical solutions for con-
tinuous beams and frames are complex
and unpopular. Even the national
design codes recognize this and approve
of approximations and simpliried for-
mulas, the use of which by a novice
without a sound professional Jjudgement
can be dangerous congidering the infi-
nite variety of span length combinations
and loading conditions possible,

In spite of this fact the author
knows of no textbook which covers
these simple graphical methods which
he used during many years of profession-
al practice in siructural engineering
design, checking, znd Dreparing compu-
®r input data. Much of it was developed
from memories, from notebooks made ih
European schools during the earlier
part of this century and frem experience.
A two-part article on the subject exists
in the Engineerings News Record of May 4
and June 1, 194479y D.B. Steinman, the
only reference sofar discovered.

All of the exercises may be checked
by simple geometry. The formulas used
are known as handbook data or developed
from such information to support the
geometry which could stand entirely on
its own without such gsupport. It is
provided for the benefit of those who
prefer te follow the procedure along
algebraic lines.

The degree of restraint or fixity at
the different supports or junciions of
a continuous structure is the result

P

¥

CLOSING LINE

(f*) FI1G 1a {,:)

L]
X

CLoGING LIN i

FiG. 1b

— My,

My

FIG. fc

of the interactions cof all its members
in proportion to their regpective stifr-
ness relations.

Copyright (o) K. Raethe, 1981
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The solution regquires two steps: A=%4sM=2%s {(_MA) + (_MB)} .
1. To find +he fixed-end moments at Since
the supports for each independent (_MA) M
single span (covered in this (_MA} s=Mb ; = —
article). b 8
and
2. To balance or distribute the (_MB) M
moments so arrived at over the (-MB) 8 =Ma H -
a 8

whole system to achieve static e
equilibrium (covered in a second . .
article.) we may use the graphical solution shown
in Figure 3 instead of drawing a vector
FIXED END MOMENTS

diagram.
For a single point load on a simply-
supported beam asg in Figure 1z the bending
moment diagram is a triangle of positive
bending-moments having an altitude of P
M and a base of s. a 8 o
R ¥
TFor such a beam having fixed-ends FA*WJWﬂ,ifmmmmm"_ma . e ° -
the effect of the fixed-end moments is c A
represented by a bending-moment diagram
that ig a trapezoid of negative moments i ‘l £
only {Fig. 1b). 5 u_“’ = x
: M b Pab !
{(-My) = — = :
A " s2 0
2 FIe.3a
M a Pa" b
(M) = — = ——5—
B . s2
S The familiar example of a single con-
ince P b P a centration in the centre of the span
(RA) - and (RB) - (Figure 2) is self-explanatory where
s <] P s P s Pes
(M) + (M) = — +— = — .
we egstablish the relation 8 8 4
(_Mﬂ) (RA) ("MB} (RB) Figure 4 shows some other geometric
= - gnd = ——, relations indicating different approaches
M P M P to graphical sclutions of the problem.
1. The diagonals A-F and E~B are
p the influence lines for (—MA)
% % and (—MB) regpectively therefore
A v B we find R-m and Q-n.
5 2., T-A-H and n-E-0 are similar tri-
angles giving (—MA) and so are
g T-H-B and 0-F-m giving (—MB).
= % dw This similarity also proves;
[ —_ — zm )
| ‘ 1 ‘ iy ¥ :I.., *
! | I e A
H : X
¥ Y
A H
FIG. 2 P
: il Jla
Conclugion: 1In a vector diagram using AN
‘M' instead of 'P’, the closing line will £ -
——C .
divide 'M' into (-M,) and (-M.), Fig. lc. Hewe | SHONW 6 4, A4y
. A B AS REACTIONS OF ‘W’
Further, it can be seen that the areas of

the triangle and the trapezoid are gual.

F1B6. &
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3. the interssction of lines E-H and
A-0 at 'G' and of lines H-F and
B-0 at 'X' are points on the clos-
ing line which is established by
extending G-X to n, producing
(-M,) and to m, producing (-Mg).

