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G. F. Pearce Professor, Faculty of Engineering, University of Waterloo, Canada

Two Intersecting Perpendicular Lines (redm.;a’dj Space Diagram {reduced)

A unique and innovative approach to teaching engineering graphics. Developed through classroom use over a number of
years, this text emphasizes the comprehension of engineering drawings in order to give the student a sound background for
reading and interpreting drawings, and for using descriptive geometry to solve engineering problems involving three-
dimensicnal space.

The fundamentals of graphical analysis are developed and the basis of engineering drawing is explained. The principles of
orthographical projection are used in most instances but other projections such as isometric, oblique, and perspective are
also considered in the text.

To facilitate the visualization of a three-dimensional shape that must be graphically represented on a plane, Professor
Pearce has introduced two-color line drawings which, when viewed through two-color filters, produce a three-dimensional
image. The three-dimensional representations are accompanied by the appropriate two-dimensional engineering drawings,
giving the student a readily accessible reference to help him understand drawing techniques and uses. This is a valuable
teaching aid and replaces the standard desk models which have limited individual accessibility. Additional aids for
classroom use are the problem sets at the end of each chapter and the durable spiral binding which allows the book to lie
flat at any page. Two pairs of red-green colored plastic glasses are supplied with each text,

372 pages $17.895 Spiral Bound

ek C@pgeg may he Supp”ed if serious con- F?!?Sgefsegg gni:gineen‘ng Graphics and Descriptive Geometry in 3-D
sideration is being given te a purchase of 15 or

more copies. We reserve the right to use our INa;_’Et_ -
. . A . . ns on

discretion in supplying desk copies. Address

Pisaze nofe we are not affiliated with any . I'am considering adopting O requiring £1 recommending (1 this book for

American publisher of similar name. Send all Course No..

orders to- Enrolment —_—

70 BOND STREET,
TORONTO, ONTARID,
CANADA MEB X3




Piercing points
of lateral edges

Observer's line
of sight.—
intersecting plane
seen as an edge
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Steve M. Slaby, Princeton University
Here's d revised new edition that will help your
students think graphically and visualize spatial
relations. By using a unique two-color presenta-
fion, it dramatically brings out the three-dimen-
sional aspects of figures.

Like its highly successful predecessor, this book’s
stvle and format make three-dimensional descrip-
tive geometry easier for you to teach and easier
foryour stucdents to leam. Slaby presents basic
theoreftical principles in a carefully organized
waly. . with clear, direct expianations.

And the second editicn alse features:

® A chapter deadling with the application of
descriptive geometry to real-iife problems in areas
of engineering and architecture

@ S| systern of measurement employed in half the
problems

@ Numerous practical applications shown through
orthographic examptes and construction
problems

# Quizzes, sample tests, and final examination all
with answers supplied so students can test their
knowledge of the material

@ Sclutions Manual with full size solutions to all
practice problems

Examine the Table of Contents and see why
Slaby's Second Edition is the right text for your
course.

MENTALS OF
DIMENSIONAL
PTIVE GEOMETRY, 2nd Ed.

Lateral edges

Contents: Principles and Basic Concepts of Three-
Dimensional Descriptive Geometry. Linesina
Three-Dimensional Space. Plane Surfaces in @
Three-Dimensional Space. Three-Dimensional Spa-
tial Relationship of Lines and Planes. Rotation of
Geometric Elements in a Three-Dimensional
Space. Location of Points and Tangent Planes on
Geometric Solids and Surfaces. Intersections of
Common Geometric Solids and Surfaces. Devel-
opment of Surfaces of Basic Gecmetric Solids. Prin-
ciples of Descriptive Geometry Applied to Three-
Dimensional Space Vectors, Principles of Descrip-
tive Geometry Applied to Selected Topics. Princi-
ples of Descriptive Geometry Applied to Practical
Problerns. Appendix. Bibliography. Index.

(0471 79621-2) 1976 416 pp. $14.50

Also available =

Student Workbook containing many applied,
classroom-tested problems and employving Sl units.
Each worksheet gives students plenty of work-
space. And you are provided with the solutions to
allworkbock problems.

04717962200 1976  160pp.  $6.95

To be considered for complimentary exami-
nation copies, wrile to Art Beck, Dept. A 8439,
Please includie course name, enroliment, aond |
fitie of present texd.

JOHN WNILEY & SONS, Inc.

405 Third Avenue, New York, N, 10016

in Canada: 22 Worcester Road, Rexdale, Ontario
Prices subject fo change without nofice. A 813012

To be considered for complimentary exami-
naticn copies, write to Art Beck, Dept. A 8440,
Please include course name, enroliment, and
fitle of present text.

JOHN WILEY & SONS, Inc.

605 Third Avenue, New York, N.Y. 10016

In Canada: 22 Worcester Road, Rexdale, Ontarie
Prices subject to change without notice. A8145-12



by James HEarle Texas A & MUmvers:ty

Descriptive geometry as a prob-
lem-solving tool and a means of
developing solutions to technical
problems. Earle uses real-life en-
gineering examples to aid student
motivation. Photographs of prod-
‘ucts and equipment demonstrate
applications of descriptive geom-
etry to various projects.
This second

have been completely updated.
A second color is used to high-
light significant steps and hotes
in the illustrations.

CONTENTS: Introduction to
Descriptive Geometry and Design.
Application of Descriptive Geom-
etry. Drawing Standards. Spatial
Relationships. Primary Auxiliary
Views. successive

edition features
St units through-
out, but does not
forego the use
of English units.
‘Statistical figures
for Chapter 1

Auxiliary Views.
Revolution. inter-
sections. Develop-
ments. Vector
Analysis. Analysis
of Design Data.
Appendixes.

Other Earle Texts:
Engineering Design Graphics,
Third Edition
Engineering Design Graphics
Problems 1
by Earle, Cleland, Stark, Mason,
Bardell, and Coppinger

if you would like to be considered for
complimentary examination copies
or wouid like more information,
write to Alfred Walters, Information
Services, Addison-Wesley. Please in-
clude course title, enrcliment, and
author of text now in use.

7\
\A A
Science & Mathematics Division
ADDISON-WESLEY PUBLISHING COMPANY
Reading, Massachusetts 01867
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your students?

ALL PURPOSE
GRAMERCY DRAFTING KIT'

Very Reasonably Priced & includes a'Long Lasting
Metal Case.

PO Instrument Set with Pen & Pencil Parts

P8 Gear Mead Divider

2150 Leadholder

K233 Pointer

7021 Eraser

T34 Draft Tape

187 Combination Mechanical Draftsman Scale

C3060 8" Triangle
C4590 6 Triangle
#80 Curve

180 - 6 Protractor
485 Circle Template
Screw Driver

Parts Kit

THE IDEAL KIT FOR EVERY NEW

DRAFTSMAN OR STUDENT! #G402 '
#G402

THE GRAMERCY CORPCRATION

P.O. BOX 9718, 1145 A WEST CUSTER PLACE CUSTOM ¥ITS ALSO AVAILABLE
Denver, Colorado 80223 303-777-2121 WITH THIS SAME METAL CASE.

QSE§§SSR learned to draw fast and

good by using the best materials...shouldn’t

|Creative Publishing Co

THE TEXAS AgM BUNCH (EARLE. DEMEL, BARR, ‘v\.lILKE,
TONDA, & BENTZEN) ‘HAVE A CCUPLE OF NEW PROBLEM
BOOKS FOR YOU, ORDER YOUR INSPECTION COPY TODAY!

sraphics for Engineers 3

Technical Illustration

BOX 82392, COLLEGE STATION, TEXAS 77840.
PHONE 713- 846- 7907

OUTSTAN
[o]f
VALYE NG
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ENGINEERING DESICGN GRAPHICS JOURNAL
is published - one volume per year,
three numbers per volume, in Winter,
Spring, and Fall ~ by the Engineering
Dasign Graphics Division of the Am—
erican Society for Engineering Edu-
cation, for teachers and industrial
practioners of Engineering Graphics,
Computer Graphics, and Design Graph-
ics, and Creative Design,

The views and opinieons expressed by
the individuwal authors do not nec-
egsarily reflect the editorial poliocy
of the ENGINEERING DESIGN GRAFHICS
JOURNAL or of the Engineering De—
sign Graphics Division of ASEE, The
editors make a reasonable effort to
verify the technical content of the
material published; however, f£inal
responsibility for opinions and tech-
nical accuracy rests entirely upon
the author,

Yearly subscription rates: TU.S.,
Mexico, Canada

1 yr. 2 ve. 5 yr.
ASEE members $3.00  $£5.00 $10,00
Non-membars 5.00 10.00 25,00
Other subscribers

10.00 20,00 50.00
Single copy ratess:
In U.S., Mexico, and Canada:
ABFEsrusssmcnrnnnsssassnnna-51,50
NOoN-Nemberse s iauesaneenrsnas 2,00
All other orders.......vnv.s 3.50

Back issues are available at single
copy rates prepaid and are limited
in general to numbers published
within the past six years.
Subscription expiration date (last
issue) is printed in upper right
corner of mailing label, W79 for
Winter 197%, 580 for Spring 1980, ete,

MICRCFORM COPIES

Microform copies of back issues are
availaple from University Mierofilms,
300 W.Zee Road, Ann Arbor, Michigan,
48106

ENGINEERING DESIGN GRAPRICS JDURNAL
OBJECTIVES:

The objectives of the JOURNAL are:

1. To publish articles of interest to
teachers and practioners of Engin-
eering Graphics, Computer Graphics
and 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 teachers of Graphics
to innovate on, experiment with, and
test appropriate techniques and topics
to further improve guality &f and
modernize instruction and courses.

