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Tools of the Trade.

Engineering Design Graphics, Fourth Edition
James H. Earle, Texas AGM University

For nearly fourteen years, Engineering Design Graphics has
been an effective tool in teaching thousands of engineering
students about the design process. And now the book that
focuses on the interrelationship of graphical methods in engi-
neering design is in an all new Fourth Edition. Appropriate
for a design-based graphics course, an engineering drawing
course, or a descriptive geometry course, Engineering
Design Graphics, Fourth Edition carefully guides students
step-by-step through the design process—{rom problem
identification to the design and analysis of a solution.
0-201-11318-X, Hardbound,
704 pp. (tent.), 1983

Drafting Technology James H. Earle, Texas A&M University

Appropriate for students in engineering technology programs, this text covers the
basic principies of drafting, engineering drawing, and graphical problem solving.
Advanced topics, such as design, descriptive geometry, specialty drafting, and
computer graphics, are also discussed.  0-201-10233-1, Hardbound, 823 pp., 1982

Workbooks—Several problerns books are available to accompany the Earle texts. For more
information, please write Creative Publishers, Inc., 407 Timber St., College Station, Texas
77840 or call (713) 846-7907.

Science, Mathematics & Engineering Division
A Addison-Wesley Publishing Company, [nc.
vy Reading, Massachusetts 01867
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The newest edition of ENGINEERING GRAPHICS is, as always, a motivating, concise, reada-
ble, and readily adaptable textbook. Material has been updated wherever necessary, and the
many beneficial suggestions of past users have been incorporated.

NEW MATERIAL

Computer Graphics and its associated technologies are discussed in relation to their increasing
importance as a drawing and design tool.

Metrication is emphasized even further in this edition. The proper use of the SI system is
stressed, and fasteners are treated as the focus of many areas and supplemented where necessary
by their common-unit counterparts. Metric dimensions and units are used as the basis for
illustration and problem layout.

Standards Changes are included whenever possible, especially in the area of dimensioning.

New Hlustrations and Problems are introduced to help students learn the material.

CONTENTS

Tools of Communication/ Orthographic Projection and Space Geometry,/ Presentation of Data/
Description of Parts and Devices,/ Pictorial Drawing/ Design Synthesis and Graphical Applica-
tions/ Advanced Graphical Topics/ Reference and Data/ Appendix/ Bibliography/ Index

ENGINEERING GRAPHICS will help your students develop the professional literacy every engi-
neer needs in making clear sketches and using and interpreting drawings. Order your complimen-
tary copy for adoption consideration and you will agree. Just complete the attached coupon and
mail it today.

Yes, please send me a complimentary copy of ENGINEERING GRAPHICS: Communication,

Analysis, Creative Design, Sixth Edition, by Paul S. DeJong et al.

Course No. & Name Name

Affiliation

Enroll./sem. /qtr. Address
I City
KI¥ Kendall“Hunt Publishing Company~

2460 Kerper Boulevard - P.O. Box 539 Bubuque, lowa 52001 Statc
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ENGINEERING DESIGN GRAPHICS JOURNAL
OBJECTIVES!:

The objectives of the JOURNAL are:

1. To publish articles of interest to
teachers and practitioners of Engineering
Graphics, Computer Graphics, and subjects
allied to fundamentals of engineering.

2. To stimulate the preparation of articles
and papers on topics of interest to its
membership.

3. To encourage teachers of Graphicy to
innovate on, experiment with, and test
appropriate techniques and topics to
further improve the quality of and
modernize instruction and courses.

4, To encourage research, development, and
refinement of theory and applications of
engineering graphics for understanding
and practices,
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DERDLINES FOR AUTHORS AND ADVERTISERS

The following deadlines for submission of
articles, announcements, or advertising for
the three issues of the JOURNAL are:
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STYLE GUIDE FOR JUURNAL 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 contribute material to the
ENGIMEERING DESICN GRAPHICS JOURNAL, n
order to save time, expedite the mechanics of
publication, end avoid confusion, please
adhere to these guidelines.

1.

2,

3.

4.

B11l copy is to be typed, double spaced,
on one side only, on white paper, using a
black ribkbon,

All pages of the manuscript are to be
consecutively numbered.

Two copies of each mamuscript are
required.

Refer to all graphs, diagrams,
photographs, or illustrations in your
text as Figure 1, Figure 2, etc. Be sure
to identify all material accordingly,
either on the front or back of each.
Illustrations cannot be redrawn; they are
reprodyuced directly from submitted
material and will be reduced te fit the
columnar page. Accordingly, be sure all
lines are sharply drawn, all notations
are legible, reproduction black is used
throughout, and that everything is clean
and unfolded. Do not submit
illustrations larger than 198 x 280 mm.
If necessary make 198 x 280 mm or smaller
photocopies for submission.

Submit a recent photograph (head to
chest) showing your natural pose. Make
sure your name and addres is on the
teverse side, Photographs, along with
other gubmitted material, cannot be

returmed unless postage is prepaid.

Please make all changes in your
manuseript prior to submitting it. Check
carefully spelling, structure, and
clarify to aveid ambiguity and maximize
continuity of thought. Proofreading will
be dohe by the editorial staff. Calley
proofs cannot be submitted to authors for
review.

Enclese all material unfolded in a large
size envelope. Use heavy cardboard to
prevent bending.

All articles shall be writken using
Metric-S1 units, Commoh measurements are
permissible only at the discretion of the
editorial staff.

Send all material, in one mailing to:
Jon M. Duff, BEditor, Department of
Engineering Gtaphics, The Ohio State
University, 2070 Neil Avenue, Columbus,
Ohic 43210,

REVIEW OF ARTICLES

All articles submitted will he reviewed by
geveral authorities in the field associated
with the content of each paper before
acceptancea. Current newsworthy items will
not be reviewed in this manmer, but will be
accepted at the discretion of the editors.
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EDITOR’S PAGIE

I'm going to apologize to my
professors at Purdue, here in public, so
that the errors of my ways <can be
exposed in full. As a student, young
and brash, I advocated the de-emphasis
of descriptive geometry in the graphics
curriculum. Now that I am older and
wiser, I can approach the subject of
descriptive geometry's dmportance from
hopefully a more mature positicn.

I know now that descriptive geometry
is the most important applied ortho-
graphic taol. Employers from Northrop
Aviation to the Timken Company bluntly
state that skill in descriptive geometry
separates marginal from superior
employees.

There has been a general de-emphasis
of descriptive geometry during the past
ten years, both in traditional survey
courses in engineering graphics and 1in
separate descript offerings as well.
This was no doubt due in part to the
uninformed, such as I was, working their
short-sighted way.

It would seem to me that most tradi-
tional graphics subject matter, except
orthographic shape description, would be
suspect when compared with the develop-

mental benefit of descript. T would

sacrifice Tlettering, sectioning, dimen-
sioning, empirical equations, and graph-
ing #f it meant keeping descriptive
geometry. The analysis skills that are
developed 1in solving descript problems,
as  well as the conceptualization
processes,are at the core of what is
needed to successfully work in the
CAD/CAM/CADD environment. But not
everything is rosy in descript land,

4 ENGINEERING DESI@N @RAPHISS JOURNAL

Let me share with you what I feel s
the primary reason descript never made
much sense to me as a student. Df
course, I had Tittle experience in "the
real world" so the geometry wasn't
exactly familiar. But beyend this, it
was a confiict between view-projection
and cutting plane intersections that
retarded my understanding of the
subject,

Auxiliary views were not views at
all, rather they were projections of the
views with but two of the orthographic
dimensions evident 1n each of the views.
Intersections, however, were real 3-D
objects through which cutting planes
were passed te reveal points of common-
ality. I just never understood why we
used 2-D fold lines in auxiliary views
and 3-D cutting planes in intersections.
Then I was shown the 1ight and the world
for me was never the same.

all is not
rosy in descript land

There 1is nc reasaon to change one's
thinking from 2D to 3D because ortho-
graphic is 3D, 24 hours a day*.

A1T descript should be direct-view
experiences. Anything less diminishes
the impact of the subject. For your
review, a traditional projection theory
article is presented on page 25 of this
issue, Compare this to the reprinting
from the 1954 Journal of Engineering

Drawing on page 9.
I~ invite those of you in the
Journal's readership who have a continu-

ing interest in descriptive geometry to
explore its place in modern graphical
practice and thecry. With your help, we
Just might determine its importance in
Tight of the powerful graphical tools
now available.

Professor Eldis 0. Reed of the
Department of Engineering Graphics at
Ohio State died unexpectedly in December
after a short illness. Many of you krew
“Frenchy" through ASEE and the Society
of Women Engineers to be a life-long
supperter of engineering and graphics
education. His teaching and experience,
along with his Taugh and smile, will be
greatly missed.

*Thanks to Professor Richard Parkinson
for his analysis of orthographic space.
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ENGINEERING DESIGN GRAPHICS DIVISION

Papers are sought for the 1983-84
midyear meeting of the Engineering
Design  Division to be held in
Pittsburgh, PA, in January 1984. Paper
sessions will evolve around the topic of
teaching techniques in design graphics

education. Interesting and unigue
teaching experiments in design
techniques in design graphics,
incorporation of computer atded

instruction, and programs cf instruction
in  design graphics coordinated or
supported by industry are sought. Send
title and abstract of paper to James T.
Weiss, P.0. Drawer E.G., University of
Alabama, University, Alabama 35486.
The deadline for abstracts is July i,
1983,

NATIONAL MEETING

MONDAY, JUNE 20, 1983

1137 Creative Engineering Design Display
Judges' Breakfast

7:00-8:00 a.m. 4-Cateteria Breakfast, $6.00

Engineering Design Graphics Divislon

Moderator: Robert J. Foster, Pennsylvania State University

Orientation procedures wili be presented to the judges of the

Creative Engineering Design Display.

