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YOUR FIRST CHOICE IN ENGINEERING GRAPHICS

New! AUTOCAD FOR ENGINEERING GRAPHICS and
VERSACAD FOR ENGINEERING GRAPHICS 1988
both by GARY BERTOLINE, The Ohio State University

@ Offers students a complete, general introduction to the role of CADD in the engineering

graphics & design process
@ Carefully organized to present the specific CADD system as a versatile tool to be used in

standard engineering graphics projects
@ Based on most recent version of software available

ENGINEERING GRAPHICS rourth Edition, 1987

by FREDERICK E. GIESECKE and ALVA MITCHELL, both Late, Emeritus, of Texas A&M
University, HENRY CECIL SPENCER, Late, Emeritus, IVAN LERQY HILL, Emeritus, ROBERT
O. LOVING, Emeritus, and JOHN THOMAS DYGDON, alf of lfinois institute of Technology

@ Excellent illustrations, careful attention to recent technological developments, and a chapter
devoted to computer graphics distinguish the latest edition of ENGINEERING GRAPHICS.
The Fourth Edition has been thoroughly revised with the future engineer in mind.

New! ENGINEERING GRAPHICS PROBLEMS Series 1, Fourth Edition, 1988
by SPENCER, HILL, LOVING, and DYGDON

Also Available: ENGINEERING GRAPHICS PROBLEMS, Series 2, and
ENGINEERING GRAPHICS PROBLEMS, Series 3

TECHNICAL DRAWING eighth Edition, 1986
by GIESECKE, MITCHELL, SPENCER, HiLL, & DYGDON

New! TECHNICAL DRAWING PROBLEMS
Series 1, Seventh Edition, 1988
Series 2, Fifth Edition, 1988
Series 3, Fourth Edition, 1988

by GIESECKE, MITCHELL, SPENCER, HILL, & DYGDON

Also Available: TECHNICAL DRAWING PROBLEMS, Series 4, 1986
by GEORGE STEGMAN and JERRY JENKINS, both of Western Michigan University
ANSWER KEYS AVAILABLE TO ADOPTERS

FUNDAMENTALS OF ENGINEERING GRAPHICS rourih Edition, 1987
by JOSEPH B. DENT, GEORGE DEVENS, FRANK MARVIN, and HAROLD TRENT, af of
Virginia Polytechnic Institute and State University

DESCRIPTIVE GEOMETRY seventh Edition, 1987
by EUGENE PARE, Washington State University; ROBERT O. LOVING and IVAN L. HILL, both
of fliinois Institute of Technology, Emeritus; and RONALD C. PARE, University of Houston

WITH: DESCRIPTIVE GEOMETRY WORKSHEETS, Series A, Sixth Edition, and Series B, Fifth Edition
ANSWER KEYS AVAILABLE TO ADOPTERS

BLUEPRINT READING FOR THE TECHNICIAN 1987
by GEORGE K. STEGMAN, Western Michigan University

ADOPTION DEADLINE NEAR? :
For urgent adoption consideration only, DIAL TOLL-FREE {(£00) 428-3750 during our business hours, 8:30 AM-4:30

PM EST (in Indiana, call (317) 298-5513). or write:

MACMILLAN PUBLISHING COMPANY

College Division « 866 Third Avenue « New. York, NY 10022
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OBJECTIVES OF THE
JOURNAL

The objectives of The Journal are:

1. To publish articles of interest to
teachers and practitioners of Engineering
Graphics, Computer Graphics, and sub-
jects allied to the fundamentals of engi-
neering graphics education and graphic
technology.

2. To stimulate the preparation of ar-
ticles and papers on topics of interest to its

membership.

3. Te encour_aﬁe teachers of graphics
to experiment with and test appropriate

teaching techniques and topics to further
imptove the quality and modernization of
instruction and courses.
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4. To encourage research,
development, and refinement of theory
and application of engineering graphicsfor
understanding and practice.

DEADLINES

The following are deadlines for submis-
sion of articles, announcements, and ad-
vertising: FALL-September 15; WINTER-
Dscember 1; SPRING-February 1.

STYLE GUIDE FOR
JOURNAL AUTHORS

1. All copy is to be typed, double
spaced, on one side only using white
paper with black ribbon in standard Eng-
lish. Dot matrix copy is acceptable if high
quality.

2. Allpages ofthe manuscript aretobe
numbered consecutively.

3. THBEE copies of sach manuscript
are required.

4. Rsfer to all graphics, diagrams,
photographs, or illustrations in your text as
Figure 1, Table 1, etc. Be sure to identify
all material. lllustrations cannot be re-
drawn. Accordingly, be sure that all line-
work s black and sharply drawn and that
text is large enough to be legible when
reduced to 4.25" in width. Good quality
photocopias of sharply drawn illustrations
are acceptable,

5. Submit a recent, glossy black and
white photograph (head to chest). Make
sure that your name and address are on
the back. Photographs, illustrations or
other submitted materials cannot be re-
turned without postage prepaid.

8. The editorial staff will edit manu-
scripts for publication after return from the
board of review. Galley proofs cannot be
returned for author approval. Authors are
encouraged to seek editorial comment
from their colleagues before submission.

7. Enclose all material, unfolded, in a
large envelope. Use heavy cardboard to
prevent bending.

Continued inside back cover.
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Jon M. Duff, Editor

Many campuses are abuzz
with discussions of what to do
during the impending shortage of
college faculty. That thereis a
greying of the professoriate is
well known. By many estimates
nearly half of those teaching in
colleges today will be retired by
the year 2000. You need look no
further than the latest issue of
Engineering Education to sce
concern for the professor short-
age. Add to this a bottoming out
in the decline in the college-age
population and you can see that
all of us in higher education are
in for some difficult but interest-
ing times.

In graphics, we are and
have been experiencing this
problem. Where to find qualified
and interested faculty, how to
groom faculty in-house, how to
retain faculty, and how to pro-
mote those who do stay—-all are
issues that continue to be ad-

dressed. I would like to attend to
one of those issues in this
column., ,.possibly each of you
might consider what you have
done either to contribute to this
problem, or to its solution.

The problem I’'m speaking
about is the aura we seem to

4 | surround ourselves with, the aura

of great knowledge. When I was
an undergraduate I never dreamed
of becoming a Professor becanse
professors, you know...they
professed. They professed about
a lot of things, about almost

FROM THE DESK OF THE EDITOR

Professor? They quoted chapter
and verse out of the books they
had written; they knew the entire
ANSI standard; they had memo-
rized all trig functions in mul-
tiples of 5 degrees; they knew the
serial numbers of every Timken
tapered roller bearing manufac-
tured in the past forty years; they
could cite the torque values of
every fastener on a GE jet engine,
And this was just a start! They
could ask questions on a test that
made you look around the room
to see if you hadn’t by mistake

"How could I, in my short lifetime, ever
hope to aquire the knowledge of ...A

Professor?"”

everything. They acted professo-
rial, They seemed so intelligent
and knowledgeable about their
discipline that they appeared
bewildered at an undergraduate’s
simple questions. Their under-
standing was so deep that simple
explanations became obtuse.
They rushed here or there to do
something important, and we as
students simply tried to stay out
of their backwash lest we be
bowled over. How could 1, in my
short lifetime, ever hope to
acquire the knowledge of...A
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dropped in on a class on nuclear
brain surgery. Little did I know
back then that none of this was
the business of being a professor
and that being brilliant took a
distant back seat to having a
genuine interest in acquiring
knowledge, being inquisitive, and
developing a devotion to your
discipline.