4, Te encourage research, develop-
ment, and refinement of theory and
applications of engineering graphics
for understanding and practice.

STYLE GUIDE FOR JOURNAL AUTHORS

The Editor welcomes articles submitted
for publication in the JOURNAL. The
following is an author style guide for
the benefit of anyone wishing to contri-
bute material to Engineering Design
Graghies Journal, Tn order to save
time, expedite the mechanics of public~
ation, and avold confusion, please
adhere to these guidelines,

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

2, &1l pages of the manuscript are
to be consecutively numbered.

3. Two copies of each manuscript
are required.

4. Refer to all graphs, diagrams,
photographs, or illustrations in
your text as Figure 1, Figure 2, etc.
Be sure to identify all such material
accordingly, either on the front or
back of each.

Illustrations cannct be redrawn; they
are reproduced directly from submitted
material and will be reduced to fit

the columnar pade.

Accordingly , be sure all lines are
sharply drawn, all notations are leg-
ible, reproduction black is used throu-
ghout, and that everything is clean
and unfolded., Do not submit illustra-
tions larger than 8-1/2 x 11. If nec-
essary, make 5-1/2 x 11 or smaller
photo copies for submission.

5. Suvbmit a recent photograph (head
to chest) showing your natural pose.
Make sure your name and address is on
the reverse side.

6. Please make all changes in your
manuscript prior to submitting it,
Check carefully spelling, structure,
and clarity te avoid ambiguity and
maximize continuity of thought., Proocf-
reading will be done by the editorial
staff. Galley proofs cannct be sub«
mitted to authors Lor review,

7. Encleose all material unfolded in large

size envelope. Use heavy cardboard to
prevent bending,

8. All articles shall be written using
Metrig-SI units., Common measurements
are permissible only at the discretion
of the editorial staff.

9. Send all material, in ore mailing to:
Paul 8. DeJong, Editor
403 Marston Hall
Iowa State University
Ames, Iowa 50011

REVIEW OF ARTICLES

211 articles submitted will be re-
viewed by several authorities in the
field associated with the content of
each paper before acceptance., Cur-
rent newsworthy items will net be
raeviewed in this manner, but will be
accepted at the discretion of the
editors.

deadlines for author

DEADLINES FOR AUTHORS AND ADVER-
TISERS

The following deadlines for the sub-
missgion of articles, announcements,
or advertising for the three issuas
of the JOURNAL:

Fall--September 15

Winter—-December 1

Spring-~February 15
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EDITORIAL

Everywhere we hear and read about
the necessity of "going metric” in the
United States.

This Division generally and the
Journal specifically beth support this
effort, but support alone is not enough.
It seems natural that the Division and
the Journal should provide leadership
in this effort. Excellent articles
on the subject continue to be received
and definitely centribute to that
leadership. We hope that this proposal
reflects another aspect of some lead-
ership, in that it may not be the
first, but it is one of the few U.S.
periodicals using the "metric™ format
and perhaps the only one using '"retional
metric dimensiomns. The term "rational'
ig my own and does not imply the endor-
sement of any group. (or anyone else
in their right mind, for that matter)
The idea, so far as 1 know, is my
own-good or bad.

The dimensions of future issues will
be 198 mm x 280 mm, roughly eguivalent
to a metric size A-4. {see below table}

These dimensions preserve the
principal advantage of the metric format,
which defines a constant aspect ratio
(1: +2) when any given sheet size is
cut in half. Perhaps more important,
the length of this paper is short enough
to permit continued use of many exist-
ing printing presses, which cannot
economically produce 297 mm paper.
Finally, this size is selected to permit
rational (whole number) sizes of paper
throughout the A-1 to A-6 range of
sizes, whereas the metric sizes are
really approximations of the true size.

They say the turtle only pro-
gresses when his neck is out. Well,
ours will be out and we hope you like
the result. Either way, yvour comments
and reactions would certainly be

appreciate
Zif'“’ﬁ;'

A

s

s

(e

Paper "Furopean" "Rational"
Size Metric Metric

A-1 594 = 841 560 x 792
A-2 420 x 594 396 x 560
A-3 297 x 420 280 x 396
A-4 210 x 297 198 = 280
A-5 148 = 210 140 x 198
A-6 105 x 148 99 x 140

Engineering Design Graphics Journal

VOLUME 42
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Involved?

Want to become more persenally ine
volved (PI) in the Fngineering Design
Graphics Division? Jecin a Technical-
Professional Committee. Technical-Pro-~
fesrsional Committees are the means for
accomplishing what is sometimes in-depth
resgarch, and at other times, superficial
examination of guestions that arige in
the course of events, Not all committees
can be expected to be active all of the
time; but when a committee 1s active, the
committee members gain knowledge, and
when that knowledge is shared with the
Division members at annual and semi-annual
meetings, the Division members are also
rewarded. '

0Of the approximately 200 Division
members who have indicated that the EDGD
is their first cholce, a fair estimate
cf the number invelved in Technical-Profes-
sional Committees i1s in the neighborhood
of 50-75. Don't let a few have all the
fun! If you are not now invelved, or if
you wish to change your involvement to
another committee, or if you wish to join
an additional committee, drop a line to
the chairman of the committee in which
you are interested. The following list
of Technical-Professional Committees
contains the names and addresses of the
c¢urrent chairmen.
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Technical and Professional
Committees and Chairmen

GRAPHICS TECHNOLOGY
Professor Barry Crittenden
Division of Engineering Fundamentals
Virginia Polytechnic Institute and
State University (VPI & SU}
Blacksburg, Virginia 24061 (703) 951-6555

COMPUTER GRADPHICS
Professor Francis Mesillo
Department of Systems Engineering
University of Illinois at Chicage Circle
Box 4348
Chicago, Illinois 60680 (312) 996-2260

HUMAN FACTORS IN DESIGN
Dr. John Xreifeldt
Department of Engineering Design
Tufts University
Medford, Massachusetts 02155

THEORETICAT. GRAPHICS
Professor Mary ¥. Blade
Mechanical Engineering Department
The Cooper Union
Cooper Sguare
New York, Mew York 10003 (212) 254-6300

ENGINEERING DESIGN EDUCATION
Professor Mary Jasper
P. O. Box 155
Mississippi State University
Migsissippl State, Mississippi 39762

METRICATION
Professor Idward J. Mochel
bepartment of Mechanical Engineering
School of Engineering and Appliéed Science
University of Virginia
Charlottesville, Virginia 22901

TRACHING TECHNIQUES
Professor Larry D. Gess
Department cf Technology
Indiana State University
Evansville, Indiana 47712

FRESHMAN ENGINEERING
Professor Larry MHorthup
104 Marston Hall
Iowa State University
Ames, TIowa 50011 (515) 294-5933



Chairman’s Page

Anogene
Amarillo College

As Chairman of this Division, one
of the duties which I enjoy very much is
representing vou to Deans, Department
Heads, other Divisions of ASEE, and people
in industry. However, in much of my con-
versation with Deans and Department Heads,
I have found a very negative attitude to-
ward graphics. I have asked myself several
guestions: "Why is this? What has caused
these people to develop this attitude?
Have graphics teachers contributed to it?
If s¢, in what way have they contributed?
Can we do anything to change this attitude?”
I will let you attempt to answer the
guestions. However, I should like to sug-
gest several things we might do to improve
the attitude toward graphics.

We might present a positive apprcach--
toward ourselves, our colleagues, but more
importantly, toward our discipline. If
we like graphics, enjoy teaching the sub~
ject, and bellieve that it is an important
element of engineering education, we might
tell everyone about it. Who will think
it is important if we do not?

We might keep up with the changing
times, read the current literature on en-
gineering education, and anticipats the
trends. Let the suggestions for change
in graphics come from us rather than have
change forced upon us by Deans and Depart-
ment Heads of other areas of engineering,
Let us act; not merely react!

We might keep our courses current.
Choices must be made as to subject matter
to include in graphics courses. Such
subject matter should reflect teaching
concepts rather than merely how to draw

F. DeVaney

and dimension machine parts. What do I
mean by “concepts"? In a basic course T
have in mind the concepts of location in

a three-dimensional coordinate system,

of orthographic projection of points,
lines, planes,and sclids, and of spatial
relationships. Further, I mean the. con-
cepts of design. Errors have been made

in the past in teaching manipulaticn of
views rather than space and design concepts.
We have tried to make learning easy by
taking out reasons why=—such as, the
theory of projecticn. We must keep in mind
that to complete an engineering degree,

the student must have an I of about 120,
With such an IQ he may still have to
struggle. Most of ocur students have IQ
ratings of 125 and higher. We should not
diminish intellectural content of graphics.
Nor should we apoleogize when students

find graphics difficult and time-consuming.

We might try new teaching strategies
and educational technology. IHave you tried
PSI (Personalized System of Instruction)?
Have you developed an instructional system?
How long since you have designed new tests,
tried new types of questions? Have you
used video tapes to replace your lectures?
Do you use the computer to aid in clerical
work? Hawve you suggested to your Dean some
method to reduce the cost of teaching
graphics?