1237 Creative Engineering Design Display

8:00 a.m.-5:00 p.m. Clark Gymnasium Display
Engineering Design Graphics Division

Co-sponsor: Design in Engineering Education Division
Moderator Roberl J. Faster, Pennsyivania State University
Engineering design projects from the United Slales and
Canada will be presented in an an-going display of creativity
and ingenuity. These student projects wili be judged and
winners presented at the Annual Engineering Design Graphics
Division Banqguet.

1252 Counseling New Engineering Students
8:00-5:45 a.m. 12-3215 Symposium
Freshman Programs Committee

Co-sponsors: Engineering Design Graphics Division. Women
in Engineering and Minorities in Engineering Committees
Moderator Marianne Mueller. Ohio State University
Discussion of methods and programs for counseling new
engineering studen!s to assist them in making career choices.
Panelists will briefly outline their technigues and the audience
will be invited ta join in the discussion.

Speakers:

William K. LeBold, Purdue University

Wayne R. Hager. University of tdaho

Ronald Glenn. Camegie-Mailon University

SPRING 1983

1837 Changing lmages in Engineering

Graphics Instruction
4:00-5:45 p.m. 12-3215 Panel
Engineering Design Graphics Division
Corsponsor: Freshman Program Commitlee
Moderator Frank M. Croft. University of Louisville.
During the pasitwentyyears many changes have taken place
pertaining to engineering graphics. Speakers wilt present the
changes which have evolved attheirinstitutionsand makean
atlempt to project the {uture of engineering araphics.
Speakers:
Transformations in the Teaching of Engineering Graphics in
the Past Quarter Century: Some Personal Observations.

TUESDAY, JUNE 21, 1983

22368 Creative Engineering Design Display

B8:00 a,m.-5:00 p.m, Clark Gymnasium Display
Engineering Design Graphics Division

Co-sponsor: Design in Engineering Education Division
Moderator: Robert J. Foster, Pennsyivania Stale University
Engineering design projects from the United States and
Canada will be presented in an on-going display of creativity
and ingenuity. These student projects will be judged and the
winners presented at the Annual Engineering Design Graphics
Division Banguet.

2552 Freshman Engineering Programs

2:00-3:45 p.m. 12-2106 Sympasium
Freshman Programs Committee

Co-sponsors: Computers in Education and Engineering
Design Graphics Civisions

Moderator W. George Devens. Virginia Polylechnic Institite
and State University

What should be included in a quality freshman engineering
program? Viewpaints from representatives of two and four
vear institutions, public and private. Should the introductory

WEDNESDAY, JUNE 22, 1983

3237 Creative Engineering Design Display

8:00 a.m.-12:00 ngon Clark Gymnasium Dispiay
Engineering Design Graphics Division

Co-sponsor: Design in Engineering Education Division
Moderator: Robert J. Foster, Pennsylvania State University
Engineering design projects from the United States and
Canada will be presented in an on-going display of creativity
and ingenuity.

3269 Open Forum: The Pros and Cons of
Engineering Graphics

B:00-9:45 a.m. 8-3244 Discussicn Group

Mechanics Division

Co-sponsor: Engineering Design Graphics Division

Moderator: Virgi! Snyder. Michigan Technalogical University

An open farum for the discussion of the role of engineering

graphics in engineering education. After intraductory com-

menis by two speakers. the floor will be opened for discus-

sion. Come and speak your piece!

Speakers:

Trhe Cons of Engineering Graphics—Jeraid M. Henderson.

University of California-Davis

The Fros of Engineering Graphics—William B. Rogers, Virginia

Polytechnic tnstitute and State University

3437 Engineering Design Graphics Division Annual
Business Luncheon
12:00-1:45 p.m. 4-Clark Dining Roam Linchean
87.25
Engineering Design Graphics Division
Moderator: Arvid Eide, lowa Stale Univarsity
Open business meeting.

3537 Images from Afar: Engineering Graphics in
the People’'s Republic of China

2:00-3:45 p.m. 12:3215 Lecture

Engineering Design Graphics Division

Co-sponsor. International Division

Moderator: Steve M. Siaby. Princeton University

An overview of engineering graphics, descriptive geometry
instruction in the People’s Republic of China. and a preview
of the Secand Annual Internaticnal Conference on Descriptive
Geomelry.

Speakers:

Steve M. Saby. Princeton University

Engineering Graphics and Descriptive Geometry is Afive and
Well in the People's Repubiic of China—Znv Fu-Xi. Scuth
China Institute of China

EN@INEERING DESIGN @RAPHICS JOURNAL &
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have come to expect from Earle, the
illustrations are attractive and up-to-
date and should do much to both help

I:”:N] @EW”EW motivate and teach our students.
The first chapter in the book
provides an excellent overview of the
various engineering disciplines and
should be required reading for ail
counselors and advisars of prospective
engineers. A11 dn all, Earle is to be
congratulated on ancther fine
contribution to engineering graphics,

Reviewed by: Leonard 0. Nasman
Assistant Professor
Department of Engineering

Graphics
The Ohio State University

ARCHITECTURAL

GRAPHICS

AND
COMMUNICATION |

ROBERT 1. RS
DUNCAN PN

James H. Earle
Engineering Design Graphics
Fourth Edition
Addison-Wesiey Publishing Company

Engineering Design Graphics, Fourth
Edition, 1is a comprehensive text that,
accerding to the author, is a major
revision of the third edition. The book
contains solid coverage of all tradi-
tional topics of engineering drawing and

graphics from drawing instruments and ROBERT DUNCAN

lettering through dimensioning, %toler- ARCHITECTURAL GRAPHICS

ancing, and working drawings. Rather AND COMMUNICATION

than provide us with just another Architectural Graphics

graphics text, however, Earle has and Communication Problems

provided an eight chapter foundation

detailing the engineering design process The 1intent of this book 1is to

from problem identification through provide the ‘Heginning architectural

refinement and analysis to student with a basic knowledge of

1mp1ementat1on: engineering graphics and its usefulness

_Supplementing the core chapters on as it pertains to the field of

engineering drawing principles and architecture.

practices  are chapters an such The content of this book includes

specialities as welding, pipe drafting, basic orthographic projection, via

electric/electronics drafting, and lines, planes, and solid objects,

computer graphics, Engineers will be descriptive geometry, and pictorial

pleased to see coverage of descriptive drawing, via isometric, oblique, and

geometry, graphs, and graphical perspective orientations.

mathematics. Additional coverage includes ortho-
. Every page of the book is packed graphic and perspective shades and

with drawings, .111ustrations, and/or shadows and a light touch of graphic

photographs which illustrate the construction and intersections of planes

concepts presented. A second color of and solids.

ink has been used to  highlight or
emphasize points being presented. As we

8 ERNEINEERING DESIGN GRAPHICS JOURNAL



The primary mode of instruction
seems to be through illustrations and
diagrams with supplemental text
material, The material is well
organized and presented in a way that
eliminates misunderstanding of important
topics. The reading tevel would be
appropriate for upper high school
students,

This text would be appropriate for
individuals seeking a -very general
coverage of engineering graphics as it
pertains to architectural applications.
Topics such as space utilization and
structural drawing and sketching are
covered using basic graphical methods.

Technical details - the how to's -
such as specific treatments of
residential or commercial construction,
sectional elevations, plan layouts,
exterior elevations, data tables, etc.
that one might expect to find in an
architectural graphics text are not
included,

A problem book accompanies the text
as an aid to fdnstruction. The problem
book parallels the text and contains
worksheets covering all of the text
topics., The problem book seems to
provide very good coverage of the text
material.

In summary, this text and problem
book combination will provide a good
general coverage of architecturat
graphics and communication,

Reviewed by: J, Douglas Frampton
Lecturer
Department of Engineering
Graphics
The Ohio State University

PUzzLE

TANGENT CIRCLES PROBLEM

by: William P. Harrison, Jr.
Yirginia Polytechnic Institute
and State University

GIVEN: Any circle of radius r and
two points A and B all
located arbitrarily within a
plane but such that line AB
nowhere intersects the given
circle.

caontinued on page 24
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Workshop at Ohio State

Tt =
i A \uy
A 7
D

A workshop in computer graphics will
be given by the Engineering Design
Graphics [ivision of the Ohio State
University Department of Engineering
Graphics on August 22 - 26, 1983, This
workshop will be devoted to (1}
discussions of course content and
curriculum development for interactive
computer graphics courses for
engineering technology and engineering;
(2] available computing systems and
software; and (3) software development,
It 1is expected that several small
systems will be available for
inspection and use by the participants.
The QSU Engineering Graphics Department
interactive graphics system will be

available for participant use,
Programming experience is desirable but
NOT required. For aditional

Ynformation, contact R. D. LaRue,
Engineering Graphics 0SU, 2070 Neil Ave,
Columbus, 0H 43210. or  phone
(614)422-2493. Another contact s
Louise Larew, Continuing Education 0SU,
Fawcett Center, 2400 Olentangy River
Road, Colunbus, OH 43210 , phone
(614)422-8571.