Are we discouraging
future professors by continuing
an aura of academic elitism? Are
we attracting only those who

Continued on Page 6
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Another successful EDGD
Midyear Meeting was held this
past November in Louisville.
The meeting was well-attended (I
counted 85-plus heads at the
Business Luncheon), and the
twenty-five technical presenta-
tions were both informative and
stimulating, as we all brace for
the era of 3-D Engineering
Graphics. For the first time in
recent history, a bound proceed-
ings of all papers presented at the
meeting was produced, which
greatly enhanced the professional
stature of the meeting. 1 trust
that this precedent will establish
a quality standard that all future
midyear meetings will aim for.

Successful gatherings do not
happen automatically. Special

A MESSAGE FROM THE DIVISION CHAIRMAN

facilities planner, and was re-
sponsible for the excellent ar-
rangements at the Galt House.

» Frank Croft was pro-
gram chairman, and was editor
of the inaugural midyear Pro-
ceedings.

+ Dick Latimer was an
able assistant to Bob Matthews
and helped with registration.

» Dean Gerhard of the
Speed Scientific School at the
University of Louisville, which
graciously hosted the event.

+ General Electric Corpo-
ration, who provided an eye-
opening, computer graphics-
filled tour of their plant.

“Coursework devoted to developing
drafting skills may not be used to
satisfy the engineering design
requirement.” At Guidetines

people are always behind the
planning and organizing of
successful events, and I would
like to acknowledge those special
persons who contributed to the
Louisville Midyear meeting:

+ Bob Matthews was
overall meeting chairman and

+ All moderators and paper
presenters, for providing the
innovative, technical information
which we all came to the meeting
to hear.

Beside the excellent technical,
business, and social events that
transpired at the meeting, two

important ad hoc committees
were formed in Louisville.

Yt 1.The Ad Hoc Commitiee
t for Review of the Engineer-
*ing Design Graphics Jour-

nal was charged with the
responsibility to thoroughly
review all operating facets of
the Journal. The committee will
study the recently established
paper review process, the layout
style of the Journal, sources for
advertising, and publication
timetables. The committee will
also investigate whether a
permanent desktop publishing
system should be acquired by
theDivision for the original
layout of the Journal. Merwin
Weed, Garland Hilliard, and
Bob LaRue were asked to co-
chair this important committee,
and I am sure they would
welcome your input.

2.The Ad Hoc ABET Study
Committee was formed to
study clauses in ABET Accredi-
tation guidelines and to formu-
late a proposal for changes
which cast a better light on the
importance

of engineering graphics in engi-
neering education. If you read
the guidelines, you would note
that the only mention of graph-
ics in the General Criteria is a
negative statement:
“Coursework devoted to devel-
oping drafting skills may not be
used to satisfy the engineering
design requirement.”

Continued on Next Page
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Chairman's
Messqge from page 5

Editor

Continued from Page 4

There is no positive support
anywhere for engineering graph-
ics, engineering drawing, or

* computer graphics. While there
are strong statements for both
written and oral communication,
there is no mention of graphical
communication skills. The
committee ultimately would like
to change this existing condition,
 and we need your support! If
you have any thoughts on the
matter, and in particularly if you
have any documentation that
supports our belief in engineering
graphics, please forward them to
me. This support can take the
form of:

+ Papers

» Surveys

¢ Industrial Sponsorship
*» Letters and Citations

» Government Reports

I will be chairing this committee,
and plan to place a high priority
on its success during the 1988-&9
time frame. Please contact me at
the address or telephone numbers
below. We need your help!

Ronald E. Barr
Mechanical Engineering
Department
University of Texas at Austin
Austin, Texas 78712
(512) 471-3008

view the professoriate as a haven
for the elite?

If students only knew that
being a professor, like any other
job, is 10% inspiration and 90%
perspiration! Being a professor
means acknowledging that
something new is learned about
your discipline—its teaching and
learning— every day; moreover,
as a professor you actually enjoy
leaming something new every
day. It's what drives you along,
keeps you going. You're not
afraid of a student who knows
more about a given topic than
you do because the acquisition of
knowledge is your business. No
one is keeping score on students
vs. professors.

What is the problem in
Engineering Education? Under-

graduates, especially engineers,
find out rather quickly that the
world of work can be boring,
without challenge. Why is that?
Possibly it is because engineering
as it is taught in colleges and
universities, and engineering as it
is practiced in industry, are two
very different animals. Our
engineering students, in reality,
aren’t being prepared to be
engineers, rather they are being
prepared to be future engineering
faculty. The question is, why
don’t they realize that? The
characteristics of new problems,
new knowledge, changing sched-
ules, and self-directed time
management that are part of the
undergraduate engineering cur-
riculum are often lacking on an
engineering job. It would seem
that collectively we need to
spread the word that a career as a
professor may just be the best job

there is. %

Editor Suggests Rethinking of

Computer Choices

Paul Schrier, editor of Personal Engineering & Instrumentation
News, reported in a recent issue that "IBM has lost its lead. True most
engineering applications still run on the IBM, but the excitement has
shifted to other platforms. Further, new hardware and software products
for engineering tasks are changing the way you'll look at technical
computing."

He goes on to say "users must rethink their choices of host
computers. IBM by no means continnes to have a lock on such
applications and we don't see any developments that indicate that IBM
is terribly interested in technical users. Other host vendors, in contrast,
are making their units ever more attractive. Prices are dropping to the
point where you can have more than one kind of computer at your
workplace and enjoy the best of all worlds." %

6 ENGINEERING DESIGN GRAPHICS JOURNAL
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News and Notes

Who is looking for
faculty this next year? The
EDGJ runs job notices free
of charge to member
schools. Send notices of
retirements, promotions,
etc. to the Division Editor.

A

You should have
completed the ABET Survey
Sheet that may have been
mailed to you. A positive
comment by ABET on
graphics would be a real
boost.

#p

If you are going 1o
Vienna for the International
Conference, lef the Editor
know. | would fike to pub-
lish a list.

#p

Read with interest the
proposal for EDGD history
on page 9. Afineideaq.
Another project might be a
list of publications of current
and past EDGD members.

£

ASEE Annual Meeting
, Portland Oregon
see page 32

EDGD Notes the Passing of a Long-
Time Graphics Teacher, ASEE
Leader

RALPH SEAL
PAFFENBARGER
|
Ralph S. Paffenbarger, Professor Emeritus of Engineering Graphics
at The Ohio State University, passed away in Columbus, Ohio, on
January 21, 1988, at the age of 93. Following in the footsteps of
Thomas E. French, Professor Paffenbarger chaired the OSU Depart-
ment of Engineering Graphics during his last 20 years of service on
the faculty prior to his retirement in 1964.

Professor Paffenbarger was a long-time member of ASEE and a very
active and enthusiastic member of the Engineering Design Graphics
Division. He served as Chairman of the Division in 1950-51, and
received its Distinguished Service Award in 1956.