Let us all do some of these things I've
suggested. I believe the image of the
graphics teacher and the Division will be
improved, and Deans and Department Heads
will no longer say to me, "I need to up-
grade graphics at my school. I have
people who won't change. What can I do?"
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International Conference
on Descriptive Geometry

The INTERNATIONAIL CONFERENCE ON
DESCRIPTIVE GEOMETRY sponsored by the
Engineering Design Graphics Division,
ASER, in commemoration of +the fiftieth
anniversary of the Division will be held
in Vancouver, British Columbia on
June 14-18, 1978.

The General Ssssions of the con~
ference will feature four recognized
authorities on spatial geocmetry as
speakers. Two concurrent paper sessions
on Thursday cover topics on applications
of descriptive geometry, theoretical
graphics and the teaching of descriptive
geometry in universities outside the
United States. Most of the presenters
for the sessions will be from countries
other than the United States. On Friday
morning a session called "Breakfast with
the Bxperts" will give the conferees an
opportunity to discuss the topics which
were presented on Thursday.

On Friday and Saturday three work-
shops will run concurrently. A partic-
ipant would be expected to attend ocne
of the workshops for both days. In one
of the workshops the participants will
solve problems on the applications of
descriptive gecmetry and graph theory.
In ancther, on computer graphics, the
participants will be divided into two
groups-—-elementary and advanced. The
elementary workshop assumes no know-
ledge of a computer language. The work
of this group will consist of learning
to write simple programs for computer
display of graphical representation of
data. The advanced workshop assumes
knowledge of a computer language and
some work with computer graphics.

This group will work with advanced
technigques in computer graphics.

The participants in the third workshop
will design an instructional module
and consider the use of modules in
teaching engineering graphics.

At the conclusion of the workshops
the participants of each workshop will
consider how the topic of that workshop
may be used tc enhance the teaching
of engineering graphics and will make
recommendations in this regard at the
final session of the conference on
Sunday morning.

Individuals who are not members of
the Engineering Design Graphics Division
and would like to receive the official
program may do so by sending their name
and address to Dr. Clarence E. Hall,
Program Chairman, ICDG, 142 Atkinson
Hall, Louisiana State University,

Baton Rouge, Louisiana 70803.
Telephone (503) 388-2022.
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CONFERENCE INFORMATION.

Speakers on June 15: A.L. Loeb, Harvard:
A. Rotenburg, Australia; Paul DeGuise,
Canada; F.L. Almngren, Princeton;

L. A%ting, Denmark; H. Osers, Venezuela;
H. Niayesh, Iran; ¥. Charit, Israel.

Three Workshops on June 16-17:

1. Appilcation of Descriptive Geometry
to the Solution of Space Problems,
Mary Blade, Cooper Union.

2. Computer Graphics (Elementary and
Advanced), Robert LaRue, Ohio
State University.

3. The Design and Use of Instructional
Modules, Amogene DeVaney, Amarillo
College.

Conference will be held at:

UBC Conference Center, 2075 Westbrook
Place, Vancouver, B.C. Canada V6T 1W2,
Telephone (604) 228-5441

Lodging:

Rooms may be obtained at the Walter

Gage Residence Hall, UBC Conference

Center. Indicate if you want the room
through the ASEE Annual Conference.

All rooms single $12 (a change from $10.50),
husband and wife in two rooms $21, child $6.
Plus 5% tax. No credit cards. Pirst

night payable with registration by

April 25, 1978.

Registration fee:

$60 for Conferee and $2 for spouse.

The Conferee Registration includes

a copy of the Proceedings which will
be mailed to you after the conference,
material for one workshop, refreshments
at breaks, Danish and coffee on Friday
breakfast, and building and eguipment
costs at UBC. Programs will be mailed
February 1, 1978. Registration after
April 25, 1978, $75.

Dr. Amogene F. DeVaney, General Chairman
Box 447, Amarillo, Texas 79178 (806) 376-5111



Tim A, Jur

University of South Carolina

Mohammad Sarraf

A VISUAL AID FOR INSTRUCTION
IN ORTHOGRAPHIC PROJECTION

This brief note has to do with the
educational side of engineering drawing,
in.particular, those first and important
series of lectures on orthographic project-
ien. Students who are exposed to this
material for the first time usually have
to struggle a bit before they are able to
grasp the principles involwved. At this
early stage in the course, a liberal use
of visual aids can be very helpful. In
the following paragraphs a very simple
yet effective visual aid is described for
use in teaching orthographic projection.

Shown in the photograph below are
blocks of wood cut from the end of a 2 x 4,
No doubt many graphics instructors have
carried similar blocks or other objects

into the classroom with the various surfaces
identified as top, front and right-side
views. The blocks shown here, however,
are slightly different in that they are
designed specifically (a) for use with an
overhead projector and (b) for use in a
series of lectures, each covering slightly
more complex material. Use of the blocks
on an overhead projecteor is surprisingly
effective. The alternative is simply
holding a block in your hand and leaves
much to be desired. The block is small
and all but two or three in the audience
see an oblique rather than a projected
view. But once the views are projected
onto a screen, everyone easily sees what
they are supposed to see. A projected
view is really a projected view.

Wooden blocks of almost any config-
vration can be cut to suit the imagination
of the instructor. Those shown in the
photograph have been designed for use in
sequence. The first bleck involves only
straight lines, whereas the second intro-
duces holes, radii and hidden lines. The
third block is used to demonstrate auxil-
iary views. Together the three blocks
roughly correspond to the first three
lectures in the drawing course we teach
to freshman engineering students who
have arrived without a graphics back~
ground.
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James A. Hardell

Virginia Polyteclmic Institute and State Univ.
Blacksburg, Virginia

TESTING

STUDENT UNDERSTANDING

OF

THREE-DIMENSIONAL SPACE

After working with engineering graphics students
for the past fourteen years, one bhegins to wonder if
there is not some simple indication which shoves if
students are reslly understanding the visual three-
dimensional world rather than the standard sclutions
to the usual engineering graphics problems,

There seems to be a simple problen which does
indicate a student's ability to understand and ana-
lyze problems in a three-dimensional sense. It is
the problem of determining the angles an oblique
line makes with each of the principal viewing planes
(H, F and P) as shown in Figure 1.

A

m|IT

FIGURE 1
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A
! B

FIGURE 2

A

H
F

The student who has been taught to visualize
the mutually perpendicular reference planes will
readily know where they appear in true shape and
as edges in the principal views. He will alsc he
aware of where the principal planes will appear as
edges in the awdliary views. For example, the
student will be aware that an awxiliary view taken
off the front view to establish the true length (TL)
will also establish the edge view of the fromtal
plane (F) and thus give the angle between frontal
plane and line AB (8p) as shown in Figure 2.



Given this type problem, one becomes readily After the student understands the concept

aware of the student’'s difficulty in being able of where and when the principal planes appear as
to interpret the viewing reference planes if he reference edges, he should be involved next with
is wable to establish all three angles (8, Sf and solving problems dealing with real planes which
) without hesitation as shown in TFigure 3. If relate to the principal planes. A problem of this
e student has difficulty, it appears to be a type is showm in Figure 5.

reasongble indication that in first learning to
establish auxiliary views he has not had amphasis
placed upon developing a logical visual relationship , 1
in the spatial reference framework. Rather, he has e WO
been taught the mechanical method of counting two P

views away to obtain distances for establishing -

a given view. /

wall

FIGUEE 5

B

The problem is to determine the angles the
Line makes with the principal planes of attachment.
The student 1s now required to identify the side
wall as a profile plarne and the ceiling as a hor-
izontal plane., He also must know where to establish
both planes as edges along with the true length
FICURE 3 of the line so that the angles of interest can be
measured. A solution similar to that shown in
Figure 6 should be expected if the student has a
zood understanding of the spatial relationship of
For exanmple, in finding the true length (TL} lines and planes in space.
of the line by taking an awiliary view off of the
profile view the student can readily count back
two views and determine distances from the refer-
ence for establishing the view. However, when he
knows that he 1z really trying to establish the
distances from the edges of the profile reference

Presenting other material to the student to
further develop his sense of visual logic and
stimilate his basic abilities in engineering
creativity appears to be much easier once he has
mastered the spatial orientation of the principal
planes (K, F and P).

plane (P), then he will automatically relate to o9
any view perpendicular to the profile view. The é\\\ QQQ‘
front view, for example, would establish distances Y 2
relative to the profile reference plane as seen » O

in Figure 4.

| 7 e
=7 J,(:ellmg

Pz

-

5rofile
wall
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Mohammad H. Asghar
Western Electric Company
Columbus Works
Columbus, Ohio

Abstract:

Printed circuit boards are extensively
used in the Bell System for packaging

the discrete and small to medium scale
Integrated Circuit Devices. This paper
describes the use of Interactive Computer
Graphics to support the design and manu-
facturing processes of Printed Circuit
Boards.