Note that line E-F must be parallel to
line A-B.

The graphical solution for two con-
centrations is shown in Figure 5.

1. Draw the moment diagram
A-B-H-G-A for the simple
supported span. Extend G-H

to E and F.
2. Draw either diagonzl E-B or A-F
or both.#*
R ;
a b ¢
i / 7
A B
£
B
5 . ﬂ/ |
i T\‘ £ E; T z
T .
-+ 7%
H
£ 6
FIG. 5§
L LINE
FiG. 5a

3. Each of these altitudes may now
be handled separately as shown
in figure 3 and the 2 parte
(—MA) and (—MB) added together

at their respective locations.
The closing line ¢-D completes
the moment diagram for the fully
fixed beam.

#* With only one diagonal: E-B pro-
duces altitude MPl directly ang MPB
equalg K-H, or A-F produces alti-
tude MP2 directly and MPl equals J-G.

4. The two part-moment altitudes
MPl and MP2 may be considered as

forces, A force diagram is drawn
a8 ghown in Figure 5a. The clos-
ing line of the resulting force

polygon transferred back into the
force diagram divides M

p1 ¥ Mpy
into {—MA} and {—MB).

With two forces on a simple supported
span the moment diagram is a quadrilateral,
or, in the case of 2 equal loads sSym-
metrically arranged, a trapezoid. If each
load is considered separately, the alti-
tudes of the two moment triangles to-
gether are equal to the sum of the two
fixed end moments if the beam is fully
fixed.

The same principle also holds true
for any number of concentrated loads on
one span. The sum of the several zlti-
tudes of the part or component triangles
is equal to the sum of the two fixed-
end moments. This fact also proves to
e a simple analytical solution: (See
Figure 6),

a
(- A) + (-MB) =1 11,7272 2, ete...
s 5
2 2
2,D a P, b,"a
(-M,) = L 12 1,22 % Z 4 ete
s 8
2 2
P, b, a P, b, a
(M) = ALy B2 2 o
5 s
OB PR
y y
A B
a, by —
Az by
LTS by .|
5 3
FIG &

Figure 7 shows the special case of 2
concentrated loads of egual magnitude ar-
ranged symmetrically.

R R

A7 f B

Mg
—
~Mg
a

F
“MyaM; w M, = M, = P-'l_;ai-_b)
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With more than two concentrations
on a span, the extension of diagonals
or circumscribing construction lines
becomes an important exercise and the
part-M-triangles are found as shown in
Figure 8. The “%reatment of the M-alti-
tudeg as forces seems more efficient
in this case than solving every triangle
separately.

We first consider the beam "simply
supported", construct a force diagram,
and the resulting force polygen is our
moment diagram.

Next we need the part moment alti-
tudes Mp, to MP5 . Figure 8 shows a
convenient procedure. IT Pl were the
only force on the span, MPl would be the
altitude of the M-triangle., If P,
were the only force, MP2 would be the

altitude of the M-triangle and so on.
The part-moment altitudes Mgy to MP5

in Figure 8 are then assumed ae forces.
A Force diagram is constructed and the
closing line of the resulting force

/

M,
] TC MPE
AS FORCES

FIG.8

polygon transferred back into the force
diagram divides the sum of the part-mo-
ment altitudes into (-MA) and (ﬂMB).

These can be measured and placed in the
proper location in the moment diagram
which may now be completed by drawing
the final closing line.
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DASHED LINES SHOWING
THE EQUIVALENT
MOMENHT TRIANGLE

FiG. 9

The problems of uniform, partial
uniform, triangwlar loading conditions
and others may be sclved by finding
equivalent concentrated loads to be
placed at such points as to produce the
required M-altitudes. 1In Fig. 9 the
known sum of the fixed-end moments
2Ws

12 ¢
center of the span to produce the
same result:

A single force in the

2W s XWs 2

—_— X =-

12 L 3

The single lcad in the centre of a uni-
form load is then P = 2W/3 and at the
ends of the loading Py = W/6 each.