Professor Paffenbarger was also a very active participant in the work
of the American Standards Association, now the American National
Standards Institute. He was a member of both the Y14 and Y15
Committees. He served as Secretary of the Y 14 Committee during
much of the period of development of the ANSI Y14 Standards for
Engineering Drawing and Related Documentation Practices.

“Paffy” was a dyed-in-the-wool BUCKEYE. He designed the first
seating plan for the OSU Football Stadium prior to its dedication in
1922. He officiated at Ohio State track meets from the time of Jesse
Owens until well after his retirement, acting as Head Judge for most
of those years. He was a member and Secretary of the OSU Athletic
Board for several years. He prided himself on having not missed a
single day of teaching due to illness in 44 years at OSU, and on being
in attendance at all Ohio State home football games for over 50 years.

The Ohio State University recognized his dedicated career by award-

ing him its Distinguished Service Award in 1977.
Professor Paffenbarger was one of the last of a vanishing group of
distinguished pioneers in engineering graphics and engineering

education. We sadly note his passing.

Clyde Kearns

ENGINEERING DESIGN GRAPHICS JOURNAL 7
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A REVIEW OF PRODUCTS AND SERVICES

PRENTICE-HALL INTRODUCES
TWO SOFTWARE-KEYED GRAPHICS

Learning CAD With AutoCAD
by Mihir K. Das, California State
University, Long Beach. 1988.

This spiral-bound text
represents a new breed of text-
workbooks. It does not make any
pretensions to be a graphics text-
book. Rather it, as does the
Reichard book also reviewed here,
assumes that graphics knowledge
has been acquired elsewhere and
the task at hand is to apply a par-
ticular software tool to the produc-
tion of engineering drawings.
More precisely, in the case of Das,
not to the production of drawings
but to the mastery of geometric and
textual operations that at a later
date might be combined into a set
of skills necessary for production
drawing.

The book is uniformly for-
matted sothat information is found
in the same location on each
page...a desirable feature if the
book is to be used as a reference.
The depth of concept explanation
however makes this book more
suitable for training than for edu-
cation. All traditional CAD topics
are covered in a format not unlike
traditional FORTRAN texts.

There is no reference to

TEXTS.

using AutoCAD as a design tool
though AutoLISP routines are
briefly covered. The lack of
production or design examples,
however, does not do justice to
the tool's capabilities. -ed

Exploring CADKEY by David
C. Reichard, Charles County
Community College. 1988.

The other major IBM PC
CAD software package is covered
in this student-oriented text. A
spiral format allows for laying the
book flat on a table. This is less
of a reference book of possible
commands, and more of a student
tutorial guide. The writing is
more conversational, and thereby,
more educational. Each chapter
begins with specific objectives,
followed by instruction, ex-
amples, tutorials, and student
assignments. The author goes into
detail about the functionality cf a
particular CAD command, mak-
ing this book suitable if a broad
understanding of CAD concepts
is an important objective. Both
books unfortunately treat model-
ing as an application of computer
drawing rather than drawing as an
outcome cf the modeling process.

-ed
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Larry Goss
University of Southern
Indiana

“There is No History of Com-
puter Graphics before, say, 1968

I heard that statement
made at the mid-year meeting in
Louisville as you and others in
attendance did also. Those of us
who have been working with
computer graphics and computer-
aided design since before that
time were aware of its error, but
said nothing about it at the time,
I was asked by one of the vendors
in attendance at the mid-year
meeting why the statement was
not challenged. My response was
that we were just too polite to
engage in public argument.

But now you have given
the statement credence by restat-
ing it in print (EDG Journal,
Volume 51, Number 3, Autumn
1987, page 4). Let me assure you
that computer graphics does have
a history before 1968-—way
before.

In 1968 I was working
with a computer graphics hard-
ware/software system from IBM
that was so old and out-of-date
that IBM no longer supported it
and was giving it away. In 1963,
when I was teaching at Purdue, 1
was assembling literature from
vendors in an attempt to find
turnkey computer graphics
systems that were affordable for
use in the engineering graphics
department. In the early 60’s.

Continued on Page 16
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The Executive Committee of

The Engineering Design Graphics Division - ASEE
Requests Proposals on the

History of the EDG Division

Background

The EDG Division of ASEE was founded in 1928 and is 60 years oid this year. In 1993,
ASEE will celebrate its centennial anniversary at the Annual Summer Conference to be
held at the University of lllinois. The EDG Division has a very rich tradition of people,
places, and events that have greatly contributed to engineering education. Some of this
tradition perhaps has been documented through the years in various issues of the EDG
Journal. It would be a fitting tribute, in keeping with the centennial ce;ebration of ASEE, that
a book be professionally produced on the “History of the EDG Division.”

Proposal
The proposal should be brief (four type-written pages) and should include:

1. The author (or authors) qualifications to write the book should be clearly stated.

2. The plan of approach and sources of EDG history information should be identified.

3. The types of archival information to be included in the book, as well as the style of
prose, should be indicated.

4. The project timetable should be outlined, bearing in mind that it is desirable to have the
finished product before 1993.

Budget

It is expected that the time spent to author the book will be donated as a service to the
EDG Division, hence no salaries can be accepted in the proposal. However, in orderto
entice serious professionals, a 15% author’s royalty, above production costs, is permiss-
ible. Budget items for secretarial assistance, copying costs, telephone, mail, and justi-
fiable travel costs can be included.

Deadline
Please submit your proposal by June 8, 1988 to:

Dr. Ronald E. Barr, Chairman
EDG Exectutive Commiitee
Mechanical Engineering Department
University of Texas at Austin
Austin, Texas 78712

inguire: (512) 471-3008

ENGINEERING DESIGN GRAPHICS JOURNAL 9
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The review process of the Engineering Design Graphics Journal can be
long and time-consuming. Papers submitted to The Journal are first reviewed for
timeliness and subject matter applicability by the Editor. If a paper is appropriate,
it is forwarded to the Technical Editor who distributes copies of the paper to mem-
bers of the Board of Review whose technical areas maich the paper's content.
When returned, the paper may be accepted for publication, accepted conditionally
for publication pending revision by the author, or rejected for publication. Of sub-
mitted papers, The Journal currently accepts 30%, conditionally accepts 18%, and

rejects 52%.

Graphical Aspects
of Numerical Analysis

M.M. Khonsari
University of Pittsburgh

D.E. Brewe
AVSCOM
NASA Lewis Research Center

INTRODUCTION

The widespread availability of
digital computers and substantial
increase in computing power in
recent years has resulted in
computers becoming a major
research tool in all branches of
engineering and science,
Today’s engineers rely heavily
on computers to study a new
design before building an actual
prototype of the model.

Most physical systems can be
mathematically represented with
a set(s) of differential equations
having appropriate boundary (and
initial) conditions. The governing
equations of a system may be
linear or non-linear and are
categorized as Ordinary Differen-
tial Equations (O.D.E.} or Partial
Differential Equations (P.D.E.).