I. INTRODUCTION

One of the many challenges for the
Bell Telephone Laboratories and Western
Electric lies in transforming the circuit-
level design of a system from the bread
board state inte a well packaged and re-

=

13
13

-

COMPONENT SIDE

FIG 1.
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[l ,

AN APPLICATION OF
PACKAGING TECHNOLOGY

liable hardware product to be produced

by mass production techniques. In order
to meet this challenge a prototype of the
system musgt be built and tested in the real
or simulated envircnment in which it must
function. The printed circuit board (PCE)
serves as a basic building block for pack-
aging electronic devices into a tetal sys-
tem. Interactive computer Graphic Systems
play an important role in the design of
Printed Circuit Boards. Once a system is
built and tested, the manufacturing res-
ponsibility is passed onto Western Elec-
tric, where Interactive Computer Graphics
facilities are used in implementing the
necessary changes in the existing printed
circuit designs.

HOA-CONPONENT SIDE

II i

ARTWORK
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DRILLL TABLE

FIG 2.
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This (Figure 4) provides information
on the quantities, supplier, mounting
centers, and other information concerning
each device to be mounted on the given PCR.
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E. ASSEMBLY DRAWINGS

In these drawings (Figure 5), the
component designations and intercon-
nections are shown for pinpointing exactly
what goes where. This information is used
in building a prototype te be used as a
model for mounting components onto the
PCB either manually or by an automatic
insertion machine.

In order to fulfill these needs ef-
fectively, the drafting practices have
undergone a great deal of changes over the
years. A brief overview of these changes
is presented next,

3. EVOLUTION OF AUTOMATED DRAFTING
IN THE BELL SYSTEM

Some of the key developments and
changes that have taken place in the draft-
ing practices in the Bell Labs and Western
Electric are shown in Figure 6.

A. OLD METHOD QF CREATING NEEDED DOCUMENTATION

In manual drafting the artmaster was
constructed by laying black tape on mylar
sheets to form the conductor patterns.

Once done, the information on the artmaster
was transferred photographically to glass
for use in the manufacturing process. The
same pattern was used to photographically
construct piece part and assembly drawing
graphics by selective addition of half tone
grids and other information. Such a process,
due to its manual nature and frequent need
for revisions to correct errors or to intro-
duce enhancements, became increasingly ex-
pensive and inefficient.
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B, NEW METHODS OF DESIGN AND MANUFACTURING
DOCUMENTATION

The earliest attempts at harnessing
computer technology for the design and doc-
umentation of PCB's dates back to the late
50's. The first significant step was the
development of a high lewvel language suitable
for communication PCB design and documen-

tation parameters with a variety of computers.

This development was further stimulated by
the appearance of a variety of output mach-
ines for preparing Artwork and other draw-
ings to handle the ever increasing density
of components and ever decreasing widths
of metallized areas representing the inter-
connections between devices to be mounted
on a PCB. A few of these machines will be
examined shortly. The first language de-
veloped was RAINDROP (Random Input Drafting
Out Put). This language originated in the
PCB technclogy developed to implement some
of the defense projects. Shortly after this
development, another language called XYMASK
was developed to the Integrated Circuits
Fabrication Technology. The .name is very
suggestive for those of us familiar with
doping process of Integrated Circuit manu-
facturing. XYMASK 2 was adopted as the
language for PCB design and documentation
tasks. There were many other developments
directed at achieving the same goal of the
automation of PCB design process. It took
over a decade for the technology to mature
into a viable, cost-effective total machine
environment. During the same period, the
transition from large computers to small
computers became ecconomical, Thus evolved
stand~alone Interactive Graphics Systems.
(Figure 6)

1

o 0

IBM 370

Q oo
(::) DUAL !
DECTAPE CARD
PRIVE ' READER
9 TRACK
MAGTAPE
DRIVE )

4. INTERACTIVE GRAPHICS IN THE MANUFACTURING
ENVIRONMENT

A, HARDWARE CONFIGURATION AND ITS USES

The interactive Graphics Systems pre-
dominantly used in Bell Labs and Western
is based on a PDP-15 and a graphics display
processor known as Graphics 2. The hard-
ware organization of a typical Graphics-2
System is illustrated in Figure 7. This
system is based on a DEC PDP/L5 computer
with 32K words of 18-bit-core memory and
1/2 million words of disk storage. The
system also ineludes a card reader, a paper
reader/punch, a 9-track magnetic tape unit,
a dual dectape unit, a 30 {PS printer
and a 202 bataphone 1200-baud communi-
cation link with IBM 370 computer. Now
the design information on all Printed Cir-
cuit Packs from Bell Labs is received as
a software program in XYMASK language.

An artmaster used for buiiding a prototype
and a2 schematic for the electrical circuit-
and an assortment of changes requests are
also provided. The change requests gener-
ally reflect either a design change for
the proper functicning of the device or

a change dictated by the manufacturing
processes. Western Electric is expected
to modify this data in order to incorpor-
ate the requested changes in the design’
at hand and issue a new set of documenta-
tion, i.e., artmaster, drawings, drill
tables, etec. for use in the manufactur-
ing processes.

STORAGE

A

SCOPE

KRATOS

B crapHIC 2

f PDP-15

COMPUTER

EXTENDED AUTOMATIC
ARITHMETIC PRIORITY
UNIT INTERUPT

g — 32 «
e CORE MEM

——fm{ PROCESSOR

)\

DISPLAY MONITOR Vi

Pusk —={100 0000

1/2 M WORD @ t
DIsC

30 CPS PAPER TAPE

BUTTONS |Doooodoooooon
onoo0ooocoanog
0000000000600
KEY BOARD ~—fpnpppooopoononn)  LIGHT

% PEN

FRINTER READER/PUNCH

FIG 7 GRAPHIC 2 HARDWARE CONFIGURATION
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Tt is easier to incorporate certain
types of changes by modifying the XYMASK
coding. However, the ability to change the
coding, which at times may be necessary,
requires an in depth understanding of the
language and its coding practices. But
complex changes where relationships of
large geometries are involved are much
easier and less error-prone if made to
the geometric picture represented by the
XYMASK coding. Hence, the XYMASK data is
translated to its geometric data base and
displayed on the refresh Cathode Ray Tube.
All the necessary changes are made to the
picture by using a keyboard, push buttons,
and a light pen. The computer updates
the data base to reflect all changes in-
stantaneously.

After all the necessary changes are
satisfactorily made, as shown in Figure 8,
an array of post processors 1s used to
prepare drive tapes for many different
output devices.

B. OUTPYUT DEVICES

Here is a brief summary of the com-
monly used output devices.

A, FR80

FRBOC)is a computer microfilm re-
corder offered by Information Intermational,

B. GERBER 40

Gerber 40(}15 a photoplotter offered
by Scientific Instrument Co. of Connecticut.
Tt directly plots on a large photographic
film with a light source and maintains
thousandth of an inch precision.

C. PRIMARY PATTERN GENERATORZ>3:%:73

The Primary Pattern Generator, devel-
oped internally for supporting the Inte-
grated Circuits fabrication processes, now
finds it uses in PCB technology. It is
also a photoplotter, but uses a laser beam
for exposing the photographic glass of
film with ten-thousandth of an inch pre-
cision.

p. caL-covp & PLOTTERS

These are a family of flat-bed plot-
ters offered by the Calif Computer Products
of Anaheim, Calif. Its output, depending
on the model, ranges from a drawing on a
large sheet to a plot on a photographic
film. It also finds its major uses in the
1.C. Mapufacturing processes.

5. INTERACTIVE GRAPHICS IN DESIGN ENVIRONMENT

The same hardware facility (Figure 7)
is used for the design of the Printed Cir-
cuit Boards. The scftware sgstem used for

Inc. 1its output consists cof microfiche, this purpose 1s called NOMAD® (Nonmodular
and microfilm is used for preparing all or Modular Automated Design).
documentation except artwork.
; ol o
| — DESIGN B MAINTENANCE 1.
|«— DESIGN >l EDIT >l OUT PUT ———]

|+ GLOBAL AUDIT ]

——#ART WORK

PIECEPART

APPARATUS
DRAFTING
SYSTEM

TINCMAD

XY
1 mao
——-—-————-“J GERBER 40 PP

Q

FR 80 PP

™\

X¥ouT ASSEMBLY

FR 80
PP

O

——" XY MASK

ART WORK

PPG

o PIECE PART

CALCOMP

ASSEMBLY

BTL BTL BTL BTL BTL|] WECO

WECO

WECO WECO WECO WECO

WECO

FIG 8. AN OVERVIEW OF THE DESIGN & MAINTENANCE PROCESS
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A PGB design usually originates in
the form of a rough schematic drawing and
a stock list. Using specially designed
Nomad input-language, an input deck is
coded, reflecting the components needed
from the system resident library and the
circeuit interconnections. After the input
information is read into the system, the
user ac?ivates the automatic placement
program’ resident on an IBM 370 via the
date link. The results returned by the
placement program are reviewed and adjus-
tments are made if necessary.

Now the user begins the conductor
path routing process. First using the
air line router, all the interconnections
as specified in the input are made. Next,
with the aid of the Automatic and Dyna-
mic routers, one untangles the mess created
by the air line router, into an arrangement
which meets minimum clearance requirements.

Once & design layout is complete,
one is ready for output. It is possible
now to prepare an artmaster, documentation
for assembly operations, and the famous
XYMABK coding for Western Electric (Fig.8).

6. COMPATABILITY WITH OLD DESIGNS

The existing documentation prepared
manually can be converted into the machine
environment by the use of a digitizer.