The forces at each end produce no moment
if the load is over the whole span. They
do however in the case of uniform load-
ing over part of the span. (Figure 10).




The outer parts of the moment curve,
from the ends of a partial uniform
lcading to the adjacent supports are
straight lines; under the uniform load-
ing the curve 1s a parabola. Figure 10
shows the uniform lozding and its equiva-
lent single loads which replace the
uniform load. The concentrated loads

on the span may then be sclved as shown
in Figure 8.

W

.
. $/y N 5,sw -
Yiaw YW
A 5
‘ ISR
I
N
F TN 5
Hl%‘ “’\
FIG. 11a

The loading condition shown in Fi-
gure 1la may be replaced by a single
concentration of 3W/6 in the centre of
the span.

A /,/’/ZD\\\\\ -

FIG. 11b

Figure 11b shows the same kind of
loading over part of the span only.
The line of the moments is straight
from the ends of the loading to the
ad jacent supports respectively.

.

FIG. ¢

From Figure 12a it may be seen
that if the graphical solution is to be
applied to unsymmetrical triangular loads,
a single concentration must be placed at
0.6 of the base length of the triangular
lcad measured from the zero-end of the
load because in the case of Figure 12a;

( ) ( ) W s (Wés W s )
-M + (-M e G .
A B & 15 10

W s W s W s W s
— = ,6 of — and - = 4 of -—,

10 é 15 é

The single concentration at .6s would have
to be:

XW .be .68 Ws 1
e X =~ = 6Ghs,
8 6 1.44
W
. 6945 W ’
133103 I ¥ TN A 5w
A i B

A
+ .
_ diih v LS
. 5afs o
T
FI1G, t2a

—Hy AND -Mg ARE FOUND USING ANY OF THE
CONSTRUCTIONS SHOWN IN FIGURES 3 AND §
WITH A SINGLE FORCE OF -6945W AT .65

The exercise becomes important in the case
of Figure 12b because the mathematical so-
lution is not as simple as in Figure 12a.
In Figure 12b single substitute concen-
trations are reguired at the ends of

the distributed load. Their magnitudes
can be figured from Figure 12z, where for
a simple supported beam the reaction
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at A = W/3 and at B = 2W/3. With .6945
at .6s away from 'A’

L6945 W Lh4s
A= —~——— = 2778 W
8

The difference between .3333 W and
.2778 W is .0555 W = the substitute
single load to be applied at the zero-
end of the triangular load.

L6945 WL bs
Bre — = W67 W .
S

The difference between .6667 W and
167 W ois L2500 W = the substitute
single load to be applied at the maxi-
mum end of the triangular load.

[
Tﬂl A . 055W

By BUAEW
Ba-asw

1% R R B

FIG.12b

A in Fig.iza)
L. TS
x

)

[ a=)

b oorgi= 5 EL_UAI. QLACES
e e
*b in FIG.12b; 8" in FIG.)2a

FIG.12¢

The line of the moments under the
loading in Figures 12a and 12b follows
the proportions shown in Figure iZc.
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FIG6.13a

10 E;UAé ﬂgadgs

FI1G.13b

The leoading conditions shown in Fi-
gures i3a and ¢ may be solved as shown.
The moment line follows a curve with
the proportions shown in Figure 13b.