Inherently, information is re-
quired from numerical analysis
that is often overwhelming.
Further, if the information is
received as numerical output, it
cannot be easily perceived in an
immediate and integral fashion.
In other words, many of the
important details of the results
such as the location and magni-
tude of peaks and valleys (maxi-
mum and minimum) are lost

10 ENGINEERING DESIGN GRAPHICS JOURNAL
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mainly because of the quality of
output. In this regard, graphical
representation of data becomes
far more superior to numerical
data. Hence, computer graphics
has become an essential part of
numerical analysis. In recent
years, tremendous progress has
been made in the area of com-
puter graphics. The designer is
now equipped with advanced
CAD systems capable of per-
forming large scale simulations
as well as interactive computer
graphics.

This paper discusses various
forms of graphical data presenta-
tions utilized in numerical analy-
sis. Graphical aspects of two
widely used numerical methods
known as the finite element
method and finite difference
method are discusses. In addi-
tion, a case study of animation of
numerically generated data is
presented. The study pertains to
the effect of cavitation on the
performance of a dynamically
loaded journal bearing.

FINITE ELEMENT METHOD
(FEM)

Finite element method was
developed primarily for calculat-
ing stress/strain and deformation
in structural analysis. Although
FEM is extensively used in the
field of solid mechanics, it has
been successfully applied to
problems in other areas such as
thermal science and fluid me-
chanics.

Fundamentally with the FEM
method, the continuum defined as
the body of geometry is divided
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Figure 1

Mesh of Three-Dimensional Elements
Formed Using Gear Solid Mode] Geometry,

Displacements from Structural Analysis
Displayed Using both Surface and Wire
Frame Graphics.

Figure 2

into a series of mesh elements
which can be of various shapes
such as triangular, rectangular,
etc. In this fashion, FEM casts
the problem in an integral sense
so that the solution to the govern-
ing differential equation is a
piece-wise approximation to the
problem.

The greatest strength of the finite
element method is in the han-
dling of arbitrary geometries such
as curved boundaries whereas the
finite difference method is best
suited for rectangular geometries.
Because of the flexibility of FEM
to complicated shapes, the
method has created a great
market for development of
commercial software packages.

One of the essential features of
such FEM packages is an auto-
matic mesh generation routine
with mesh refinement capabilities

in critical regions of the geometry
where greater resolution and
accuracy are needed. An example
of a three-dimensional mesh
element is shown in Figure 1
which depicts the geometry of a
solid gear. Figure 2 presents an
exaggerated plot of the gear when
subjected to externally applied
torque. All boundary conditions
for this example were entered
interactively. With the aid of
interactive graphics one can
observe results of changing
parameters both as shaded sur-
faces or wire-frame models. This
provides immediate feedback to
the analyst.

FINITE DIFFERENCE
METHOD (FDM)

Finite difference method was
developed long before the method
of finite elements. Fundamen-
tally it is based on approximate
representation for the derivatives

appearing in a partial differential
equation. Thus as opposed to
FEM which provides a piece-
wise approximation to the equa-
tion, FDM is a point-wise ap-
proximate solution. Finite differ-
ence method tends to exhibit
more similarity to the underlying
governing equation derived based
on physical laws. It is therefore
easier to understand However, it
is best suited to geometries of
simple shapes, although mesh
generation routines for a finite
difference solution in compli-
cated geometries are available as
well. Furthermore, through some
suitable mathematical transfor-
mation, it is possible to map the
physical domain into a rectangu-
lar computational domain so that
a finite difference method can be
easily and effectively applied.
For example, the convergent-
divergent domain shown in
Figure 3a can be transformed to a

ENGINEERING DESIGN GRAPHICS JOURNAL 11
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rectangular domain as depicted in
Figure 3b by making the transfor-
mation of y* = y/h(x).

Finite difference programs are
much easier to develop than
finite element programs. How-
ever, they are mostly unique to
the geometry being modeled and
the program is not easily transfer-
able to other geometries.

GRAPHICAL PRESENTA-
TION OF NUMERICAL SO-
LUTIONS

Large amounts of numerical data
can be interpreted much easier if
presented in graphical form.
Various forms of plots are avail-
able for presentation purposes.
For most applications the results
are displayed on a plotter me-
dium. However, for presentaticn
of long documents particularly
those containing a time-depend-
ent element, it may be necessary
to store results on videotape.

The earliest (most primitive) type
of diagrams which became
available on interactive computer
graphic systems were column

diagrams and histograms used for
displaying functions of one
variable. The next generation of
graphical packages added the
capability of plotting ordinate
versus abscissa type diagrams
with an option for smoothing the
data which can be done by linear
interpolation of the data. Several
curves can be plotted on the same
diagram using colored pens and/
or with different line styles such
as dashed line, center line, etc.
Representation of numerical data
that are functions of two and
three dimensions require more
sophisticated software. Among
the methods available are the so-
called marker clouds and contour
plotting. Marker clouds is a
popular method of presenting
material movement in the field of
fluid mechanics. Basically,
markers of different sizes can bz
displayed based on the material
density: the larger the density,
the larger the size of the marker.
The disadvantage of the method
is that, depending on the plotting
medium, it may be very time
consuming to plot all markers.
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A contour diagram is probably
the most popular method for
representing a scalar function of
two variables in a single plot.
Contour plots provide an imme-
diate feedback on the numerical
solutions so the analyst can
quickly identify the regions of,
for example, high stress concen-
trations in a structure or hot spots
in a bearing. Most commercial
packages only display contour
plots in a rectangular shaped
geometry. See, for example,
Figure 4 which shows the con-
tour diagrams of isotherms in a
bushing surface on a journal
bearing. By a suitable coordinate
transformation, one can easily
display a more realistic plot of
temperature as shown in Figure
5. These results were obtained
by finite difference method.

The next degree of sophistication
is the display of three-dimen-
sional plots using surface algo-
rithms. Such algorithms are
generally very time-consuming
since a hidden line removal
algorithra must be used. Figure 6
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presents a plot of the pressure
distribution generated in a dy-
namically loaded bearing. This
plot represents a typical frame of
motion-picture graphics dis-
cussed in the following section.

A study was made to analyze a
dynamically loaded journal
bearing using a computer gener-
ated movie. The rationale behind
this study was:

a. to get a clear picture of the
fluid dynamics of the lubricant as

are subjected to a condition
known as cavitation during which
the dissolved gases in the lubri-
cant come out of the solution.
Two forms of cavitations ob-
served in bearings are known as
gaseous and vapor cavitation,
Theoretical study of cavitation in

/— BUSH AHBIENT INTERFACE

Figure 4

OIL-BUSH
T INTERTACE

Figure 5

ANIMATION

One of the most fascinating
aspects of computer graphics is
animation. The ability to create
motion pictures by computer has
become a reality in recent years,
particularly for computer gener-
ated arts; computer animation in
science is growing in popularity
as well. The results of a numeri-
cal study, particularly time-
dependent problems, can be
animated. Such a method of data
presentation can be used for the
purpose of testing a new compu-
tational algorithm, a new design,
or for studying the physics of
complicated phenomena.

it travels inside the bearing;

b. to predict the results of
some experiments conducted at
NASA Lewis Research Center
which required high-speed pho-
tography;

¢. to understand the details of
the formation of vapor cavitation
and its effect on the stability of
dynamically loaded journal
bearings.