Such a digitizer is interfaced to the same
PDP-15 computer which provides the computing
power for the Graphics Terminal. With the
aid of a specially designed keyboard, a
static display and an X,Y pointer, the geo-
metric data is converted to digital data
base in XYMASK and is entered into the
normal work flow.

7. IMPACT OF INTERACTIVE COMPUTER GRAPHICGS

A. INTRODUCTION OF A NEW TECHNOLOGY

This new technology is necessary to
support the manufacturing processes for
meeting the precision requirements of an
ever increasing packaging density of elec-
tronic devices,

3. IMPROVEMENTS TN RESPONSFE, TIME

A complex change which used to be
made in a week or more can be accomplished
in less than a day.

C. COST EFFECTIVENESS

The new technology offers an average

of 3.5:1 cost advantage over the old methods.

D. CLEARANCE-VIOLATION FREE ENVIRONMENT8

The electrical characteristics of each
family of devices require the maintenance
of a specified clearance among all metallzed
elements of a PCB, which are not intended
to be electrically common. Such an object-
ive was extremely difficult to achieve by
the mere visual examination of the art-
master in the old environment. The un-
checked errors resulted in the production

18 / ENGINEERTNG DESIGN GRAPHICS JOURNAL Winter 1978

of unusable products hence, a great deal of
econemic loss. In the machine-aided draft-
ing environment, clearance violation free
artwork is obtained by performing a gloBal
audit. A dlobal Auditor known as XYMAD
will automatically find the clearance vio-
lations and flat them (Figure 9). Here

the system has clearly marked, with a
heavier line, 2 geometries which violate
the minimum clearance requirement,
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FIG 9. GLOBAL AUDIT' RESULTS

E. DIRECT DIGITAL INPUT FOR DRILLING PROCESS

Under the old method a paper tape was
manually prepared, reflecting the information
contents of the drill table (Figure 2).

A great deal of errors were made resulting
in the manufacture of more unusable products.
The economic losses in this area has now
been completely eliminated. In the machine
aided drafting environment, the drilling
information imbeded in the design data is
easily extracted and punched on tape.

Drill tapes prepared now not only save the
manual labor formerly expended in punching
the tape, but are also error free.



8.

SUMMARY

Printed Cilrcuit Boards are extensively

used for packaging electronic and electro-
magnetic devices iIn the Bell System. This
paper describes:

- The information requirements of the
manufacturing processes in Western
Electric, the manufacturing arm of
the Bell System,

- The use of Computer Graphics in the
design process of the Printed Circuit
Boards in the Bell Telephone Labora-

tories, the Research and Development

arm of the Bell System.

- The use of Computer Graphics in
satisfying the information needs of
the manufacturing processes.

- The evolution of the technology
within the Bell System to support

the design and manufacturing of Print-
ed Circuit Boards.

- The advantages and impact of Com-
puter Graphics on the design and man-
ufacturing processes.
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D.W. McAdam, P.E.
The University of British Columbia

METRIC CONVERSION --
THE IMAGINARY PROBLEM

Conversion to the metric system is full of pro-
blems and pitfalls. {see We've Got Those Metrication
Blues, Fred 0. Leidel, Winter 1977). Many of them
are imaginary. Being human, we itwvent problems to
justify our resistance to change. The head of the
Australian Metrication Board has commented, A pro-
perly plarmed metrication project is a series of
non-events'., (Australia has almost campleted their
conversion to SI wnits.) Of course, the Australian
situation is different from that in North America
but their experience shows the importance of proper
plarming. Tt is the pwrpose of this article to give
information on drawing scales used in Canada and
experience at the University of British Columbia.

I hope it may help you in your conversion plans.

The conversion to SI units is a once-in-a-
lifetime chance to get rid of a cumbersome irrat-
ional system of wrdts, Recall that there is more
to metric conversion than simply measuring lengths
in millimetres (Canadian spelling, spelled milli-
meter in U.S5.) (at least by the U.5.G.P.0. - Ed.)
The imperial system is completely arbitrary and
units have no easily remembered relationship to
each other. The inch was originally three barley-
corns, round and dry, laid end to end. The yard
is traditionally reported to be based on the dis-
tance from the tip of King Herry's nose to the
end of his fingers with his am outstretched.

We have lengths measured in inches, feet, vards,
furlongs, chains, miles and mmerous others.
Worse, the U.S5, and Canadian gallon are different
in size. How many hours of schocling are used
up memorizing the relation between pints, quarts,
pecks and bushels, (to name a few)?
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Canada and the U.5.A, are the last major
countries to comnvert to ST units and there are
sore advantages in this. ( One reason for con-
version ig to meintain a trade position in a
predominantly metric world. Tt will do us no
good to use metric standards which are vastly
different from those used by cwr major trading
partners,) However, we can learn from the ex—
perience of others and avoid mekiing the same
mistakes, We can examine the standards, designs,
and drawing scales used by the rest of the
world and adopt them if they are suitable.

The metric system is a sinple rational system.
There are 7 basic units and all other quantities
are derived from these. We can keep the system
simple by not converting existing drawing scales
to equivalent metric scales (i.e. soft conversion)
but by selecting new rational scales (hard con-
version). Mr. Leidel is correct in saying that
there are no metric scales equivalent to existing
imperial scales and I, for one, am not sorry.

Do we want ratios like 1:96 (1/8" - 1'-0")?

There are metric scales which are close to existing
scales and these have been adopted in Canada and
other coumtries. I have talked to Furopean engin-
eers who have used only one scaling instrument

and simply moved the decimsl point to get different
scales. This works of course, but it is conven-
ient to have other scales. Table I shows drawing
scales which are preferred for Canadian building
drawings. While these scales are not exact equi-
valents of imperial scales, they are close. Note
that all scales follow the progression 1-2-5.



Drawing Recommended Use Former Scales

Scales (Ratios)

Block Plan 1:20 000 To locate the site within the 1"=200" (1:2 400)
1:10 000 general district "=100" (1:1 200)
1:500

Site Plan 1:500 To locate building work, in- 1"'=40" {1:480)
1:200 cluding services and site works, 1/16"=1" {1:192)

on the site.

Skatch Plans 1:200 To show the over-all design of 1/16"=1" (1:192)
General 1:100 the building. 1/8" =1" (1:96)
Location 1:50 To indicate the juxtaposition At =10 (1:48)
Drawings of roans and spaces, and to

locate the position of comporn-
ents and assenblies.

Special Area 1:50 To show the detailed location /4" =1" (1:48)
Location 1:20 of components and assemblies 1/2" =1" (L:24)
Drawings in complex areas.

Construction 1:20 To show the interface of two 1/2" =1 (1:24)
Details 1:10 Or more Components or 1" =1" (1:12)

1:5 assemblies for construction 3 =1 (4
1:1 pUrposes. Full size(1:1)

Range 1:100 Te show in schedule form, the /8" =1" (1:96)

Drawings 1:50 range of specific components 74 =1" (L:48)
1:20 and assemblies to be used in /2" =1" (1:24)
the project.

Component and 1:10 To show precise information ' =1 {1:12)
Assarbly 1:5 of comporents and assemblies 3" =1 (L:dy
Details 1:1 for workshop manufacture. Full size(l:1)

Preferred Scales for Building Drawings (Ref.:

Maruzl on Metric Building Drawing Practice,

C.8. Strelka, L. Toshak, J.S. Torrance, Mational Research Coumcil of Canada, NRCC 15234).

These scales have been used in the Engineering
Graphics course for three years at the University
of British Columbia. The civil engineers scale,
mechanical engineers scale and architects scale
have been replaced with one scaling instrument.
Students are given some instruction in the use of
these scales since drawings using them will be
around for a while, The metric scaling instrment
we use has 8 scales; 1:5, 1:1G, 1:20, 1:50, 1:100,
1:200, 1:500 and 1:1 000. The absence of the 1:1
scale has not been a problem since the 1:10 scale
can easily be used. Any other scales required
(e.g. 1:2000) are easily obtained by adding the
required mmber of zeros. This scaling instrument
is used for all assignments. All measuréments are
in metres or millimetres. The centimetres is only
for force scales (e.g:1l cm = 500 kN) in vector
work.

There have been no problems with conversion
of our graphics course to metriec units. In fact,
it makes work easier for students. They do not
have to struggle with the differsnce between the
mechanical engineers scale and the architects
scale, Considerable time is saved because metric
scales require almost no instruction. Compare
the space devoted in textbooks to instruction on
comventional scales to that required for metric
scales. This certainly emphasizes the simplicity
of the metric system.

We do not use ratios like 1:10 560 or 1:2 880.

This simplicity of the metric system is some-
thing we must take advantage of. There is nothing
tc be gained but confusion, by using a civil engin-
eers scale as a metric scale. Whe needs {or wants)
ratios like 1:78 744 7 That is certainly not in
keeping with the concept of simplicity inherent
in the metric system.

The only way to learn the metric system is
to use it. We force this by having no dual dimen-
gioning. Any problems done in metric units are
done only in metric units. There is no conversion
from one system to another. Australisn and Scuth
African experience with metric conversion has
shown that the complete elimination of imperial
units mean faster learning of metric units. If
dual dimensions are used we look only at the ones
we gre familiar with. The metric system is here
to stay. Let"s take care mot to inch into it.
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Ned L. Browm

Manager, Systems Analysis
Product Engineering Department
Saginaw Steering Gear Division
General Motors

Saginaw, Michigan

USE OF COMPUTER GRAPHICS
IN PRODUCT ENGINEERING

Good Afternoon -

T want to thank you for the opportunity to
be with you this afterncon to discuss the subject
of computer graphics, and how we have used it in
the Product Engineering Department of Saginaw
Steering Gear - an automotive accessory division
of General Motors. But first before I discuss
the specific uses of graphics, I would like to
give a brief description of Saginaw Steering
Gear.