EN@INEERING DESIGN GRAPHICS JOURMNAL 7
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industrial Design

Many teachers in engineering and
engineering technology are unaware that
a field of study exists in which much of
the most sophisticated graphic techni-
ques are requisite, The field of
industrial design combines much of what
engineers do in a non-mathematical sense
with what visual artists do in a
technical sense. It is the ideal
occupation for someone who has strong
technical interests but whe has more of
a2 visual/graphic orientation than that
normally expected of an engineer,

Many find their way into the
practice of industrial design from other
technical fields. However, there are
programs af study specializing 1in three
general areas of concentration:

1. Product Design
2. Graphic Design
3. Space or Environmental! Design

Industrial designers use drawing as
a thinking tool, toc control the imple-
mentation of their designs, and to sell
their designs to others. Their drawing
has to do visually what mathematical
models or equations do for the engineer.
The closer to rsality is the engineer's
equation, the better the engineer can
predict the performance of his design.
Likewise, the closer to reality are the
industrial designer's drawings, the
better the designs can predict the
performance of his design.

Industrial designers will Dbecame
prime users of CAD systems. This is due
to two factors: 1) design systems have
many of the underlying design and
engineering principles established in
the programming, requiring less con-
tinual engineering calculations, and 2)
industrial designers are better equipped
to make decisions as to the visual or
graphic correctness of the design
because this is what they are trained to
da,

In summary, industrial designers
complement engineers and engineering
technologists by providing a greater
understanding of the visual variabhles
which enter intc design decisipns.

Jon M, Duff, Editor EDGJ

ENGINEERING DESIEN GRAPHICS JOURNAL
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Taken from the Journal of traces of planes, and projections on
Engineering Drawing, Vel. 18, No. 3, planes. These have no place in the
November, 1954. Direct Method, nor are they used by the

practicing engineer when he thinks about
the structures that he visualizes,
designs, and draws.

() i] (j.ff t) t By the Direct Method, the visualized
structure or object is viewed in any
n t e I erence e Ween desired direction. The lines of sight
H H H H are parallel. Each view of the object
DFOIGCtlon and the dlreCt VIEW  chows what the observer sees when he
loocks at the object. And, when reading
the drawing, each view is visualized so
that the object stands out as if it were
the three-dimensional object itself,
The view is never thought of as a flat
projection on a plane. This direct way
of thinking about the object and its
views promotes thorough visualization

and produces better designs.

WHY THE DIRECT METHOD The absence from the Direct Method

OF DESCRIPTIVE GEOMETRY of the projection idea, and of all the

(An Older Fogey Strikes Back) accompanying impediments of the Projec-

by tion Method that stand in the way of

Professor Emeritus George J. Hood thinking about the object itself, make

University of Kansas the Ditect Method direct. This method

is now thirty and meore years old. It

In the May, 1954, Number of the was developed by the writer over a

Journal of Engineering Drawing, period of years while he was teaching
Professor Henry C.T. Eggers asks: "What the Projection Method.

do you mean 'Direct' or, An 0ld Fogey
Strikes Back."

An Older Fogey now answers his
question. Professor Eggers says he is
61. I am 76. He has taught 35 years.

I have taught for 46 years. That makes
me an older fogey by 62.7 per cent. Or,
is it only by 27 per cent?

Professor Eggers queotes Prefessor
McNeary: "The gradual shift in the
teaching of descriptive geometry by the
indirect, or plane trace method, to the
direct, or auxiliary view method, logi-
cally may be claimed to have been caused
by the superior transferability of the
direct method to engineering practice.”

As to "the superior transferability
of the direct method to engineering
practice” there seems to be gquite a
general agreement. But the 1linking
together of the words: "direct, or
auxiliary view method," aptly illus-
trates a common misconception of the
fundamental principles on which the
direct method is based. Spoken and
written statements made by some teachers
of descriptive geometry indicate a
belief that the basic purpose of the
Direct Method is to make a general use
of auxiliary views. That belief is
erroneous. A careful reading of the
first few chapters of the textbook on
the Direct Method should make this
clear,

The two Methods of Descriptive
Geometry, Projection and Direct, are
founded on two different basic ideas. Figure 1  The plane projection method
Each method has its own basic princi-
ples, and each reguires its own attitude
of mind.

The Projection Method specifies that
objects are projected on planes. It
makes the wuse of variocus planes of
projection, quadrants, ground lines,

ENGINEERING DESIGN GRAPHICS JOURNAL 9
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Twenty years ago, Professor Thomas
E. French wrote: “In the Direct Method
the student looks directly at the object
itself without the conscious interven-

tion of projection planes." Now, as to
the 1linking +together of the words:
"direct, or auxiliary view method." A

projection, or view, is noct a Method of
Descriptive Geometry. 4 projection, or
view, 1s but one of- the elements of a
methed. We do not think, or speak of a
"vertical projection method," oT a
"front view method." Likewise, there is
no "auxiliary view method." The above
guotation links tegether two dissimilar
and incompatible terms.

and, how has it come about that the
Direct Method has been considered by
some to be an "auxiliary view method?"
A teacher thumbs through the textbook on
the Direct Method, without carefully
reading the printed explanations of the
fundamental ideas con which this method
is based. He looks mainlv at the illus-
trations, and he notes a considerable
use of auxiliary and obligue views. 2
reading of the text, however, will show
that the greater use of auxiliary views
is not a basic purpose or reguirement of
this method. Such increased use has
come about because auxiliary and oblique
views often expedite the solutions of
problems, and also because such views
are used to show the true geometrical
relations between certain geometrical
parts or elements of the structure of
the o¢bject. 1In addition, auxiliary and
obligue views are readily drawn by those
who +think in terms of the Flexible
Direct Method, by which objects are
readily viewed in any desired direction.

Some authors of descriptive geometry
textbooks claim to be using the Direct
Method, since they use auxiliary views,
even though they explain and base the
theory on the Projection Method as the

foundation for the subject. Other
authors even claim that they use both
methods. Such claims are unfounded.

The two methods are radically different
in their basic concepts. Each method
requires its own attitude of mind, and
its own basic theory, principles, and
vocabulary. Logically, the two cannot
be mixed.

Each of the Methods of Descriptive
Geometry, Projection and Direct, 1is
founded on its own basic principles.
And each regquires its own attitude of
mind toward the object and toward the
drawings that represent the object., The
Projection Method is based on the idea
of projecting objects on planes of
projection., The Direct Method is based
on the idea of viewing an object in any
desired directions. There is no
"auxiliary view method."

Figure 2 The direct view method
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Computer Plotted Perspective View
of a Vertical Cylinder of Revolution

by Yaacov (Jack) Arwas
TECHNION - Israel Institute
of Technology
Dept. of Mathematics
Haifa, Israel

When a designer needs a perspective
view of a cylinder of revolution, it
wounld be useful for him to be able to
use a computer plotter and software
subroutine for plotting a perspective
view of the cylinder. This pletter and
subroutine could be used for the design
of a pump, piston, axle, column, water
tower, or for any other purpose.

The Perspective View

The perspective view of a cylinder
of revolution would obvicusly be made
out of ellipses representing the bases.
These bases would be partly or wholly
drawn depending on the location of the
observer's eye, and the two extreme
cylinder elements tangent +to these
ellipses. If the cylinder is vertical
and the perspective plane 1is also
vertical, these two elements would be
vertical as well. BAn example of such a
representation is shown in Figure 4.

The perspective view of any given
poeint A in space could be related to the
pergpective plane coordinates T,V
depending, of course, on the location of
the observer's eye, as shown in Figure
1. This could be translated into a
subroutine that could be referred to as
PERS, to be fed with the coordinates
x,v,2 of the point, and giving as feed-
back Ua,vA. These are the coordinates
of that specific point on the
perspective plane.

z
v
PERSPECTIVE
PLANE
EYE P
S Ve
=7 T 2™
~
H - Ap .
P NV R
< - AL T
. . ——
- YA
e XA
‘\\

(lj_éj = &_43) = UA = -0 * XAHYA-D)

H-ya _ D) - = = A _
ﬁ%_ Yasro) == VA=H-D*(ZA=H)/(TA-D}

Figure 1: Perspective plane coordinates
of a peint, as a function of
the point coordinates in its
own system,

Editor's Note

This article presents a clear de-
scription of the bases of computerizing
perspective drawing. THowever, it fails
to establish a reasonable axis of vision
to a picture plane relationship result-
ing in the highly distorted perspective
images in Figure 4, 5, & 6. If distor-
tion is not acceptable, the axis of
vision should be perpendicular to the
picture plane.
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v PERSPECTIVE

Thus, all the perspective points of
the base circles could be plotted and
joined to form the base ellipses. The
two extreme tangent elements could also
be drawn. Once the tangent points are
located the only problem left to be
solved is visibility.

The Tangent Pointsg

To differentiate between the visible
and the hidden points, projection of the
tangent points 1 and 2 will be used.

Points 1 and T1 appear to be
projected respectively lower and higher
on the perspective plane than points 2
and T2, (See Figure 2). A symmetrical
set of points would be obtained if the
observer's eye is located at the right
of the cylinder axis.

Figure 4 shows the symmetrical set
of points that would be obtained if the
observer's eye were located at the left.
The explanation can be found in the
3-plane projection shown in Figure 3.

Y

Figure 2:; Extreme tangent points on the
perspective plane.