W2 7
W X ] Paw
a:. 17 1
¢
b [4

~|€

—MA

FI1G6.13c

~iz

>
B

-~




Any loading condition may now be
arranged in sets of single concentra-
tions and solved as shown in Figure 8.
An example is shown in Figure 14,

]

.6a 4 P
W; | - » w, ¥ 87
[ ™
A = l&wa_
"twaL 7E P W,
- \__fzf?!avs‘m P e,
T vy 3 gz 5w
i 4
Lo
= :i::Z:EE:ﬁ—‘w_Hﬁ S
[ ] ’/7’ o Yo, | )
%_‘_g < 1 %]
B 32222 ] "] ForcEs
<]
74&357
L1

My
Do e T

Mg
¥ o

COMPQONENT

r ‘M- ALTITUTES
AS FORCES

N
FiG.14

Couples: After constructing the
moment diagram (Figure 15) A-C-E-F,
line C-E is extended to 'D* and 'B'.
Triangle A-B-C establishes the posi-
tive component altitude G-C. Triangle
D-E-F establishes the negative compo-
nent altitude E-H. The two altitudes
are shown as forces in the lower dia-
gram: (G-C) minug {H-E}. The closing
line L-0 in the force polygon is
shallower than O-E thus indicating

A . B siean atw anpe’
[Fosr GMPLE SyePORTED BEMM
(OWER o’ aHD T)

{~) SHEAR UMDER &

-m

Llog)y Lie

Lo

&

za

FEG .15

ARALLEL TO
CLOSING LINE

that My is positive, If 'L' falls

in between 'G' and 'E', both are
negative. G-I in the force diagram
is egual to A-K in the mcment diagram
which represents (—MA), and L-E in

the force diagram is equal to F-J
in the moment diagram which represents

(+MB).

S
]
o
oE
I

[]

A/% B

#70 €~y

)

<0 Ch

FIG. 16

As the couple moves closer towards
'B', My becomes negative reaching

maximum with the uplift forece directly
over 'B'.

An interesting case provides the
condition shown in Figure 16 with a
pair of couples on one span. The mo-
ment diagram for the simple-gupported
span A-B-C-D-E-F-A changes signe three
times. The altitudes of the component
M-triangles are found by extending F-E
to J and X, E~D to L and M and I-C to
0 and N. They are repregented by §-F
(positive), S-E (negative), R-D {posi-
tive) and T-C {negative) in the Fforce
diagram. Starting with Q, the flow
of forces in the diagram commences
Q-F-5-E-R-D-T-C. The distance -V in
the force diagram establishes the magni-
tude of («MA) and is transferred into

the moment diagram represented there by
A-G. The distance V-C in the force
diagram establishes the magnitude of
(+MB) and is transferred into the moment

diagram represented there by H-B. The
distance @-C in the force diagram is the
sum of the altitudes of the component
M-triangles for the simple supported
beam which must be egual to the sum of
the 2 fixed-end moments of the beam
with fully-fixzed end supports.
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Below are two solutions which arvived after
the fall issue went to press.

-

D T O —
" FIGURE |
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FIGURE 2

Figures 1 and 2 are from Walter N. Brown of
Santa Rosa Junior College, Santa Rosa, Califernia,
and addresses the spring issue puzzle {which he
also contributed):

Given: Adjacent orthographic views of two
skew Tines is general positions and

of general lengths.

An orthographic view{s) such that
the apparent lengths of the given
lines are of a specified ratio
{such as 1:% as used in Walter's
example below).

Determine:

Walter's solution:

“(See Figure Two) Project a view where both
lines are true length. Uging one true length
projection as one edge (G H2), construct a Erae
size plane which will have a second side {G2Y?)
that is parallel to and equal in ;ength to the
other true length projection (EZFZ}.” The third
side of the plane is then divided into the desired
proportions and a_line is projected through this
dividing point (22} and the opposite corner of the
plane (G2), The fold line 2/3 for the desired
projection is positioned perpendicular to this
projected Tire (G2Z2) and the required view is
projected in the third auxiliary view. Note that
the proportions of projected lengths can be any-
where from 1:1 to 1:0 with the skewed lines taken
in any order."

—_—

Figures 3-5 are another solution to our
faithful friend the Perpiexahedron. (See EDGJ,
Yol. 43, No. 1 to VoT. 44, No. 3. They are from
Dick Leuba of North Caroline State University and
date to April 30, 1979, but were not in a farm
"intelligible to others" {Dick's descriptidn, not
ours) until now.