Seven manufacturing plants and the Divisional
Offices are located in Saginaw, Michigan, about
90 miles north of Detroit. An eighth manufact-
uring plant, along with a scon to be built ninth
plant, is located in north central Alabama, near
Decatur. The divisicnal employment is just over
10,000. We produce a wide range of products
which include =~

Marual and Power Steering Gears

Rack & Pinion Steering

Power Steering Hydraulic Puips and Hoses

Energy-Absorbing Steering Colums

Tilt-Wheel and Tilt & Telescoping Driver
Adjustable Steering

Front-Wheel Drive Axles

Exhaust Emission Control Air Pumps

Propeller Shafte and Universal Joints

Steering Linkages and Components

High Efficiency, Low Friction Recircul-
ating Ball Bearing Screws and Splines
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In order to develop this bread range of
products, we have a Product Engineering Depart-
ment that is located in the Diwvisional Head-
quarters. It has design and development respon-
sibility for both the curremt and future product
lines. In order to accomplish this task the
department has been divided into 2 major sections-
the design activity and engineering services.

The design activity is further divided into
approximately 24 project groups each with res-
ponsibility for some specifie part of our pro-
duct family.

The engineering services activity operates
an extensive physical test laboratory, model
shop, engineering information distribution
center, and an analytical analysis group.

This paper by Mr. Brown and the paper
by Mr. Asghar appearing in this issue
were delivered at a joint Illinois-
Indiana-North Central Section meeting
held at Tri-State University in April
of 1977. The session was cosponsored
by the CoED and EDG divisions; a third
paper by R. D. LaRue will appear in

an early issue.




The Analytical Analysis Group is where we

have introduced the computer aided graphics
equipment for use by the Product Engineers.
As supervisor over this area, T will describe
in the rest of my presentation:
- vhat graphics equipment we use

some of the typical applications
for which it is used
the general justification for ob-
taining the equipment
gome of the problems we have encoun-
tered in using it and in closing
- vhat I see as the future for com-

puter aided graphics

II. Description of Graphics Fquipment in

Product Engineering

We have been involved in computer aided
graphics for about 8 years. It started with
the installation of an off-line tape-driven
Calcomp drum plotter that was used to plot data
generated by prograns executed on a large scale
Control Data Computer. The generated data was
passed to special plot routines that converted
it to a magnetic tape format readable by the
plotter. Within the last year we upgraded to
a newer and faster model 936 Calcomp drum
plotter. It is still operated off-lime, via
a magnetic tape driven controller.

A second type of graphics equipment that
we have installed within the last year is a
Tektronix remote job entry texminal. It con-
sists of a model 4012 wvideo tube and keyboard,
a 34x44 inch model 4954 digitizing board, and
an 8 x 10 inch electrostatic hard copy output
device, model 4610, This system was installed
to allow commmication with large time sharing
computer networks so we can perform "finite
element analysis'' studies. The operator gen-
erates a graphic model, of the part to be
studied, on the video screen by using the

digitizer and/or keyboard, Once the model is
campleted, to the operators satisfaction, the
data is transmitted for analysis. On comple-
tion of analysis the results are viewable in
graphic form cn the screen. Hard copies of this
information are also available on command.

A third, and most advanced type of computer
aided graphics equioment that we have, was instal-
led just about 2 years ago. It is a complete sys-
tem for design ard drafting in both 2 and 3-dimen-
sicn., We have a three work station system that
is produced by Applicon Inc. of Burlington, Mass-
achusetts. This system uses its own mini-computer
to couple a video display, typewriter keyboard,
and electronic sketch pad into a work statiom;
that the designer can use to translate his ideas
into the system. The desired shapes can be created
on the video tube through the work station devices
using a furnished design softzmre package or user
written comsnds. A disk drive is used to store
active in process information while a magnetic
tape drive is available to store completed draw-
ings and historical information. A stored shape
can be recalled at will, modified to suit by adding,
changing, or deleting segments; and displayed
in the conventional 2-dimension views or on com-
mand in a 3-dimension form. (Figure 1) Text
and dimensions can be added to the design so a
completed working drawing can be produced. The
drawings are generated on a high speed 3&4x44
inch flatbed plotter which is also under the
control of the mini-computer. The three work
stations, along with a DEC writer terminal, time
share with the computer. The DEC writer can be
used to initiate background commands or as a pro-
grammers terminal.

The equipment that we use 1s by no means
the only of its kind on the market. There are
several other brands with similar capabilities
that can be chosen, therefore, this is not an
endorsement of the mamufacturers listed.

.
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Figure 1%
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TII. Typical Applications of the Graphics Fquipment

L would now like to take a couple of min-
utes and quickly review some of the work we get
as output of our graphics equipment.

From the off-line drum plotter we get such
things as:
- Line and bar charts
- Data charts

From the dial up remote terminal we get
such things as:
- Finite element analysis geometry
plots (Figure 3)
- Deflection plots (Figure &)
- Stress plots (Figure 5)

From the computer sided design system we
get such things as:

Text {llustrations

- Teclmical iilustrations (Figure 2)

~ Interference studies

- Gecmetric form generations (Figure 6)
- Organizational charts

Complex forging shapes (Figure 7)

- Bent tube assemblies (Figure 8)

- Complex component design (Figure 9)

V. Justification for Using Graphics Equipment

The three most important factors for adding
any type of automated graphics equipment are speed,
accuracy, and manpower utilization.

Speed or rate of throughput is a significant
factor when we consider the time it takes to dev-
elop a product and place it on the merket. Com-

petitive position is often determined by the
company that gets their product to the public
first. Therefore, we have found that the ‘graphicsg
output devices, coupled with the power of the
computer can save us many valuable days, weeks,

or even months in this process. As an example, |
a typical finite element analysis can be performed
in an average of 5 days where before getting the
graphics terminal in house it was a 13 day cycle.
A savings of 8 days per run. On the graphics
design terminals we have seen improvements From
2:1 to over 10:1 on drafting work, compared to

the conventional board method.

Accuracy of the graphics equipment cen be
measured in at least 2 ways. First, of course,
is dimensiongl accuracy. "The system can prodace
and reproduce time and time again any image with
a maximum error of .0001 over 140 feet. Secondly,
through the memory of the related computer, we
can repeat a simple or complex design or a string
of text, time and Cime again with a sinple oper-
ator command. This is a great time saver in
areas where the same or similar jobs are done
on repetitive basis.

When considering coamputer graphics we must
lock at a third factor; that of improving the
utilization of our manpower. The equipment with
its available coaputer power and related soft-
ware can increase productivity of the user over
the conventional marual methods available. In
many instances the graphics equipment is being
used to produce output that was not even possible
or economically feasible before its introduction.
Ttems such as stress plots from a finite element
analysis or a gear tooth fomm generation are
Just two examples of this fact.
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V. Problems Related to Use of Computer Alded Graphics

As with most new approaches to performing
work, there were and still are a few problems
with computer aided graphics. T will very briefly
touch on six problems that we have encountered
at Steering Cear since installing and using our
Applicon equipment. 1 will not try to offer com-
plete solutions at this time, because L don't
feel I have the answers mor will time permit to
explore each in depth.

Finite Flement Analysis
Geometry FPlot

Figure 3

STRESS ANALYSIS OF 568301¢ EMD PLUG
SIDE VIEW
FPLOT NO. 1

1. Acceptance by the Engineering Commmity-
The acceptance of these concepts have been very
slow, in my opinlon. The fact that the computer
ig inwvolved in the process gives it a mystic
aura, and therefore, many people who don't under-
stand the computer refuse to accept the value of
computer graphics. Too many stories exist about
the fallibility of computers to allow some to
accept the results. We still have many engineers
that received their formal education prior to
the computer era and some are still not in tune
with its potential.

vl
ooz~

Finite Element Analysis
Deflection Plot

Figure 4
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Gecmetriec TForm
Generation

Figure 6

NOTE: FELLOWS CUT PITMAN SHAFT
VIEW ALONG PITMAN SHAFT AXIS
FOR REFERENCE PURPOSE ONLY

2. Selection of Users - Contrary to what
is comwonly presented, not everyone is suited to
working with graphics equipment. We have found
these characteristics to be desirable in a person
who is being consldered to work with the system:

* Is interested in the concept
* Has initiative
* Is creative
* Has general drafting skills
* Is flexible
* Has perserverance
* Is a salesman
* Shows an aptitude for the system

Of course, it is a rare individual that
possesses all of these traits; therefore, we look
for a person with as many as possible. We have
found that individuals with and without college
degrees do equally well, :

3. Learning Period - Learning the fimda-
mentals of most graphics systems is a time con-
suming process and not as easy as may be presented
at first glance, It is true that a person can
sit dowm at a terminal and in a few minutes dis-
play some rudimentary figures; however, to be-
come proficient with the system it takes a good

<~
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Complex Forging Shape
Figure 7
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Bent Tube Assembly
Figure 8§ ’

teacher and usually a minimm of 3 months expe-
rience. In a location where there was no previous
graphics equipment this learming pericd could
easily extend to 6 or 9 months. Payback

would begin after that point.