PERSPECTIVE PLANE

EYEY

EVE - VT2

~ V2

Figure 3: Location of extreme tangent
points in perspective view of
a vertical cylinder of
revolution.
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Below is an example of FORTRAN used
as the computer language. The coordi-
nateg X1,Yl and X2,¥2 of the tangent
points 1 and 2 shown in Figure 2, could
be established analytically in relation
to the origin point XP,Y¥YP, The circle
of radius R at center XC,Y¥C 1is as
follows:

DX=XC-XP

DY=YC-YP

Q=R*SQRT (DX**2+4DY**2_R**2)

TGl= (DX*DY—-0Q) / (DX**2_R**2)
TGN1l=-1./TGl
TG2=(DX*DY+Q) / (DX**2-R**2)
TGN2=~1./TG2
X1=(DY+XP*TGL-XC*TGN1) / (TGL-TGN1)
Y1= {DX+YC*TGL-YP*TGN1) / (TG1-TGNL)
X2= (DY+XP*TG2-XC*TGN2) / (TG2~TCN2)
Y2= (DX+YC*TG2-YP*TGN2) / (TG2-TGN2)

If the z coordinate equals 0 for
points 1 and 2 and ZT for points Tl and
T2, the perspective points Ul,Vl and
UT1,VTl could be plotted with the sub-

YTla

VT2

R —

Y24
Vig. . — .|_
i
I {
I t
4 5 Y
U2; uT2 Ul um
Figure 4: Perspective view of a
vertical cylinder of

revolution.

SPRING 19683

routine PERS previously mentioned.

Plotting the Cylinder

With these results, the computer
could scan a given number of points of
the lower base circle, from point 1
moving clockwise at point 2 or infinite-
ly near it. These points would be
plotted, through PERS, on the perspec-
tive plane and joined together by making
V2 higher than any visible point of the
perspective projection of the lower
hase.

T

e

Figure 5: Computer - plotted cylinders
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If UE,VE are the coordinates of any
peint of the lower base ellipse, the
visible part of the ellipse would be
plotted as follows:

DG 100 1I=1,N starting the loop

100 CONTINUE ending the loop

The inverse process could be repeated

for the upper base starting at pecint T1

and stopping at TZ, preferably by the 1

use of an outer loop. ~ ] -
Finally, the tangent elements could

be also plotted ° to complete the

perspective view of the cylinder. A \

series of "ifs" could be added to the

program to provide for:

1) the observer's eye at right of the
cylinder axis

2) the observer's eye above upper base i
height, in which case the upper \

circle is scanned in its entirety /
3) the observer's eye below the lower w7 g /
base, in which case the lower base
circle is scanned in its entirety.
All thege conditions could be
incorporated into a complete subroutine
program, called PECYLV for perspective
of a vertical cylinder.
Some computer-plotted cases are
illustrated in Figure 5:
a} for the observer's eye at left of
cylinder axis and between bases.
b} same position but at upper base
height.
¢) same position but above upper base
height.
d) for the observer's eye at right of
cylinder axis and between bases.
N \\nnud
Application
Let us assume the designer has
decided on a bus stop shelter containing )
a bench, back wall, and roof supported Figure 6: Computer - plotted bus stop

by twoe cylindrical columns. Having shelter
programmed the elements, the designing
calls for the columns by simply applying
subroutine PECYLV.
Computer-plotted results for two
random positions of the observer's eye
are shown in Figure 6. The observer's
eye could be moved to as many additional
positions as required by the designer.
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Interactive Procedures

for Geometric Data Entry

and Modeling on a Small

Educational CAD System

by Ronald E. Barr, Davor Juricic, and
Tim Lam, Mechanical Engineering
Department, University of Texas
at Austin, Austin, Texas, 78712

Introduction

Computer-aided design and computer aided
manufacturing (CAD/CAM} are new technologies
being employed by industry to increase pro—
ductivity. Computer-aided design involves
the use of computers to synthesize, analyze,
and test new products without the need to

build an experimental prototype. Cormmon
analytical tools offered by CAD include
kinematic simulation, finite element

analysis, and scolid geometric modeling.
Computer-aided manufacturing deals with the
automatic manufacture of products through the
use of numerical control, robotics, and other
computer-controlled processes. In realizing
the full potential of CAD/CAM, the ultimate
objective is to use the same geometric data
base frow design inception, through design
analysis, and terminating with design
manufacture.

The key communication link between the
two technologies of CAD and CABM is computer
graphics. Computer graphics involves the
conputer-genetated drawing of an  actual
physical object or a schematic representation
of an integrated system. Interactive comput—
er graphics is the modality used to enter,
update, and change geometric data in a
CAD/CAM systan, Indeed, the graphical
interaction between the designer and the
computer creates a synergism which is the
current key to industrial computer-aided
design applications.

Engineering educators generally agree
that computer graphics should be incorporated
early into the undergraduate curriculum.
However, as in the case of most new techno-
logies, the methods and materials for teach-
ing engineering computer graphics are less
obvious., Major constraints in the academic
implementation of computer graphics include
hardware acquisition, software development,
and insktructiocnal planning. Nonetheless,
several lowcost educational systams have been

developed that introduce the undergraduate
student to computer graphics and CAD early in
the curriculum. Denel (1979) was cne of the
first graphics educators to propose a
microcamputer-based CREATOR systan for freshe
man computer graphics projects at Texas A&M.
Using a commercially available programmeble
graphics terminal, Riley (1981) has described
a =mall system at the University of Minnesota

SPRING 1988

that is wused for mechanical design and
analysis. The use of home microcomputers to
teach CAD in an Introductory Structural
Design course has been explored at Washington
University in St. Louls (Charles, Galambos,
Gould; 1982). 1In addition, our group at the
University of Texas at Austin {Barr, Juricic,
Waddwlw, Lam, Parokh; 1981) has developed a
MINI-CAD systam that introduces freshman
mechanical engineers to computer graphics'
use in the design process, including
interactive digitizing and graphics modeling.

Overview of the MINI-CAD System

The MINI-CAD system is intended to be a
low-cost CAD training system that is centered
around an intelligent graphics terminal with
peripheral support devices such ag a digitiz~
er board and a pen plotter. The system is
configured in a design workstation fashion
and is user-friendly through the use of
canned software. Software modules have been
developed to assist the students in making
design drawings, to analyze design features,
and to search data bases for potential
design parameters.

Hardware Configuration

The hardware configuration of the
MINI-CAD system consists of several major
components as illustrated in Figure 1. The
heart of the system is a Hewlett-Packard
26472 intelligent graphics terminal. The
terminal has a raster CRT screen with a pixel
resolution of 720h x 360v points. The wicro-
canputer resident in the temminal is based on
an Intel 8080 §-bit  microprocessor,
dpproximately 15K bytes of core menory are
available for user programming on the
terminal, The terminal alsoc contains two
cassette tape drives that can each store
approximately 110K bytes of data.

A Houston-Instruments HI-7000 digitizer
board is interfaced to the graphics terminal
through a serial RS-232 port. The active
digitizing surface of the HI-7000 is 26 x 19
inches. Hardcopy output of graphical
displays can be obtained in twc ways. A
Hewlett-Packard HP-2631G dot matrix printer/
plotter is available for quick raster dump of
both alphanumeric and graphics information.
For finished quality drawings, an HP-2872
four—pen flatbed plotter can be used.

as presented in Pomona

Software Configquration

Software modules for the MINI-CAD system
have been developed for student use iIn
freshman design projects. The software has
been developed using BASIC plus &aCGL, a
graphics extension language supplied by
Hewlett-Packard. However, the application of
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BASIC is somewhat transparent to the user,
since all modules can be operated by simply
following a series of English-like commands.

In general, the engineering design
process can be divided Iinto sequential
stages: for example, conceptualization,
analysis, decision, and presentation, Each

major stage can be further divided into a
mumber of specific activities, as illustrated
in Figure 2. Each of these smaller blocks
represent a potential module for the MINI-CAD
system library. Qur group has already
developed a mumber of medules, for instance,
to perform a materials data search, to
analyze mechanical elements, and to produce
detailed multiview drawings. 'The remainder
of this paper will focus on a special set of
modules that permit interactive digitizing
and modeling on the MINI-CAD system.

Sketch Digitizing Module

The sketch digitizing module was designed
to interface the HI-7000 digitizer board with
the HP-2647A graphics terminal. Data is
transmitted serially wia an RS-232-C port in
blocks of 15 ASCII characters each time a
cursor button in initiated. The lead charac—
ter is a tag number that represents one of 12
buttons on the cursor that has been pressed.
Each X and ¥ coordinate is represented by six
characters, including sign, and there are two
field delimiters in the ASCIT string.

This first interactive graphics module
was developed to offer a twofold capability
for design students. In the digitizing mode,
students can transform sketches of arbitrary
geometry into computer drawings and have the
data stored on tape for future use. 1In a
menu selecting mode, the operator can choose
line types and can merge standard geometries
such as circles and rectangles with the
drawing.

PRINTER~/
PLOTTER
HP-26318

r=---==-=-=--==-- !
! i
. RASTER |
| CRT DISPLAY 1
! 720 % 369 1
1 1
| HP-26470 I
i !
DIGITIZER |
MICROCGMPUTER
HI-7Qeq 1 !
1 1
1 1
1 1
) KEY- TAPE |
DRIVES
1 BOARD e ,
H [

Figqure 1 - Hardware Configuration

MINI-CAD System.
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Figure 2 - Software Crganization for the
MINI-CAD System.
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Board and Menu Layout

Typically a user would tape a rough
sketch onto the active digitizer surface.