Dick's solution (a gquotation):

1. The Perplexshedron (EDG Journal, Winter 1979)
is5 a multifaceted solid sided by eight,
identical, 457 right triangles, Fig. 3. The
object is to draw two principal views of the
perplexahedron. Simple analysis reveals, how-
ever, that for a given lemgth, AD, the
essential dimension, m, is unknown, and with-
out m the principal views cannot be drawn.

2.

Because of symmetry, it is sufficient to ana--
lyze only two adjacent triangles te find m.
The two selected are ABC and BCD in Fig. 3.

w2

s i

FIGURE 3

Veeolexanenrou

Although the solution, Fig. 5, is accomplished
conveniently in two orthoéraphic views, the
procedure, for convenience of illustration, is
described refarring to the isometric picto-
rial, Fig. 4.

In Fig. 4, two 45° right triangles (dashed
lines), initially lccated in the Y-% plane,
have a cormon vertex, C'. This vertex, C', is
progressively translated in the X-7 plane
perpendicular to axis Z, until the "B"
vertices, themselves tracing curves in the Y-7
plane, meet. (The whole concept is easily
demonstrated, in 3-dimensional space, using
mugually perpendicular planes and a pair of

457 triangles representing sides of the
perplexahedron. }
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FIGURE 5 DuscaipTive
GeomeTry SowuTian
To PexpexbHEndon

The trajectories of B,'B and By'B, labeled r
and s, respectively, cross at B. The distance
BH is the sought dimension, m.

To illustrate in detail, triangles AlBl'C‘ and
By 'C'D" will be takern through one cycle, and a
first pair of points, By" and B;" will be
found on trajectories s and r, respectively.

On plane X-Z rotate C' about D' an arbitrary
distance to C,". Next translate line D'Cy" din
the 7 direction until it assumes the position
D"C". ©Draw the perpendicular from D'"C",
through C", in the ¥-Z plane, locating E on
the Z axis.

On the Y-2 plane, find B," at the intersecticn
of the perpendicular tc Z from E and an arc of
length D'By' (hypotenuse of the right tri-
angle) with center at D". The triangle, orig-
inally at B;'C'D', is mow at B,"C"D".

Next, reposition triangle A'B;'C' by rotating
C' in the X-Z plane about A' as center until
C' reaches C;" on an extension of the line
C,"C". Translate the line A'Cy", in the Z
direetion, to the position A"C".
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10.

11.

12.

13.

14.

15.

Construct the perpendicular bisector of line
A"C", giving FG. locate Bl” at the inter-
section of the perpendicular from G, in the
Y-Z plane, and an arc of radius A'Bl' (side of
the right triangle) with center at A".
Triangle A'B;'C' is now at A"B"C".

Proceed in l1ike manner, finding further points
on the generated curves, ¥ and g, until the
curves intersect, Point B, Fig. 4,

The sought dimension, m, is the measured
distance to the Z-axis, BH,

Due to symmetry, the distance C'C is ancther
measure of m.

The procedure ocutlined above may be confirmed
following the same points—many of them
labeled--on the orthographic views of Tig. 5.

If the sides of the right triangles are
assigned unit length, then m will measure
0.618....

Finally, knowing m, it becomés possible to
correctly consctruct the principal views of the
perplexahedron, Fig. 3.

In the meantime here's a filler:

Given: Four unlimited-length skew linas in
general positions and specified as
spherical tangents

Determine: The sphere defined by the given
tangents.

‘See you in the spring issue.

Pat




ANNUAL MEETING

MARGARET ELLER
L3U (RETIRED)
BATON ROUGE,LA

ENGINEERING -- INDUSTRY OR ACADEMIC?