4. Limitation of Available Software - lost
software that is furnished with a graphics design
and drafting system has a basic set of user com-
mands that allow for peneral gecmetric constru-
ction plus system housekeeping routines. It was
soon discovered that in order to improve the
efficiency of the users, it was necessary to
develop special macro commands that would ex-
ecute a series of repetitive instructions in one

step instead ot several. This required the use
of higher level languages that were available for
this purpose. Fortran is available for use in
writing programs to improve system efficiency.
These special macros and programs require the
talent of a person in house with computer pro-
gramming interest and knowledge or, if he is

not available, money to pay the vendor to do

the work, :

5. Cost of the System - It is difficuit
to get even a single sration graphics design and
drafting system for under $150,000. This
includes only one work station, the host com-
puter and its required peripherals, and plotter.

ETLIS L)

Complex Componeat
Design

Figure 9
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Additional work stations are typically about
540,000 each. Therefore, this is not a system
that every company can easily afford. Tech-
nologiecal changes in hardware design should
help to bring the cost down,

6. Speed of the System - Because each
device on most graphics systems must share the
resources of a common mini-computer, the more
that are active at one time, the slower the
total throughput. One activity per compiter
would be the best; however, due to cost, this is
very prohibitive. Software and hardware Features
are available to minimize the appraent delays;
however, the capacity of the computer is the
current limitation.. Savings on jobs performed
on the computer graphics system, even with time
delays, is still worth its use over manual
methods.

VI. Summary

In closing, T would like to make a few
comments that reflect my overall feelings of the
future for the Computer Aided Graphics field.

First - Those of us who are using this tool
in our business today are only scratching the
surface of its total potential. We are really
ploneers in developing each application. There
are no text books or heards of experts that we
can call upon to help solve our problems, and
vendors often don't realize the full capability
of what they are offering. Therefore, because
we are all reinventing the wheel, so to speak,
there is need for establishment of standards
and improved information interchange.

Next - I see the need for the current user
comunity of Computer Aided Graphics to become
involved in the definition of future system
design., We camwot afford to wait for the vendor
to think of all the ways we need to use the
equipment. In my opinion the systems of the
near future should:

- be man not machine controlled for
throughput
- be easy to teach and use
- have a level of campatibility with
other graphics systems
and - meet the needs of the users

Finally - and most important, we will need
people who can envision the potential value of
this as a tool and who are willing to dedicate
their effort towsrd making it a success., This
means they must be open minded to new ways of
doing the routine as well as the most technical
activities In engineering.

Corputrer Aided Graphics is not a toy dev-
eloped to please people by making pretty pictures:
but is a tool, when properly used, that will
speed our qiest for a better tomorrow.

2 OUTSTANDING TEXTS
IN ENGINEERING GRAPHICS

from Kendall/Hunt Publishing Company

ENGINEERING
GRAPHICS, Com-
munication, Analysis,
Creative Design,
Fifth Edition

By James 8. Rising, Maurice W.
Almfeldt, and Paul S. DeJong

lowa State University

FUNDAMENTALS OF
ENGINEERING
GRAPHICS Problem
Book

By C. Gordon Sanders, Carl A.
Ambal, and Joe V. Crawiford

lowa State University

e — e e e e e e e T e e e e —_—— e |

| |

I ___ ENGINEERING GRAPHICS, Please send to: [

| Communication, Analysis, Creative |

! Design, Fifth Edition by Ris- |

ing/Almfeldt/Dedong Name |

___ FUNDAMENTALS OF ENGINEERING |

GRAPHICS Problem Book by |

Sanders/Armnbal/Crawford Dept. Prone {ac) i ;

|

I School }

]

m Address {

KENDALLJHUNT PUBLISHING COMPANY , |

460 Kerper Boulevard, Cubuque, iowa 52001 Gity ______ State/Zip |
F76-138

—— e e 4
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Jon M, Duff

Department of Engineering Graphics
The Chio State University
Colizibus, 'Ohio

DIRECTING INSTRUCTION
TO MEET JOB REQUIREMENTS -

AN EXAMPLE USING
TECHNICAL ILLUSTRATION

Though this example deals with identifying The methods used in the past to structure
and ranking job variables for techmical illus- and guide instruction in tectmical iilustration
frators, those interested in any area of technical have, for the most part, been ono-generalizable
traiming will find valid and reliable tools for local surveys and the pergonal experience and
establishing specific job requirements. The use intuition of the famllty.i Mail surveys have
of these job analysis and market research tools, often been rejected due to low returnm ratics or
along with the knowledge and expertise of the a lack of research_experience on the part of
staff, can provide for effective, efficient, and the investigators.4 But, if instruction is to
demand-based instruction. be valid for both general and specific work

situations, it must be designed around a reliable,
The Need valid, and generalizable base.

Technical graphics which is illustrative in \ oy s .
nature is produced in support of the technological . Techniques for building such ? bai&?egmii
process in the design, documentation, and market- with Frycklund's early instructiopal tecnmiques
ing of a product. This activity is generally and contine into ca_Jrrent mz:rcket researc and
called "tectmical illustration” and those engaged govermment publications on job analysis ™ An
in the activity are called "technical illustrators''. indepth analysis of the aspects of a job must
In order to structure instruction which is valid, p:;ecede tt_le ogganlzatlon of the_trammg to
the author conducted a study to ascertain: £ill the; Job, therefore, the f1r§t stage in

any training development6program is a-job st|.u:l}(]1
: s : : : $on? involving task analysis.® Of the many accepte
1) Who is producing technical illustration job analysis techniques, the survey or inter-
2 What are those necessary observable view offers the most: effe%tlve method considering
skills and attitudes from which employers cost, time, and accuracy.’ In order to produce
choose to define the jobs of those pro- practitioners who bes.:t meet or exceed the ex-
ducing technical illustration? pectations of potential employers, and thereby
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enjoy the best chance for employment, the iob
requirements for those practitioners mist be
documented.

The Survey

The study sampled from 18,000 firms listed .
in the 1974 Ohio Directory of Memufacturers.
A three-stage, stratified cluster saupling tech-
nique, with probability proportional to product
cluster size, resulted in a final sample of 149

marmfacturing firms in 64 distinet product groups.

This sample represented the diverse mamifacturing

activity in Ohio in terms of 1) product produced, .

2) maber of employees, and 3). location of the
firm geographically in the state. A validsted
survey instmument was sent to graphics super-
vigors in each of the swrveyed companies to
record their attitudes on technical illustrator
Job success and on the preparation, persanal
traits, and illustration skills of their ill-
ustrators. - After follow-up a return rate of
50% was realized.

" The data from the study were factor-ang-
lyzed® and the underlying factor structure was

Powerful and Valued
(in order )

Group A

High School Diploma

Layout, Paste~up, Lettering
Post High School Cirtificate
Principles of Manufacturing -

Valued, not Powerful
{ in order )

Group B

Type Specification

Assembly Drawing

Marker Rendering

Ink Rendering

Pencil Rendering

Principles of Desgign

Idea Sketching

Demonsirates Company Loyaliy
Punctuality

Meticulous Work Habits
Works Well Under Pressure
Gets Along Well With Others
Charts, Graphs, Visuals
Praftsmanship

Portfolic of Examples

Freehand Perspective Drawing
Engineering Drawing
Descriptive Geometry

Previous Experience

Leader Figure, Takes Initiative
Instrument Perspective Drawing

Powerful, Not Valued
(in order )

Group C

Mode!l Making

Industrial Design Degree
Assoclate Degree
Dress, Appearance
Architectural Principles

Not Valued or Powerful
( in order }

Group D

Photography

Landscape Drawing
Photo Retouching
Watercclor Rendering
Sign Painting
Zip-a-tone, Dry Transfer
‘Axonometric Drawing
Overhead Transparencies
Keylining

Cartooning :
Principles of Science
Ruman Figure Drawing
Four-Year Art Degree
Airbrush Illustration-

Figure 1

TECHNICAL ILLUSTRATOR JOB VARIABLES IN ORDER OF IMPORTANCE

30 / ENGINEERING DESIGN GRAPHICS JOURNAL Winter 1978



regressed on the dependent variable of attitude
toward techmical illustrator success.

Survey Results

The job requirements of individuals pro-
ducing technical illustration in manufacturing
firms in Ohio were found to be described by
eleven underlying factors. When this factor
structure was regressed on the dependent attitude
measure, the independent job variables were
rated by: -

1) How they account for variability in
the attitude of supervisors toward what
makes z successful illustrator. (POER)

2} How the job. variables were ranked by
the supervisors on a 5-point unimportant-
critical scale. . (VALUE)

This rating of the job variables on the
two dimensions of POWER and VALLE is presented
in Figure 1. Keep in mind that a job variable
may be very powerful but not highly valued.
Those job variables which are powerful and highly
valued would be most important in structiring
instruction. Those job variables which are highly
valued but not powerful would be less important.
Job variables which are powerful but not valued
would be important only as they are valued.
Finally, job variables which are neither valued
nor powerful would not be considered in stru-
cturing instruction. Figure 2 presents this
evaluation scheme.