- C oo voard i This requires the initialization of certain
Th? 1?Y°“t of the dl%;?IZQE Saimuls parameters related to X-Y offset, scale
shawn in Figure 3‘. A top strip of the K factors, and skew correction angle, as
19" active digitizing surface has been dedi- illustrated in Figure 4. In order to define
cated to.a fmenu. Fr%} tpe mena, the usTr cag the working frame, the user digitizes three
select }1ne types, obtain common symbo 5 an poinks: (¥min, ¥min), (Xmax, ¥min), and any
g?cmetr%es, and perform Cowmand EUHCtlo?S' point along ¥Ymax. A skew correction angle
F%ve line types are available: so}ld, can then be calculated to account for a
hidden, center, cutting plane, and faint. horizontal frame border that is not parallel
The © mon symbols and geametries consist of . to the digitizer board's horizontal refer-
AFLOWS, Clr01e§' arcs,land rgctangles. ?he ence. A scale factor ko transform incaming
menu alse permits the insertion of graphics digitizer coordinates into arbitrary user-
text, and performs commands.such as plot defined units can be calculated using the
data, calculate area, and quit. The user formula shown in Figure 4
only needs to digitize any ?Olnt (pFeSS When selecting a line type menu item, the
cursor button) within a speclflc'menu item program also defaults inte a line plotting
boundary, apd the program automa?lcally sets mode, The multi-button cursor is an effec-
the apprepriate function into action.
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Figure 3 - Board and Menu Layout of the
HI-7000 Digitizer.
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Figure 4 - Parameters required for digitizer
initializatien.
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tive input device in this line plotting mode.
For example, button "1" is used to designate
plot with pen up, button "2" designates pen
down, and button "3" indicates to show a line
tanporarily without entering data into
storage, In this fashion, the user can
digitize an arbitrary seguence of lines, and
when the ™*" button is pressed, the program
returns to the menu.

Special Subroutine Functions for Digitizer

A number of functions in the mena list
have heen relegated to subroutines that are
called by the main program. For instance,
the rectangle menu item requires the digiti-
zation of two diagonal X-Y coordinates. The
subroutine can then use the skew angle, scale
factor, and X-Y¥ offset to plot the four sides
in user units. A special feature of this, as
well as other gecmetry subroutines, is that
the user can temporarily view the figqure
first bhefore the data is entered into
storage.

In order to use the circle subroutine,
the user must first digitize three arbitrary
points on the circle's circunference. The
circle center is determined by finding the
intersection of the two perpendicular bi-
sectors of lines joining the first and second
points, and the second and third points.
This intersection point can be found by
solving the two simultaneous equations for
center (X0,Y0) below:

T1X0 + TZYO + T3 =0
T4X0 + TSYO + T6 =0
where,
T, o= (X2-X1); T, = (Y2-Y1)
'I‘3 = (Xlz—X22+Y12—Y22)/2
T, = (X3-X2); Tg = (Y3-v2)
- 2 .22 .2

Te = (K2°-x3%4¥2°-v31%) 22

In the above equations, (X1,Yl), (X2,Y2), and
(X3,Y3) are the coordinates for the three
points digitized by the user. Once the
circle center is established, the radius can
be determined by computing the distance
between the first digitized point and the
center, With both the center and the radius
determined, a parametric circle can be drawm
in the incremental mode.

For the circular arc subroutine, the
center and radius of the arc are found in the
same way as the circle subroutine. However,
additional computation is needed to determine
whether to plot the arc clockwise or counter-
clockwise. This is accomplished by
determining and comparing the position of the
first and third digitized points, with
respect tc the middle point, based on the
calculated arc center.
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The dimension arrow subroutine
demonstrates the use of incremental plotting
in order to avoid mumerous calcualations
related to the arrowhead geometry. Instead
of computing the user-unit positions of the
arrowhead points each time, the relative
positions of the arrowhead points, which have
a fixed gecmetry, are invoked. Two digitized
points are reguired, starting with the tail
and ending with the arrowhead tip. Since the
relative coordinates of the arrowhead are
fizxed, the size does not change regardless of
the user units selected or the length of the
dimension line,

Data Structure for Digitizing

Each item digitized by the program is
displayed on the CRT screen and the data
related to that item is also stored immwedi~
ately on cartridge tape. The tape data file
is designed in a way that is compact ard yet
systematically structured. The beginning of
each data file contains Information related
to the initialization of the working frame,
Parameters stored at this time include the X
and Y scale facters, the minimum frame point
(X¥min,¥min) , and the maximun frame point
(Xmax , Ymax) .

Each data group starts with a label which
is actually the menu number. This label
identifies what type of data entries will
follow in this particular data group. For
instance, in the line plotting mode, the data
group would consist of the line type, the
(X,¥Y) coordinate, and the pen action., For
circle data, the group would include a label
(meru number 7}, and the {X,¥) coordinates of
the three points digitized along the circle.
It should be noted that all data are in user
units. An example of a digitized sketch and
the accompanying data file is shown in Figure
5.

low cost micro

computer—based education

The 2-D to 3-D Reconstruction Module

The second medule has been designed to
construct a 3-D wire frame model of an cbiect
by digitizing its three 2-D orthographic
views. The opetator Is required to follow a
set of instructions that include the
digitizing order of the views (top, front,
and right side) and the estaklishment of an
origin for each view., The order in which the
peints are digitized in each view is also
important since it will determine the line
comnections in the wire model. Interactive
graphical editing and 3-D object rotation are
special features provided in this module.
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Figure 5 - A

digitized

sketch  and

accompanying data file for the

figure.

Thectry and Program Development
for 2-D to 3-B Reconstruction

Encarnacac and Giloi {1973) have
degcribed a method for construction of a 3-D
model from its three 2-D orthographic views,
The method is based on the generation of a
points list and then a line list, The points
list consists of the three (X,¥,2) spatial
coordinates which are common te all three
orthographic views, Fram this peints list, a
line 1list consisting of all possible
connections in the wire model is generated.

The program development of the 2-D to 3-D
reconstruction module will be described using
an example. 'The operator is requested to
digitize three views of an object such as
illustrated in Figure 6, The origin of each
view {point 1) is set and the digitizing of
point connections in each view proceeds. The
user should start with the top view first,
then the front view, and finally the right
side view, This is necessary in order to
align the spatial coordinates in their
respective XY, ¥Z, and Y¥Z planes. The
mumbering of the points in each 2-D view is
arbitrary, but should bhe systematic.

The three view digitizing process
generates a set of lists of 2-D view points,
as illustrated in Figure 7. A 3-D spatial
coordinate list is next generated from the
2-0) lists, For example, the Y coordinate of
a point in the Xy list is taken, and the YZ
list is searched for the same Y coordinate.
If the search is successful, the Xy list is
searched for a point whose X and 2 coordi-
nates correspond respectively with the X
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coordinate of the given point from the XY
list and the Z coordinate of the given point
from the ¥Z list. Triples of X, ¥, and Z
values obtained in this manner constitute the
coordinates of a spatial point of the 3-D
wire model., A label index is next assigned
to each of these spatial points, Finally the
arbitrary numbers of the three views are
replaced with the new corresponding label
index, as illustrated in Figure 7.

The second task in this reconstruction
process is tc generate a list of all line
connections of the 3-D object. Such a list
is shown in Figure 8, Line comnecticns for
each view are based on the digitizing order
for that view using the new point index. The
2-D line lists are now searched for possible
line connections that exist in all three
views, in which case the line is assigned a
line index number. The collection of all
line indices constitutes all possible
connections in the 3-D wire model.

Up to this point, a list of all the
possible line connections of the 3-D object
is generated and the wire frame model is
displayed on the screen. The user is now
permitted to rotate the model to a better
viewing angle and to delete any incorrect
lines found in the 3-D model. Any line
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2 3
T4
1 ¥
2 3 2 3
zy 2

- 4 - 4
! X t ¥

Figure € - Three views are digitized by the

operator In a pre-established

Sequence.

deletion is accomplished by digitizing the
mid-point of the line to be deleted utilizing
the screen cursor.

Program Application and Limitations
of the 2-D to 3-D Module

The three views of the object in Figqure 9
have been digitized using this module and the
wire frame model is shown in a 3-D rotated
view. Due to memory constraints, only
objects with 30 spatial coordinates orless
can be constructed using this module. 1In
addition, due to the slow speed of the B-bit
processor on the graphics terminal, it may
take up to 10 minutes to construct the wire
frame medel.

The 3-D Model Maker Module

The third module enables the student to
build a three-dimensional model of a part by
piecing together simple 3-D components called
primitives, This method is similar to more
advanced modeling techniques used in industry
{Spur, Krause, Harder; 1982}, Although this
third medule is highly interactive, it does
not rely on the digitizer board for input.
Instead the user is required to interact
directly with the screen through a graphics
cursor and keyboard.