A unique situation will take place both are inveolved in projects, in which '
during the week of June 21-27, 1981, when Joint effort might produce faster and
ASEE and BWE (Soclety of Women Engineers) easier, if not better, results, The
will hold their annual conferences in event has alsc been endorsed, or co-
Log Angeles. The University of Southern sponsored by other committees and Divi-
California campus will be the site of sions of ASEE: e.g. Relations with In-
the ASEE conference the first part of dustry, Liberal Studies, and Engineer-
the week, Sunday through Thursday; ing Design Graphics, Attendance, how-
SWE activities will begin on Wednegday ever, is not limited to members of the
and continue through the following sponsoring and co-sponsoring units.
Sunday at the Disneyland Hotel. Not
only will it be easier for those who The program will consist of dis-
belong to both societies to attend cussion led by experts bn chosen topics,
both conferences, but it is entirely and attendees will be invited to parti-
appropriate that a joint meeting take cipate in the program, as well zs in the
place so that members who belong to wine and cheese refreshment.
only one of the gocieties can meet :
members of the other. The scheduling of the two annual

conferences during the same week in the

To that end, the Wemen in Engineer- same city is indeed unusual, and it
ing Committee of ASEE, and the Women may never happen again. For that rea-
in Academie of SWE have arranged a gon alone, the situation should be
"meet and greet" event on Wednesday recognized and celebrated by both societies.
afternoon, June 24, 1981, at USC. Both
of the sponsoring committees (WIE and MARGARET ELLER

WIA) have been active in Career GQui-
dance and Professional Development, and

MEMO surr crove) vy susscrreraon wow

Name

Malling Address

City and State

Zip Code

@ Yearly subscription rates:

- U.S. 1 yr. 2 yr. 5 yr.
Canada ASEE members § 3.00 $ 5.00 $10.00
Mexico Non-members 5.00 10.00 25.00 MAIL TO
Foreign 10.00 20.00 -—-
l - Engineering Design Graphics Journal
Amount Enclosed § Jehn T. Demel, CIRCULATION MANAGER

The Ohio State University
2070 Neil Avenue

Columbus, OH 43210
Please make your check payable to: Engineering Design Graphics Journal |
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Time-honored texts in engineering graphics that

keep pace with the times!

Engineering Graphics:
Communication, Analysis, and
Creative Design, Fifth Edition

by James S. Rising and Maurice W. Alm-
feldt, formerly lowa State University, and
Paul S. Dedong, lowa State University
1977 /448 pages/Paper/$12.95

ISBN 0-8403-1593-7

The fifth edition of Engineering Graphics offers
an integrated introduction to technical drawing
as used by engineers, draftsmen, and techni-
cians in industry today. Engineering Graphics
covers a broad range of topics in basic drawing
principles, descriptive geometry, and creative
design, with new coverage of visualization and
metrication, and many updated iliustrations and
new problems. All in all, it's the kind of text to
choose for your beginning engineering drawing
course.

e ——————— SRR e

Please send me a copy of

Engineering Graphics by Rising et

al.

Engineering Graphics Problem
Book by Sanders et al.

for adoption consideration

for 30 days' free exam. (| understand
that | may return my copy within 30 days
without cbligation.)

Engineering Graphics Probiem Book
by C. Gordon Sanders, Cari A. Arnbal,
and Joe V. Crawford, lowa State Univer-
sity

1977/126 pages/Paper/$8.95

ISBN 0-8403-1658-5

Widely adopted for almost 20 years, the revi-
sion of this popular problem book contains the-
oretical and practical application problems on
the fundamentals of graphics and descriptive
geometry. Flexible format and logical progres-
sion of material make the text a valuable prob-
lem book to be used in conjunction with a basic
graphics course for freshman engineering stu-
dents.

v W SR S v A e e e AN St A w8

Name

Dept.

School

Address

City State/ZIP

Kendall/Hunt Publishing Company

KiH

2460 Kerper Boulevard

Dubuque, IA 52001

F79-316a
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