There were no differences in the ratings
of the job variables when viewed in the follow-
ing ways:

1) By how the respondent used technical ill-
ustration (to design, to document, or to
persuade) .

2) By the size of the company (mmber of em-
ployees).

3) By how many follow-ups were required to
elicit response.

4) By comparing the response group with a
sample of the non-response group.

Conclusions

Analyzing the data obtained from this study
for training and instructional purposes, the
following conclusions may be reachied:

1) If a program were initiated to train indiv-
iduals to produce techrical illustration for
manufactering firms in Ohio, the curriculum
would be structured to reflect the job var-
iables as they are. found in order in Figure 1.
The job variables in Group D would be in-
cluded only as they may be specifically
requested, not as a general part of the in-
struction.

2) ‘Technical illustration includes most tech-
nical art and engineering drawing, and is
broader in scope than the accepted academic
definition,

3) A substantial mmber (more than 60%) of
manufacturing firms buy their technical
illustration from outside agencies rather
than produce it in-house. Programs train-
ing technical illustrators should reflect
this in an agency or subcontractor emphasis,
rather than in the prevalent in-house em-
phasis.

#) Those producing technical illustration are
not expected to have a four-year degree.

5) Techmical illustrators are a small percemnt-
age of the individuals producing the ex-
panded definition of technical illustration.

6} Programs offering experiences in technical
illustration and technical art should seek
out the technologists, engineers, architects,
designers, planners, and menagers who are
expected to have facility in technical ili-
ustration as it is used to design, document,
and persuade,

7} Technical illustration will move toward a
process orientation and away from a product
(docurentation) orientation. Technical i11-
ustration will be used more as an active
design tool.

Group A Powerful and Valued Considered First for Instruction

Group B Not Powerful but Valued Considered Second for Instruction

Group © Powerful but Not Valued Considered-Third for Instruction

Group D Not Powerful, Not Valued Not Considered for Instruction
Figure 2
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ments described here demonstrates the applicability sis, Superintendent of Documents, 1965,
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guiding technical instruction. The results of 5. Smith, H.C. and Wakeley, J.H. Psycholo
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are applicable across all technical training or

educational situations, 7. Morsh, J.E. 'Job Analysis in the Umited

States Air Force.'" Persomel Psycholopy. Vol.
17, No. 1, 1964,
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REFERENCES Saunders Company, 1974,
1. California State Department of Kducation. 9. Kerlinger, ¥F.N. Foundations of Behavioral
Guidelines for Technical Illustration: Admin- Research. Chapter 36: and“%%ﬁlpl‘j—hliﬁg"%ﬁgn
oL E 3 EEIySlS Q arrance, er i 1varliate
jstrators, Teachers and Students, Sacramento, Methods." Holt, Rinehart and Winston, 1973,

pp. 632-658.

2, "Training Technical Illustrators at Full-
erton Junior College.” Technician Education
Yearbook. Prasken Publications, 1969, pp.
152-55.

3. Frycklund, V.C. Analysis Tectnique for Tn-
structors. The Bruce Publishing Company, 1965.

Books for Architecture Courses from Kendali/Hunt

Architectural Drawing, Third Edition

by Lawton M. Patten, Professor, Department of Architecture, lowa
State University and Milton L. Rogness, formerly Associate
Professor, Department of Engineering Graphics, lowa State
University

1977—208 Pages—8 1/2” x 11" —Paper—$8.95

Architectural Drawing Problems Third Edition

by Robert I. Duncan Department of Architecture, University of
Nebraska

1977—161 Pages—8 1/2" x 11" —Wire Coil—$8.95

Examination Copies Available Upon RequeSt

Write:
Kendall/Hunt Publishing Company

2460 Kerper Boulevard, Dubuque, lowa 52001

32 / FNGINEERING DESIGN GRAPHICS JOURNAL Winter 1978




LENGTH

- —————Metric Architect Scales
e CM. YD.O M. o
FT.c3 M. WL Kk, - | No. 746PM —30cm. Divided: 1:1, 1:2, 1:5,1:10, 1:20, 1:50

Metric Civil Engineer Scales

/‘/ i AREA No. 743FPM — 30em. Divided: 1:100, 1:200, 1:300, 1:400, 1:500, 1:600

— Metric Mechanical Draftsmen’s Scales —

NG CM YD M No. 745PM — 30cm. Divided: 1:15, 1:20, 1:25, 1:33%, 1:50, 1:100
ETO & 87 ML o KM No. 748PM — 30cm. Divided: 1:20, 1:25, 1:33%, 1:50, 1:75, 1:100
These professiconal quality plastic triangular scales are , s ’
made of durable, impact, white plastic with a matte Standard Metric Scales
non-reflecting finish. Precisicn sharp engraved gradu- ! VOLUME No. 747PM - 30cm, Divided : .01, .02, .03, .05, .025, .0125
ations, accurately divided. Colored furrows for quick ) (Formerly Mo. 247P With Same Graduaticns)

scale identification. Durable design for lasting service.
. N> CM? YD1 M2

FT o M2 Mo KM? $4.50 ea.

FOR EVERY INDUSTRIAL, COMMERCIAL, PROFESSIONAL & VOCATIONAL APPLICATION —~

PROPORTIONAL

I 6 In. MOULDED PLASTIC POCKET SCALES l
et -
B S EraraeaueeuRsA R EFNREORERVARRRAREY T
Matric Propertional Scale ;TTEQQ’U EPARRTY Tl “‘”i” X#& gl‘ X\ i (™ »:
MO, FATI5E rressssssscsssacnns $4.50 ea.

Reproduction computer, 130mm diameter,
of engraved PVC, showing proportional
enlargement and/or reduction in millimetres.

‘ FOUR BEVEL ARCMITECTS' SCALE I FOUR BEVEL EMNGIMEERS' SCALE
f MP P! S B A . No. 310A—The 6" architects' scale No. 311E—The 6” engineers scale is
f : is graduated in fractions of an inch to graduated in decimal parts to the inch—
‘ FOR TECHNICAL AND INDUSTRIAL USE the loot—open divided, divisions before full divided threughout—10 aad 50, 30
| I zero full divided—scale graduations 14, and 40 parts tc the inch Made in high
1 i"""'|“!'“'!"“"””",“”"'\”"” i '|‘"”"“'"'”"“'"‘H“":“"“"'m,"‘mﬂ” L, %, 1, 3/3, 34, 1%3, 3-incheas = guality plastic to withstand xngged use,
| a WmT 20 30 &0 50 6O - foot. Packed in vinyl cases, lightweight Packed in vinyl cases, lightweight
i and handy for pocket and desk use. and handy lor pocket and desk use.
f Four beveled white edges. Four beveled white edges.
No. 310M-15CM Metric Division $1.75  No. 311M-15CM Metric Division $1.75
Supplied in plastic sheaths. METR": - ENGLISH CO NVERTEB
. . _ . . T T © “FRONT SIDE CONVERTS
A choice of popular metric scale divisions in 2 bevel design. TR i ® In, to Millimeters
f . . . [t '
Color-coated center sections for easy identification. ren g ; @ %’"fﬁstfs%famq
P . . - MEETRIC CONYE! v L] ANy, .
Sharp, engraved glwsmns on ductile white plastic edges e noLoaEd e Gals. (U.5.) to Liters
for jaccurate drawing. - $4.95 ez “EE R | No.tesm @ Yas.& Fr.to Meters
. : 5 et e 1 8200 ea ® Poundsto Kilograms
— g ® 5q.Yds.to S5q. M
; 30cm. METRIC DRAWING SCALES - o o e
! Mo. 570M - Divided: 1:1, 1:5 Proporticnal mm to cm. -
1] 10 T ) a  REVERSE SIDE
No. 571M — Divided: 1:1, 1:2 Proportiohal mm to cm. METRIC — ENGLISH CONVERTER Converts:
; MNo. 572M — Divided: 1:1, mm, 50ths Full Size (.02). A Quick, Ready & Easy Reading Cenverter forac- ®  Miles to Kilometers
; curate every day use It handles direct scale conver- ®  |mperial Gai. to Liters
: Mo. 573M — Divided: 1:2, mm, 50ths Full Size (.02). sions for units of Length, Mass, Area, Volume, Pres- ®  Fahrenheit to Celcius
i J sure, & Temperature, Qverali size B%'% 3-3/4. ® Lbs. per sq. inch tO Kilopascals
| ‘ ; T ®  Cu. Hards to Cu. Meters
1 \ | I T R = MADE OF DURABLE VINYL. LAMINATED Contains: ]
] S . S o} 10mm 20 CONSTRURTION FOR LIFE-TIME SERVICE. Complete Conversion Table
12 FULLSIZE 50102 ™ m 2 COLOR SCALES 6 TABLES FOR QUICK & ggl:]'eeifgractf?gal In, to 13 .
verted on slide scaie 10 e-
o Enlarged View o Enlarged View EASY READING cimal In. and Millimeters
of First lmeh of First MM ® Ljst of International System
. (SI} Base Units & Syml
4 This scale is designed and recommended by Automotive e
and Aeronaqutical Engineers in Drafting Room FPractices. PCC/A — Double stitched Genuine Leather 8" Scale -

$1.25 Sheath with built in pocket clip.

for Duualily al the Right Pice

Fine Quality —Purable Design Scuies With Sharp Black
Machined Divisions on White Maite Finished Edgss