3-D Graphics Primitives

The complexity and number of 3-D graphics
primitives required in a modeling package
depends upon the application and needed
exactness, As pointed out by Chasen (1978),
a simple set of primitivescanbe used in
solving many engineering problems., In this
module, seven primitives were anployed:
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POINT| XY= | POINT| ®XZ- |POINT|Y2Z- RUHNIKG| POINT=-
NO,. | VIEW MO. YIEW HO. | YIEW INPEX COORD,
Hxy [x |y Hxz |x |z Nyz |y |z H x|yl =
1 2 |e 1 e|a 1 8 |a i gleia
2 81 2 g2 2 012 2 ale;2
3 1 1 3 L2 3 1|2 a a{i1!@
4 118 4 I 4 B 1|2
s ilr)2
& 1]54(®

POINT ] RY - POINT/| XZ= POINT| ¥Z~

HO. VIEW NO. VIER HO. | YIEW

Nxw x| v Hxz | % |2 Hyz Y]z

1.2 |eje| 1,3 (B[00 1 68

39 |o 1| 2,6 02| 2 62

By f1 )1} 8 ti2] 4,68 (1 ]2

6 tje] a,e (1 ]|@

Figure 7 - A points list is generated for
each view and an index of valid
spatial coordinates is determined.

1. rectangular priam {box)

2. right~triangular prism (wedge)
3, half-pyramid

4, right circular cylinder

5, circular cone

6. circular cone frustrum

7. sphere

This list of primitives is illustrated in
Figure 10, along with related graphical data
needed for each primitive. Also shown in
this primitive figure list is the total
number of data points needed to draw each
object.

The size of the primitive is defined by
shape data supplied by the wuser. For
instance, the size of the box is defined by
the lengths (a,b,c}) of the box height, width,
and depth., As a second example, the size of
a sphere is simply defined by a radius. The
secomd type of graphical data required is the
origin translation ({X0,Y0,Z0) in space.
Typically, the origin consists of a point in
the middle of the bottom surface of the
primitive, as illustrated in Figure 10.
Finally, rotational data ( 1, 2, 3) is
needed to describe the primitive's rotational
orientaation with respect to the X, ¥, and Z
axes. The one exception is the sphere which
does not require any rotational data.

Program Development of the 3-D Maker
Module

The program for the 3-D Model Maker is
highly interactive with the user. First, two
areas on the screen are assigned as the X-Y
rlane {top view) and the X-Z plane (front
view) ., The user selects from a nested series
of menus that are displayed on the screen, as
outlined in Figure 11, Typically, the user
would add a primitive object which is select~
ed from the primitive menu. By positioning
the cursor on the screen, the user seguen-
tially digitizes the reference point in each
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POSSIBLE POSSIBLE POSSIBLE
LINE [CONNECT~|LIME |COMMECT—{LINE |COMNECT~ LINE | COHNHN.
NO.JIOM IN HO. | ION IH HO. [ION IH IMDEX IN
XY-VIEY XZ-VIEW YZ-VIEW SPACE
Lxy jpt.]jpt. jLxz |pt.|pt. [Lyvz [pt.|pt. L pt.ipt.
1 1 2 1 i 3 i 1 2 1 1 2
2 b 4 2 2 4 -] 4 E 2 z 4
3 1 3 3 1 2 3 2 5 3 1 3
4 2 3 4 2 3 4 2 4 4 2 4
5 i 4 5 1 4 s 3 ] 5 ) 6
& 2 4 [ 3 4 3 4 6 ] 4 5
7 3 6 7 2 13 7 g 6 7 3 5
B 3 - 8 4 5 8 3 4 a 2 5
9 4 5 9 5 ] 9 3 5 9 1 6
ie 3 & i@ 1 & ie i 3
11 4 ] 11 3 ] i1 1 6
12 1 g
13 2 g
14 1 6
15 2 [

HNete: If a possible connection is found in all three line
tigsts, a connection in space is deftermined.

Figure 8 - An index list of all possible line
connections is obtained by
canparing line list of the three
views. Refer to Figures 6 and 7
for geometry data.

TOP VIEW (1)

FRONT VIEW (2) SIDE VIEW (3)

Figure 2 - B three view drawing of an object
(above) has been digitized and a
3-D rotated model of the object
(below) has been generated using
module 2.
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of the twec views. This process translates
the primitive in 3-D space and defines the
intitial shape of the object.

The user can next choose from a primitive
command menuz. For instance, the user can
change the shape of the primitive or can
rotate it about the three axes. If the user
is pleased with the display, he can return to
the main menu to add a new primitive. During

the meanwhile, a 3-D graphic model of the
part is being generated and stored in a
geametric display file.

Primitives added in this manner are built
in a wire frame model. For curved surfaces,
a grid technigue is used to adequately depict
the contour. Upon user command, the combined
primitives that constitute the model can be
rotated and then projected in an axonometric
projection. An example of a 3-D camera
housing that has been built and projected
using this module is illustrated in Figure
12,

PRIMITIVE SHAPE NO. OF GRAPHICAL
TYPE DATA 1 DATA POINTS
Box a,b,c 16
b ] T
‘I ) Yedge a,b,c 12
Ry i
j x Half-pyramid a,b,c 10
g o7
“ Cylinder R,h 48
%
hd
& . Cone R,h 3c
RN
& . Fustrum R,r,h 48
T ¥
x Sphere R 1

1With the addition of data Xo,Yo,Zo,AL,AZ;AJ to the Shape Data, the Graphic Model Data
of 5 primitive is defined. For exampls GMD for 3ox is: Xo,Yo,Z0,Al,A2,A3,a,B,c. An
exception to this is primitive Sphere which only has Xo,Yo,Zo,R a5 Q.

Figure 10 - Seven building-block primitive shapes
are used in the 3-D model maker medule.

22 ENGINEERING DESIGN GRAPHICS JOURNAL



HAIN HENU SPERING 1983

. ADD FRIKITIVE

DELETE PRIMITIVE

| REDRAW STOREP PRINITIVES
ROTATE ID MDDEL

. PRINT QUTPUT

. auiT

s LT

LEVEL 1

Enter selection (1=b},
then hit RETURN
i

PRIMITIVE HEWU

. BOX
. RIGHT ANGLED WEDGE
. HALF PYRAHID
. CYLINDER
. CONE
FUSTRUM
. BPFHERE
. EXIT TO HAYH HKENU

LEVEL 2

0y g b T e

ADD a primtive...

Enter selection {(1=8),
then hit RETURM

T

PRIMITIVE COMHAND

FPrass key...
LEVEL 3 . .MHODIFY SHAPE

L TRANSLATION

. .ROTATION

. .GTORE PRIHMITIVE
. .ESCAFE

muno—Xx

Figure 11 - A sequence of nested menus are displayed Figure 12 - Application of the 3-D model
on the screen in the 3-D model maker module. maker for a camera

design.

housing

Summary and Conclusions

graphics, introduction to engineering design,
and computer programming. As part of this
course, a frestman design project is assigned
which utilizes the MINI-CAD systan. In this
! I effort, the interactive graphics modules have
Austin, The system is based on a low-cost been used by desiqn students to digitize
hardware configuration that includes —an design sketches and to create 3-D graphics
intelligent graphics terminal, a digitizer models that were previcusly developed by
board, a printer/pletter, and a flatbed pen manual means. The students have heen very
plotter. As part of the MINI-CAD system, a receptive to the interactive computer
package of three software modules has been graphics modules and have incorporated the
developed that intreduces students to inter- graphic output into thelr design reports.,
active computer graphics technigues in the
design process. Specifically, the first
module interfaces a digitizer board to the
graphics terminal in order to facilitate
arbitrary geometric or mehu-driven graphic 1.
data entry. In addition, a second module has
been coupled to the digitizer board in order
to permit the construction of a 3-D picterial
from the three principal 2-D orthographic
views. A third interactive medule is used to 7.
develop a 3-D graphic model by piecing
tegether sequences of 3-D primitives. The
3-D model can then be viewed from any
user-defined rotational angle.

This set of software mcdules has been
tested and incorporated into a freshman 3.
Mechanical Engineering coutse at the Univer—
sity of Texas at Austin. The course combines
the three areas of traditional engineering

A  MINI-CAD system for undergraduate
engineering students has heen developed and
implemented at the University of Texas at

References

Demel, J.T., Kent, A.D, and Zaggle, W.H.,
"Computer Use in Freshman Design
Projects,”" Engineering Desian Graphics
Journal, Vol. 43, #2, 1979, pp. 2-12.

Riley, D.R., ard Erdman, A.G., "Computer
Graphics and Computer-Alded Design in
Mechanical Engineering at the
University of Minnesota," Computer and
Education, Vol. 5, 1981, pp. 229-243,

Charles, B.S., Galambos, T.V., and Gould,
P.L., "Micreccanputer-Based CAD Systems
for Engineering Education,"
Engineering Education, Vol. 72(8},
1582, pp. 791-793.

ENGINEERING DESIGHN @RAPHICS JOURNAL 23



SPRING 1983

4, Barr, R.E., Juricic, D., Waddelow, M.,
Lam, W., ard Parikh, H., "Development
of a MINI-CAD Systen for EFEducation,”
Proceedings, of 1981 ASEE Anpual
Conference, Los Angles, CA, June 1981,
pp. /716=771.

5. Encarnacao, J., and Giloi, W., "PRADIS -
An Advanced Programming System for 3-D
Display,™ Bmerican Federation of
Information Processing Societies, 5JCC,
Vol. 40, 1973, pp. 985-998,

6. Spur, G., Krause, F.L., and Harder, J.J.,
"The Compac Solid Modeler," Camputers
in Mechanical Engineering, Vol. 1(2}),
1587, pp. 44-53.