It is well-known that journal
bearings are an important compo-
nent of almost all rotating ma-
chinery. The surface of the
rotating element, namely the
shaft, and the housing is separated
by alayer of fluid film. Bearings

has been the subject of various
rsearch papers, a summary of
which is given by Dowson and
Taylor [8]. The importance of
including a realistic model in the
design stages of a bearing is of
considerable importance since it
influences the bearing perform-
ance. Further, cavitation is
known to play an important role
in the stability of hydrodynamic
bearings. There are various
forms of instabilities that may set
in rotor-bearing systems. One of
the most serious forms is known
as the oil-film whirl. This unde-
sirable phenomenen gives rise to
the transmission of vibration
throughout the equipment which

ENGINEERING DESIGN GRAPHICS JOURNAL 13
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may cause fatigue on the bearing
compenents and leads to an
ultimate failure.

It is now known that whir] insta-
bility is a form of a self-excited,
self-induced vibration, meaning
that the motion is controlled by
the motion itself. The self-
induced vibration continues to
build up with the speed as the
self-excitation continually trans-
fers energy to the system. There-
fore, if the speed of rotation is
increased above the whirl thresh-
old, the large orbiting amplitudes

results in bearing failure [4].

A cavitation algorithm was
developed for dynamically loaded
bearings. [5]. The results are
obtained by finite difference
solution of the time-dependent
Reynolds equation. The compu-
tational model predicts the forma-
tion of the cavitation bubble, its
downstream movement, and final
collapse. The entire sequence of
events are captured in computer
generated movies using a three-
dimensional graphics package.
The results show the pressure
generation capacity during nor-
mal operation as well as the loss
of the entire load capacity at the
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instant when the oil-whip condi-
tion takes place. As an example,
a full cycle of cavitation history
is shown in Figure 7 which
shows the oil-whip condition at
T=133.91 ms at an eccentricity
ratio of e = .08.

The pressure plots using the
GRAPH3D plotting package are
available at NASA Lewis Re-
search Center. The package can
perform standard two and three
dimensional plots with hidden
line removal capability, contour
plots and surface and solid mod-
eling. The package runs on an
IBM 370/3033 System. An
ENVISION 230 color raster
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terminal was used at the develop-
ment stages of this project, The
slides were produced on a MA-
TRIX 3000 Film Recorder.

CONCLUDING REMARKS
While closed form solutions to
mathematical models are always
desirable, they are restricted to
simple geometrical and physical
constraints. Before the advent of
computers, researchers were
forced to make many simplifying
assumptions which would lend
the problem to analytical treat-
ments. With high speed digital
computers, researchers are now
in a position to accurately solve
complicated problems by numeri-
cal methods,

An inherent disadvantage of
numerical methods is a huge
output of data generated making
the assimilation of the results
difficult. For this reason, com-
puter graphics has become an -
integral part of numerical analy-
sis. Interactive computer graphics
is extensively used in commercial
numerical analysis packages both
during the modeling state, for
example, to display mesh
elements in finite element formu-
lation and in the presentation of
the final solutions.

Various forms of graphical
presentation of numerical solu-
tions are discussed. Among the
most elegant types are colored
3-D surfaces and solid models
generated interactively. To aid

visualizing the behavior of com-
plicated models, or to verify the
correctness of a computational
algorithm one may resort to
computer animation. This is
particularly important for cases
where a fourth dimension,
namely time, plays an important
role. '

A case study of the effect of
cavitation on the performance of
dynamically loaded journal
bearings was presented. A
motion picture was created with
authenticated some experimental
work conducted at NASA Lewis
Research Center. The movie was
found to be extremely helpful in
understanding the mechanism of
the flow of a complicated phe-
nomena.
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Comment
from page 8

articles on computer graphics
were appearing in the EDG
Journal and monographs on
computer graphics were being
published under the sponsorship
of ASEE. (Talk to Steve Slaby,

he was coordinating editor of the
monographs. Earl Black was
writing articles about computer
graphics at General Motors, and
Bob Christianson was Journal
Editor.) When I started working
for the General Electric Company
in 1955, they were in the process
of installing computer graphics
capability to “keep up” with the
competition in the electric motor
industry.

It should be obvious from
these comments that there is a
known history of computer
graphics, that it pre-dates 1968,
and it is recognized by vendors
and individuals who got their
start long before the micro com-
puter revolution.

Among the other items that
were also “learned” at that same
technical session is that IGES is
an “international” standard.
Against the possibility that this
statement should also find its way
into the EDG Journal, let me
clarify that the acronym, IGES,
stands for Initial Graphics Ex-
change Standard. Itis a long way
from being international in any
context. Once again the vendors
who were present in Louisville
were aghast that this statement
was made with such aplomb and
elicited so little reaction.

It is little wonder that the
division has difficulty obtaining
vendor support for our activities
when we continue to insult those
who do support us by our appar-
ent ignorance.

I know you are not solicit-
ing my advice, and I'm not sure
what advice I would give if you
were to ask for it, but somehow
you need to become aware of
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those in the division who speak
from a myopic and unfounded
point of view and whose state-
ments are not backed by either
experience or good research.

Larry Goss raises several points
in his comment. Our relationship
with vendors can always stand
improving. I just wish someone
would stay long enough with one
company so that a relationship
could be developed. And cer-
tainly there is much misinforma-
tion that gets passed around. |
did not intend the editor to be a
contributor to the confusion. The
1968 date was not used to set an
excact point in time before which
there was no computer anywhere
making graphics. Were that the
case, non-electronic computers—
mechanical contrivances used for
plotting perspectives and used in
the 14th and 15th centuries—
would also be considered as
computer graphics equipment as
would the X-Y but manual Etc-a-
Sketch of the 1930°s. The date
was used only to illustrate that
we are dealing with relatively
recent technology. If someone
states that they were doing com-
puter graphics in 1955, then they
probably were. I told myself that I
was doing computer graphics
when I submitted card decks to
make character graphics on a
line printer. In reality, there
probably isn’t a date that can be
fixed as the conception of com-
puter graphics since it represents
an evolutionary process, and it

was probably wrong to even try.
-ed
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UTILIZING THE COMPUTER
IN FRESHMAN DESIGN

Steven K. Mickelson
Department of Freshman
Engineering
lowa State University

The process of design is of great
importance in engineering. As
computers have increasingly
become a vital too! in industrial
design, they have also become a
vital tool in engineering educa-
tion of design. At Iowa State we
are taking a closer look at these
changes caused by the computer
and are altering our freshman
design component accordingly.
The design component at the
freshman year provides an
important first step in the stu-
dents' engineering education.

The Accreditation Board for
Engineering and Technology
(ABET) requires one-half year of
engineering design, which trans-
lates to approximately 16
semester credits of design. Of
this one-half-year ABET asks
that the majority be taught in the
upper-division level courses,
including a senior design course
which would utilize the student’s

background in mathematics, basic
and engineering sciences and the
humanities and social sciences.

At Iowa State one credit of design
required by ABET is taught in
our freshman engineering graph-
ics and introductory design
course. This course is a 3 credit
semester course which integrates
fundamenta! graphics, computer
graphics, and engineering design.
One of our goals in this course is
to expose the freshman engineer-
ing student to a design experi-
ence. Although students at this
stage of their studies do not have
the technical background to deal
with dynamic equations or opti-
mization techniques, students can
gain valuable experience with
regard to the overall design
process. Another goal in this
course is to give the students an
appreciation of the capabilities of

computer graphics in the design
process. Early introduction to the
design process including com-
puter graphics is desirable and
can be a useful stepping stone to
upper-level design.