7. Chasen, S.H., Geometric Principles and
Procedures for Computer Graphics
Applications, Prentice-Hall, Englewood
Cliffs, New Jersey, 1978,

continued from page 7

REQUIRED: Using compass and straight-
edge only*, construct the two
circles which, in the general
case, will each pass through
the two given points A and B,
and which also will each be
tangent to the given circle,
one of the constructed
circles containing the given
circle within 1its dnterior,
and the other —constructed
circle being exterior to the
given circle.

*No calculations, no calculator of any
type (analog or digital), nec french
curve, no protractor, no scale, and no
trial-and-error or approximation solu-
tions are to be used, needed, required,
or allowed.
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Projections and Projection
Systems in
Engineering Graphics

check out the direct
method on page 9

Ravi Durvasula
Pennsylvania State University

One of the objectives of engineering
graphics is the two dimensicnal repre-
sentation, as multi-view drawings, of
three dimensional objects.

One method of deoing this s by
projecting an object ontc a plane. As
shown 1in Figure 1, the "projection® of
the plate is a tracing of the outline of
what is seen by the eye on a plane in
front of or behind the plate. The two
projections are mirror images of each

other.,
plane behind the ~——0-— 5. 5 i
object ///,,,
/_.'-"“' e IR ?z ]
"projection" 1s 12345

5

"orsjectors” are perpendicular
1o the planes

2 S ___cbject(plate)

L~
~ s
& 4~ ’//,, The egé"izgiEﬁnd wants to
/ 3//‘
///

- lane in front of
/ P
<=7 the cbject

L 2

Figure 1 - Projection of an object
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e 7
!
4 i 2
R
-~
-~
i 2
(a) cube plane or nage of
face view
123) front
3L87 top
2376 right side
1485 left side
5678 rear
1265 bottom
io 4
! -
i e
a”l—_ ’
I - = 04 T
~
i 2
{b) rectangular solid
planels) or name of
face(s) view
1,2,3,4,5 front
3,%4,5,10,59,8 top
2,3,4,9.8,7 right side
1,5,10.6 left pide
6,7,8,9,10 rear
1,2,7,6 bottom
Figure 2 - 0Objects used in the drawing

and discussions
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The objects used in the drawings and
discussions in this paper are shawn in
Figure 2. Also identified are the faces
or planes cn the objects and the views
which would yield a normal or true
representaticn of each.

Based on a particular way of taking

prejections (either onto a plane in
front of or behind the object), a
projection system <can be used that

produces the multi-view drawing of an
object.

third angle projection
is more logical

Quadrant System

Projection systems can be
illustrated by the use of three mutually
perpendicular planes (see Figure 3}.
The herizontal plane is parallel to the
ground and the frontal and profile
planes are perpendicular to the ground,.

The intersection of the horizental and
frontal planes produces four quadrants,
The object ({Figure 2a) is placed

successively in each
and the projections are recocrded. In
all of the guadrapts, the horizontal
plane is rotated 90" clockwise away fTrom
the frontal plane to use the multi-view
drawing (Figure 4}. In the second and
fourth guadrants, the multi-view
drawings have views overlapping, and
hence these oprojection systems are
discarded as useless. The two useful
projection systems that are obtained
from this arrangement are called the
first angle and third angle projection

cf the quadrants,
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? 3
| L
|
P I
1
-~
P 1
[ }
T k]
/ <
1 3 <
2 1 o4 . Y -] | ¥+
! Je |

& —t ——— LY o]
A z z P =
-~ -
g ! I — g “i\\\\_iw
acbb'o'a' - ISt gnadrant -

o~ HP - Horizontal plane

L 1 % nd / ”T
cobb'o'e' « 2 quadrant Pf.ﬂ TP - Frontel plane
codd’ol et — 31-(1 quadrant A FP - Profile plane

th

1,131 o R . -

doaa’o'd 4™ quadrant Figure 3 - Projecticn systems with
horizontal, frontal, and

profile planes

Freny FF s HF
L2 3(7) E g2 7080
. s i ! 206 3
Figure 4 - Multi-view drawings for the (50 # e )
projection systems of
Figure 3
8 (22 78 ¥ & 3
@ EXA¥ ; é"-) 2 (6)
Y-t HA Erert FP
First quadrant projecticn system. Third guadrant projection system
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A
AY

N
AN

/ 9]96
ﬂ(
e P
FromT
Figure 5a - Glass box arrangement, and
the projections taken on a
plane in the front of the
object '
10 L) q X )
* mumbers in parantheses are hidden points
5¢1) [ 3
g T
\ ape 10¢s) 10¢2) gLw) Se10) wca) o €S 410
I 18] ey _| ta> \3(8) 2 &
! 'u'u Y6 e ic2) FL] 2L 221y 186>,
! REAR LEFT SIDE Erowr Rl SPE |
s [ 2y
Figure 6b - Multi-view drawing of the |
glass box arrangement of ]
Figure 5a |
6C1p) o Y
20 oy
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BRop T

P

Figure 62 - Glass box

arrangement, and
the projections are taken on
a plane behind the object

systems respectively, being named after
the quadrant in which the object is
placed. The use of a profile plane(s)
enables us to obtain the side view(s) of
an object,

Glass Box System

Projection systems can also be
illustrated by the use of a glass box.
An object 1is placed in a glass box and
looked at from the six different sides
of the box. The projections are
recorded in the manner described
earlier, and the glass box is opened up
to obtain the multi-view drawings of the
object.

Figure 5a shows the glass hox
arrangement and projections of the
object (Figure 2b) with projections
taken on planes in front of the object.
Figure Bb shows the multi-view drawing
for the glass box arrangement of Figure
ba,

Figure 6a shows the glass box
arrangement and projections of the
object {Figure ZbL with projections
taken on planes ehind the object.
Figure 6b shows the multi-view drawing
for the glass box arrangement of Figure
6a,

The glass hox arrangement of Figure
6a is the same as the first angle
projection system and the glass box
arrangement of Figure 5a is the same a$
the third angle projection system,

Observations

1 = In both (first and third angle) the
projection systems, the front view of
the object is used as a reference about
which all the other views in the multi-
view drawing are pivoted.

2 - In the first angle projection system
the top view appears below the frant
view, the bottom view appears on top of
the front view, the right side view
appears on the left of the front view,
and the left side view appears an the
right of the front view, In the third
angle projection system the tep view
appears to the top of the front view,
the bottom view appears below the
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15D faz) 21
|
& |ie) Y] 78
Beorrpiy
L8 acin) 5o W ca) ofe) i) gLk e
3 8 \\ 3¢8) (8) | 8¢3D
2¢ci2 7L8) {)cs) Zep e 1) PYas) )
rRIGRT S0 Eront. LEFT 3P REAR
r0 (62 2 BL7)
sel) @ 3z
er
Figure 6b - Multi-view drawing of the
glass box arrangement of

Figure 6a

front view, right side view appears on
the right of the front view, and the
left side view appears on the left of
the front view. Considering the layout
of the multi-view drawing alone, the two
projection systems are the opposites of
each other while the corresponding views
{e.g. the front view in both the multi-
view drawings) are mirror images of each
other.

3 - The visible points between any two
adjacent views in the third angle
projection system are in the same order
(e.g. points 3, 4, and 5 between the top
and front views - see Figure 5b). This
is not so in the first angle projection
system.

Conclusion

In view of the above observations it
is ¢oncluded that the third angle
projection layout is more logical, and
it is easier to construct missing views
from given views.
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Computer Symbiotic Imagery J A
- ) {:}
‘t} f.ﬁ?;} s&,
jﬂ
{

William J. Kolomyjec, Ph.D., M.F.A.
Department of Engineering Graphics f
The Ohic State University

Symbiosis is the effect where the er{:j

visual whole is greater than the sum of J
its compeonent parts. This is an

excellent egample of a type of imagery a
naturally suited for the execution using

the medium of computer graphics. Any o
computer with graphics capabilities can o
be programmed to generate an array of

centers upon which individual modules cr

"tiles" can be centered. FEach module is

scaled to just touch adjacent modules,

The effect is a tesselation where each

module is a tile that interacts visually
with its neighbeor. If properly done,
individual modules disappear into the j
overall composition producing a

symbictic image,
The Applescft (TM) BASIC pregram
presented below was designed to generate
symbictic imagery. In this case two
complementary modules have been incerpo-
rated to maximize the effect. The j

listing consists of a main program and

two subroutines, There are sufficient

remarks embedded in the code to explain ;WJ Jrqﬁh
h tes, {@

how the program operates 1k . fmﬁ

Two modules shown in Figure 1 will

" demonstrate this powerful raphic

Module"B" Madule” A effect. The mecdules consist ?)f ptwo

3800 1850° + quarter circles or arcs whose centers

are in opposite corners of a square, It

is significant that the radii of the

arcs equal one-half the size of the

square in order that contigucus modules

align. The center of the square is the

270 | 90° 90% + [—aree center of the module, One module is

%ﬁgf called "A"™ and the other "B", and their

data is provided to the following

program by way of a nifty algerithmic
subroutine,

LI 0° Any number of algorithms could have

F**R . been devised to produce this or similar

data. This particular algorithm allows

control over the sampling rate.