FRESHMAN DESIGN AT
IOWA STATE

To develop the design experience
at the freshman level at Iowa
State, the students are assigned
open-ended design problems. By
following a structured design
process the students develop a
solution to a problem and com-
municate their work with a
written report and an oral presen-
tation. The following design
steps are used:

1.Identify Need
2.Define Problem
3.Search
4.Criteria,Constraints
5.Alternatives
6.Analysis

7.Decision
8.5pecification
2.Compmunication

Conceptual design is accom-
plished by breaking up a typical
class of 25 students into teams of
3-5 students.

"Early introduction to the design proc-
ess including computer graphics is de-

sirable..."
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These teams are then assigned
the same open-ended design
project. Each team then develops
a problem statement, conducts a
limited search (due to time limit),
decides on criteria and con-
straints, and develops several
possible alternative solutions.
After going through a decision
process to determing the “best”

solution, conceptual skeiches of
the solution are developed for
communication purposes. The
team then communicates its
results in written and oral form.

Presently at Iowa State the analy-
sis and the specification steps are
omitted with separate analysis
and design drawing problems

substituted into the design proc-
ess after the conceptual design.
The analysis step in the design
process is introduced to the
students by using problems which
involve repeated analysis and
computer-assisted problem
solving. Typical problems are
discussed in references 1, 2, and
3. 'The advantage of using the

in Ames, Iowa.

second.
1000 feet.

maintenance,

date.

in a residential,
+is in farm land.
$2500/acre for agricultural land and $5000/acre for the
Consideration should be given to
costs,

residential property.
aesthetics,
priate items when determining necessary land acquisition
for the project.

DATE: March 26, 1986

TO: Fr. E. 170H DESIGN TEAMS
FROM: MANAGEMENT

RE:

Drainage Facility for State III Subdivision

Qur consulting firm has been asked for a preliminary
study and design of a drainage facility.
is necessary to carry surface water runoff from an up-
stream watershed through the new Stage III subdivision
Such a facility must be designed to
carry a flow of approximately 80 to 100 cubic feet per
The total length of the proposed facility is
The first three-fourths of the distance is
and the remainder
land values are

single family area,
The land appraisals,

safety,

Based on our previous experience, we will limit ocur al-
ternatives for the project to corrugated metal pipe,

reinforced concrete pipe,
an open channel. The preliminary design and recommenda-—
tions must be completed by Wednesday, April 16.
documentation and an oral presentation,
pany guidelines,

A sketch of the area is in a file titled ‘Stage’ .

Figure 1

reinforced concrete box,

will be given to our clients on that

This facility

and other appro-

and

Written
following com—
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computer in the analysis step is
easily realized by the students.
Since the students in the design
class are mainly freshmen, with
little or no programming experi-
ence, it is not possible to have
them program their own analyz-
ers. Therefore, it is necessary for
the instructor to have the appro-
priate software analyzers avail-
able when the students need
them.

Specific design drawings, as
determined by the instructor, are
used for the specification phase of
the design process. Problems
have ranged from design draw-
ings for a three point hitch to
design drawings for a child’s
wagon. These problems have
been separate from the conceptual
design.

The major drawback of this
present approach is that the
introduction of design is some-

"One disadvantage was the preparatory
time necessary for the instructors...”

what fragmented with the sepa-
rate conceptual, design-by-
analysis, and design drawing
problems. Ideally an “overall”
design which included all the
design steps would be the best.
In a new honors course, this
overall design was attempted

NEW HONORS COURSE

In the spring of 1986, Freshman
Engineering at Iowa State intro-
duced an honors section of our
engineering graphics and design
course. Prerequisites for the
honors section were trigonome-
try, credit or enrollment in the
first semester calculus course,
and credit or proficiency in FOR-
TRAN programming language.

MAIN MENU
. Text
. Maodify
. Fila

. Hard Copy
. Plottar
. Exit

Figure 3

Due to the strong math and com-
puter prerequisites, utilization of
these skills in our introductory
design project was possible,

The semester before the honors
course began, a team of three
faculty undertook the task of
developing an open-ended design
problem that would effectively
incorporate the computer. The
design project was to be assigned
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to 4 or 5 student teams, with each
team solving the same project. It
was our goal that this introduc-
tory design project would con-
solidate conceptual design,
design-by-analysis, and design
drawings into an “overall” design
project, plus incorporate the
computer into the conceptual
design and design-by-analysis
sections.

OPEN-ENDED DESIGN
PROJECT

The project developed by the
faculty team was a drainage
facility design and study for a
new housing project. Each team
of students was given known
criteria and constraints as pre-
sented in a letter from manage-
ment of a fictitious company
(shown in figure 1). Also avail-
able to the teams was a computer
sketch, in their computer direc-
tory, of the specified drainage
area (figure 2). Limiting the al-
ternative solutions for the project
to four types of drainage facili-
ties, the teams were asked to de-
termine the “best” alternative and
to present their preliminary
design and recommendation in a
written report and in an oral
presentation,

UTILIZING A 2-D GRAPHICS
PACKAGE

The teams were asked to use
“SKETCH,” our 2-D graphics
software package, for all their
conceptual drawings for their
reports. “SKETCH” is an inter-
active 2-D drawing package that
was developed by faculty specifi-
cally for our graphics course as
an introduction to some capabili-
ties of computer-aided drafting.

SKETCH is menu-driven, and is
a quick graphics tool which
students can easily learn and
utilize. The main menu for
SKETCH is shown in figure 3.
SKETCH allows the user to
create graphic elements such as
an arc, box, curve, line, polygon,
or marker. Various sizes and
angles of text can also be created
or added to a drawing. SKETCH

creates a database that can be
easily saved, redrawn, erased, or
modified. A hardcopy of the
created graphics can easily be
obtained using a dot matrix
printer or a pen plotter.
SKETCH was introduced early in
the semester to the honors stu-
dents, Examples of their com-
puter sketches are shown in
figure 4.

UTILIZING FORTRAN IN
ANALYSIS

After completing the preliminary
design, the individual team
members were then asked to limit
their study to an open channel
with a trapezoidal cross section.
They were to assume that this
was the channel type picked by
management as the best concep-
tual design. They were then
asked to analyze this channel

Lla o BaALL
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Tre DECk Vet
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; /s Ball PooTS

TREUMI MARY  TETWEW
PETELTR 4kl BRIDGET

He oA

Figure 5
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type using their FORTRAN pro-
gramming experience along with
the Manning Equation. The
Manning Equation relates the
velocity of fluid in an open
channel to the roughness coeffi-
cient, the hydraulic radius, and
the slope of the channel. The
Manning Equation is as follows:

V = 1.486 R S”2

n
where,

V = Velocity, (ft/sec)
n = Roughness Coefficient
R = Hydraulic Radius =
Cross Section Area, ft?
Wetted Perimeter, ft
S = Slope of the channel along
the length

After writing a FORTRAN
program relating these values, the
students were asked to discuss
the effects of changing the rough-
ness of the channel, the slope of
the channel, and the side slopes
of the trapezoidal cross section.
Finally the students were asked
to recommend a cross section for
the best design using the criteria
and constraints developed in the
conceptual design process along
with the analysis findings. This
approach greatly enhanced the
analysis step in the design cycle.
The major advantage of this
analysis method was that the
students created their own ana-
lyzer software, and quickly deter-
mined the effects of changing
design variables.

To incorporate the design draw-
ings into this “overall” design
project, the team members were

given a preliminary design for a
pedestrian bridge for crossing the
design facility. (Figure 5) The
students were required to present
selected design and detail draw-
ings of various parts of the
bridge, plus compile a bill of
materials for the total bridge
design. ‘

CONCLUSION

The incorporation of an “overall”
design project, including design,
design-by-analysis and design

| drawings, was well received by

the students, and was successful
in introducing freshman students
to the design process. The poten-
tial of the computer in the design
process was realized in the report
drawings and in the analysis step
of the design cycle. “SKETCH”
software was used to develop
computer drawings of design
concepts, while FORTRAN was
used to assist in the experience of
the iterative process of the analy-
sis step of design.

One disadvantage was the pre-
paratory time necessary for the
instructors to develop this type of
design. Yet, time was saved due
to the fact that the students wrote
the analyzer software instead of
faculty.

The honors section of our graph-
ics and design course will try this
overall design approach again this
spring.
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Development and Implementation of a
CAD Application for a Numerical Control

Machine Operation for use in a Laboratory

J. Patten, T.A. Allison,

H. Razavi
Departments of Engineering
Technology and Computer

Science
University of North Carolina
at Charlotte

INTRODUCTION

This paper provides a description
of the development of a CAD
based system for the design,
simulation, numerical control
(NC) program generation and
execution utilizing CAD/CAM
principles and technology.

The system configuration is
based upon commercial equip-
ment, hardware and software,
generally available at colleges
and universities. The system
design information is available,
through this paper and supple-
mental system documentation, to
interested persons for develop-
ment of their own instructional
programs. This paper is intended
to provide a stimulus and useful
information for others to develop
systems and programs for hand-
on instruction and teaching of
CAD/CAM applications. The
program goal at UNCC was to
develop a system to provide
CAD/CAM instruction utilizing
available equipment. The em-
phasis of the program was to

Course

develop a teaching tool for
student use in learning CAD/
CAM principles and applications
in a laboratory and classroom
environment.

The project involved the adapta-
tion of an numerical controlled
(NC) milling machine to "direct
computer numerical control”
(DNC/CNC) using modern
computer integrated manufactur-
ing (CIM) techniques such as
computer aided design (CAD)
and computer aided manufactur-
ing (CAM). The project involved
four distinct but interrelated

steps. These are: 1) Laboratory
Development: Project origination
and management, 2) Emulation of
the NC paper tape function

through software, 3) Design and
construction of an electronic
interface board, and 4) Develop-
ment of software to interface a
commercial CAD software
program (AUTOCAD) through
the interface board to the NC
machine. This project has re-
sulted in two distinct new uses of
the NC machine, First, program-
ming can be accomplished off-
line using standard hardware and
software eliminating altogether
the use of the paper tape, teletype
machine and NC reader. Sec-
ondly, a design developed on a
CAD package can be simulated
and downloaded to the NC
machine as machining instruc-
tions, again eliminating the use of
the punched paper tape.

"..results of this project are used to provide
educational training to students studying
CAD/CAM with hands-on applications in a

laboratory environment."
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The project was initiated as a
method to upgrade and modem-
ize existing equipment by replac-
ing the paper tape, teletype, and
reader of the NC machine with a
personal computer (PC). The
personal computer would serve
as programmer, editor and
controller for the NC machine
functions. This required a com-
munications link between the PC
and the NC machine. The project
was expanded to include linking
the design and manufacture
(CAD/CAM) of a milled part.
This involved developing soft-
ware to accept a CAD program
file, graphically simulating the
milling operation and creating a
milling instruction file which
could be downloaded to the
milling machine via an interface
board.

As the project was developed to
serve as a laboratory experience,
the IBM-PC was selected as the
computer for the project. The
UNCC College of Engineering
has available a sufficient number
of suitable units for this purpose.
The general arrangement envi-
sioned was that of students
creating the NC programs, via
programming on a PC or through
a CAD drawing and NC simula-
tion routine, in one of the PC or
graphics laboratories. The
students then transfer the files to
a PC located at the milling
machine for execution of the
machining operations. This
arrangement provides for maxi-
mum utilization of resources and
exposes the greatest number of
students to the available equip-
ment.

The conduct of the project in-
volved the active participation of
many individuals forming a
project team. Four faculty mem-
bers, two from computer science,
and one each from the electrical
and mechanical disciplines; six
students, four from computer

above. Each will be covered
separately in the following sec-
tions. These sections are:

1. Laboratory Development:
2. Paper Type Emulation

3. PC-NC Interface Device
4. CAD-NC Software

-
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Figure 1

science and two from mechanical
disciplines; and four technicians,
one each from the electrical,
computer, mechanical and ma-
chine shop trades were directly
involved in the project. The
project took approximately one
and a half years to complete.
Partial funding for the project was
obtained from a small grant
awarded from the College of
Engineering. The students
involved in the project accounted
for two senior projects and three
graduate student projects. The
total system was developed using
existing in-house equipment,
consisting of the NC machine,
PC’s and commercial software
packages.

The paper is divided into four
logical sections detailing the
development of the items listed

This paper will describe the
various stages of the project in
detail.

LABORATORY DEVELOP-
MENT

A lack of sufficient laboratory
equipment, a problem common to
many universities and colleges,
was the seed for this project. The
College of Engineering has an
old Bridgeport Mill equipped
with a Slo-Syn NC controller.
This system had been used for
demonstrations, and was a
remnant of an old technology.
Two degree programs, mechani-
cal engineering and engineering
technology, were teaching NC,
CAD/CAM/CIM courses without
a laboratory component. Asa
partial solution for the need to
expose students to this technol-
ogy, first the NC mill was put
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board was necessary since neither
the electrical characteristics of
the timing/handshaking charac-
teristics between the PC and the
NC mill match.

The printer port of the PC
operates under standard
Centronic’s port specifications
when driven with most PC
software. The interface board,
however, makes use of only the
Strobe and Busy control lines
thus assuming the use of custom
port driver software. The NC
mill port is located in the SLO-
SYN controller and exists as a
cable and connector to the exist-

ing paper tape reader. The tape

reader port uses two
handshaking signals. Only
one of these signals, the
Forward signal, is required
by the interface.

Matching the handshaking 1
signals between the PC and

the mill required a simple state ."~.

machine design. The state
machine coordinates the hand-
shaking signals so that the PC
considers the interface board a
printer and the NC mill
controller considers the interface
board a tape reader. Electrical

warb s

Power for the board was derived
from a separate 120 volt supply.