Increasing the size of the module, or

Figure 1: Quarter Circle Modules
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SPRING 1983 456 FOR J = @ TO N

448 ¥ = M1(8,Jy + ¥CT:Y = M1i¢1,0) + YCT:F
= EmEE,J0

478 GOSUB 1886

488 NEXT J

479  GOTO S5

566 REM DRAW MODULE E

S18 FOR 4 = & TO M

526 ¥ = M24@,J + MCT:Y = M20i,00 + YCT:F
= B(Z,d}

538 GOSUR 16066

S48 MEXT J

SS6 NEXT K

Sé8  MEXT L

S78  REM TERMIMATION, HOLD IMAGE OM SCREE
M UNTIL RETURMW I% DEFRESSED

drawing the modules on a higher reso-
lution display, would necessitate
increasing the sampling rate of the
arcs., The actual points that make up
the arcs are calculated within two
nested logps utilizing some branching
logic. Notlce the arithmetic expres-
sions that are utilized in the array
subscript parameters., Also note, pen
{or beam) control values are generated
and stored in arrays as well,

After the data is scaled and stored

in manipulation arrays, these are .
counter translated to their respective G ISEUT A% TEXT
screen locations, A one-line coin- 797 E

ig@e- REM <{<{{< PLOTSUEBE > >

T
lippi lgorithm (line 430) lo 2rr>
flipping algorithm {line } employs 1618 REM PARAMETERE: X,Y AND P

the pseudo-random number generator to . a . .
choore one module of the other to be 1820 REM P UALUE IS5 BEAM CONTROL: 1=DRAM

. Z=pOVE
. 1 a
drawn, Thus each run preduces a unigue iaza REM FLIF ¥ COORD, &ND CORRECT ASPEC

tmage. T RATID (8,851
1648 REM PLQOT ARE&A: B{=X{=Z27%,8{=Y{=Z17
1858 Y9 = 192 — Y ¥ B.381 + 4.5
tes8 IF P = 1 THEM GGTO 11804
1878 (F P ¢ > 2 THEM PRIWT “PEM ERRORY:
STOP
188@ HPLOT *X,¥?
1698 RETURM
1188 HPLOT TO X,¥7
1118  RETURN
208 REM (£{<{{ GQTRCIRCMOD ALGORITHMILZ DA
Ta SUBROUTIME 23333
38 §i8 HOME 1 YTAEB 1@: PRINT "GEMERATING DA
TA. "
3826 REM DEFIME GTRE ARC SAMPLING RATE <M
82
186 REM  {{C<€ SYMBIOSIS 23203 3030 KRS = {6:N = Mg ¥ 2 - 1
118 REM 3848 DIM ACZ,NY ,BL2,MND
1@ REM COPYRIGHT 1783 W.J. KOLOMYJEC 2856 R = 56
138 REM IEse DATA ©,0,8,78
148 GLOSUE 3086: REM FORMULATE DATA 3878 DATAa 106,106,130 ,278
iS58 REM DIMEMSION MANIFULATION ARRAYS, O 3880 DATA A,10R,270,358
MIT FPEN COMTROL COLUMM HZ@yd  DaTaA  188,6,%0, 120
148 DIM MI1{L Ny M20 LN . 3188 FOR K = { TO 2
{78 REM DEFIME X,Y OFFSET Fiie FOR J = { TOQ 2
198 X0 = - R:¥0 = = R 3128  READ KCT ,YCT ,FANG, LANG
198 FTR = 6.2: REM DATA SCALE FACTOR 2138 REM  ADARFTED FROM AN ARC DREAWING SUB
289 REM ADJUST AND SCALE DATA ROUT EE
2ia@ FOR J = @ TO M 2i4p F = FaMG 2 8P 29877%
228 M1<0,J) = {Ad@,Jy + XO ¥ FTR 3158 L = LAMG ~ 97.27377%
238 Micl,Jy = {Adl,d + YO) X FTR 2lém P = 2
248 M2¢@,Jdy = {Bi@,Jy + X0 ¥ FTR 3178 FOR I = 0 TO M8 ~ 1
256 M2<1,J) = (B(1,J) + YOO ¥ FTR 3128 PCT =1 / (NS - D
248 MNEXT J 3178 AN = (L - F)» X PCT + F
278 REM 2288 X = E ¥ COS {AMY + XCT
28680 REM DEFINE IMAGE ARR&Y CONSTANTE 4218 Y = R ¥ SIM &AMy o+ YCT
298 XL = {51KR = 255 3220 IF K = 2 THEMW 3284
386 YB = 16:7T = 178 3238 IF J = 2 THEN 324A
318 J¥ = 13:JY = 1@ 3240 ~@,1) = XaAadl, iy = YiAcZ2.i) = P
32808 HGRZ : HCOLOR= 3: REM IMIT GRAFKICS 3258  GOTO 3326
338 REM ROWS 3248 ALE,I + MS) = M:Adl,! + MEY = YiAC2,1
348 REM USE DUUEBLE LOOFP TO DReld JX BY JY + MEy = F
ARRAY & GEMERATE CEMTERS : 2278 GOTO 3326
3568 FOR L = 1 TO J¥ 3238 IF J = 2 THEMW 331iE
2348 YPCT = £L — 12 ~ 07 — 1} 4298 BO(A,I) = X:BLi,I) = YiB(Z2,Iy = P
278 YLCT = YT - YB)Y ¥ YFPCT + YE 338 GOTO 3328
388  REM COLUMNWS G318 BLA,I + NS = XiBCl,I + NE) = YiB(2,I
3% FOR K = § TO JX + N8 = P
4098 XKPCT = K - 1/ (Jx - 1) 3328 P = |
4iE XCT = (¥R - XL) ¥ XPCT + XL 32338 MEXT I
429 REM RAMDOMLY BRANMCH TO & OR B 2398 NEXT J
436 IF RND 1) - 8.5 ¢ @8 THEW S@@ 33568 NEXT K
448 REM DR&W MODULE A 3388 RETURN
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The Brooks/Cole Engineer-
ing Division is a publisher of
authors and ideas.

Because we are a smaller pubiisher
with a growing new list in
Engineering, our sales staff is able
to give closer attention to each
individual titte. And because we are
a division of Wadsworth, Inc., we
are able to provide stability and
strength for our farmily of authors.

We hope that you as a reviewer of
our new materials wiil consider
jeining us in achieving our goai of
producing high quality learmning
materials for Engineering students.

EXPERIENCES IN
VISUAL THINKING,
2nd Edition

Robert H. McKim,
Stanford University.
210 pages. 11 x 8.
Kivarbound. 1980.

Through exercises and strategles,
this book revitalizes inherent
powers of observation and
imaginaticn for improving percep-
tion, creative thinking, visualizing,
imagining, and idea sketching. This
fresh apporach to engineering
design innovation directly chal-
lenges stereotypical thinking.

For further information or for
examination copy requests,

please write us.

rooks/Cole

Texts for Now and the Future

COMPUTER
PROGRAMMING FOR
GRAPHICAL DISPLAYS

Daniel L. Ryan,
Clemson University.
288 pages. |1 x 814
Kivarbound. 1983.

This engaging text or supplement
for any course introducing compu-
ter graphics technigues encourages
students to get on line as quickly as
possibie. There are many sample
programs and practice problems
for a varlety of settings and
disciplines.

COMPUTER GRAPHICS
PROBLEMS MANUAL
Daniel L. Ryan,

Clemson University.
Paperbound. 1983.

This workbock gives students
experience with the practical side

" of computer graphics.

Ray Kingman, Editor
Brooks/Cole Engineering Division
555 Abreqgo Street, Monterey, California 23940

INDUSTRIAL
TECHNICAL
ILLUSTRATION

Jon M. Duff,

Ohio State University.
200 pages. 11 x 84
Kivarbound. 1982.

Here at iast is a current and
carefully prepared treatment of the
fundamentals of technical illustra-
tion thatshows both the traditional
drawing aspects of techmca!
iflustration as well as the new
technologies such as photodraw-
ing and computer drafting. This text
is filled with helpful hints and
suggestions for upgrading average
illustrations to illustrations of
superior quality.

PROBLEMS IN
INDUSTRIAL
TECHNICAL
ILLUSTRATION

Jon M. Duff,

Ohio State University.
200 pages. 11 x 814
Paperbound. 1983.

This valuable workbook for
technical illustration includes
exarnples, practice problemns, and
complete worksheets.




288 REM  ADJUST AND SCALE Dateé
28 FOR J = & T i

22G MICE,Jr = (&(B,J) + WO ¥ F
238 FICL, 00 = 0l 0 o+ YD X O
298 MICE, T = (B(8,Jr + ¥O) EF
258 MECL,0 = ¢BCL, O+ YOy X OF
248 MEET 2

27e REM

I8 REM  DEFIME IMABE aRrReY CF
278 ¥L = 15ixR = 255

306 YR = 19T = (9@

3 I o= 1Z:dY = 1§

328 HGRz : HCOLOR= 3Z: REM 1M1
=38 REM  ROWS

346 REM _USE DOURLE | OCF T0 DE

ENGINEERIG DESIGH GRAPHICS JOURNAL Nonprof it 0rg.
CIRCULATION MANAGER - 5, Postage
DEPARUMENT OF ENGINEERING GRAPHIGS Bl

THE OHIO STATE UNIVERSITY bubugue, 1owa
2070 MEIL AVENURE COLUMBUS,OH 48210 Permit No. 477

(addrass cerresiion requestad )

industrial design page 8

AMERICAN SOCIETY FOR ENGINEERING EDUCATION