When connected, the interface
board and PC emulate the tape
reader. All controls on the SLO-
SYN controller function normally
in that pauses, speed changes and
the like can be made from the
controller. The only function not
available is the tape rewind. The
rewind function must be handled
by software at the PC.,

CAD-NC SOFTWARE

The original project envisioned
utilizing CAD drawings directly,
as input into the NC machine, to

characteristics were matched ™ -~

by using LS 5 volt TTL
logic on the PC slide of the
interface and 15 bolt discrete
transistor logic on the NC mill
side of the interface. Connectors
were provided so that the OX
printer cable and the NC mill
tape reader cable could be
plugged directly into the interface
board.
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eliminate altogether the need for
user developed NC programs.
The paper tape emulation soft-
ware, discussed previously, still
required the user to have an
understanding and detailed
working knowledge of NC
programming using G and M
codes. What was desired was a
system or program which would
make the NC program transpar-
ent to the user. A student in this
case would be able to design a
part on a CAD system, suitable
for production on the NC mill,
and transmit this design to the
NC machine in a form directly
readable or executable by the
mill. The emulation program and
interface devices were already
developed, therefore these were
used as the basis for the CAD-
NC software program. The alter-
native which was not selected,
was to eliminate the existing NC
SLO-SNY controller altogether
and control the stepper drive
motors directly from the software
through the necessary intercon-
necting hardware., The approach
chosen was to use the PC-NC
interface device developed for
the emulation program, and
develop a software package that
would format, simulate and
transmit a CAD file of a drawing
directly to the existing NC con-
troller through the interface
device. The interface protocol
developed for the emulation
software was again used to
communicate to the NC machine.
However now, the NC program
is transparent to the user. Thus,
the user need not be familiar with
NC programming to execute this
operation. At the same time, it

was realized that the user may
want to modify or document the
program. The program code is
made available to the user in a
format identical to the paper tape
and emulation program, complete
with TAB, EOB, etc., statements
included.

The above was accomplished
using the AutoCAD software
package coupled with a simula-
tion package and post-processor
to drive the NC machine. These
two programs, the simulation and
post-processor, were again devel-
oped as student projects. Au-
toCAD was selected as it was
running in a PC environment and
was available on 6 IBM-PC/XT
computers in the graphics labora-
tory. Another software package,
DOGS by PAFEC, was consid-
ered for this use but was rejected
as it was not operating on the
IBM-PC and, therefore, it was not
easily portable or transferable to
the manufacturing laboratory
where the NC machine is located.
This option will be investigated in
the future when the College
installs a local area network
(LAN) connecting the computer
laboratories to the engineering
and technology laboratories.

Again, the goal of the PC-NC
software was to make the NC
programming transparent to the
user. The user in this case, being
a student, would be functioning
as a draftperson or designer.
They would develop a design
drawing, using AutoCAD, and
then utilizing CAD/CAM and
CIM technology transmit the
design to the NC mill, thus

eliminating the programming step
entirely. No new technology had
to be developed for this project.
The application of existing
technology was integrated into an
educational environment. This
technology exists as turnkey
systems from vendors and induos-
try makes use of these systems.
However, the cost of such a
system, which can amount to tens
of thousands to hundreds of
thousands of dollars, was prohibi-
tively expensive to the College
and University.

The other item addressed was the
question of whether or not the
students should be aware of or
understand NC programming, G
and M codes or APT. The soft-
ware package was developed
including the capability to pro-
vide a complete listing of the NC
code for documentation purposes.
The student can type in the code,
using the paper tape system or the
emulation software, and obtain
the same end results produced by
the CAD-NC software. The
instructions to the milling ma-
chine will be identical, for a
given part program, regardless of
the method used. As with any
computer program, the students
should be capable of verifying
the results. The students can
determine the NC code required
to produce their design and
compare it to the computer code
generated from this software
package. With the aid of the
simulation software, the students
can ¢valunate the effect of various
cutter sizes, in the range 1/64
inch through 2 inches. The final
form of slots, radii, etc., can be
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evaluated and an optimum cutter
size determined.

The visual feedback provided by
the simulation was obtained with
the use of the Graphics Tool Kit
software package from IBM.
This provided the necessary
software tools to produce an
animation of the milling
operation. However, the simula-
tion portion of the software
package is the limiting factor to
more sophisticated part designs.
At present, not all NC milling
instructions are executable due to
Hmitations in the simulation
program. As the post processor,
that generates the NC code, relies
on the simulation program for
input, any limitation in the simu-
lation restricts the actual
operations executable by the NC
mill. This is not a major problem
as the NC mill is fairly limited by
nature of its design. The stepper
motots, on the x and y table
movements, are open loop con-
trol. The distance, and not speed,
is controlled, Therefore, the
program is restricted to straight
line motion and simple part
configurations. The limitations
imposed by the simulation soft-
ware do not adversely affect the
learning process of the students,
relative to the project’s original
goals. While the system would
be inadequate for industries’
needs, in terms of a complete
functional CAD/CAM system,
for student use as an educational
tool the system is excellent. The
limitations imposed are docu-

mented and actually help to
simplify the system, making it
easier for students to learn and
work with.

RESULTS

The students now have two
additional methods available to
them to accomplish NC program-
ming. The paper tape punch
method is also still available.
The first method, paper tape emu-
lation using the IBM-PC, still
requires the students to know NC
programming (G & M codes,
etc.). The system does automati-
cally take care of some of the
overhead functions such as RWS,
TAB, EOB, etc. The system does
allow the students to edit, save,
and transfer programs which
previously were not casily ac-
complished. The system also
allows many more students
access to the NC system as many
PC’s are available for program-
ming whereas only one single
purpose dedicated paper tape
punch was formerly available.
The second method of transfer-
ring CAD files directly to the NC
machine, now made it possible
for a student to study CAD and
NC operations, in a CAD/CAM
environment, while eliminating
the requirement of a prior knowl-
edge of an NC programming lan-
guage. At the same time graphi-
cal simulation of the NC milling
operation, required to produce the
part, is provided for visualization
to promote design optimization.
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An integral part of the project

- | was the requirement that the

student must provide documenta-
tion of their work (2-5). In
addition to the project report, the
students developed user’s guides.
These are used to train students
on the operation and use of
software programs. This pro-
vided the vital link between the
project and the end user, the
student.

CONCLUSIONS

CAD/CAM and CIM was made
possible in an undergraduate
student laboratory environment
with a modest investment
($1,200) through utilization of
existing equipment and resources,
primarily the NC mill and PC’s.
The $1,200 investment was
pleasantly spent to compensate a
faculty member for time devoted
to development of this project.

Six student projects, 1 mechani-
cal engineering technology, 1
mechanical engineering and
engineering science, 1 under-
graduate and 3 graduate computer
science projects were completed
in conjunction with the project.
This project represents an excel-
lent example of using student
talent to assist with the develop-
ment of instructional programs,
educational goals and require-
ments. The use of students to
assist with such projects is un-
questionably a benefit to all con-
cerned. With the number of
people involved in the project, 6
students, 4 faculty and 4 technical
staff members, the project obvi-
ously required careful attention to
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details such as scheduling and
communication within the group
and among the various project
members.

The end use of the project results
is the real key and the long-term
reward. Many students now have
access to NC/DNC/CNC technol-
ogy which would not have been
possible previously. This was
also accomplished using a CAD
system applying modern CAD/
CAM techniques to a university
instructional laboratory environ-
ment. Enough options were
designed into the program to
provide broad student exposure
and educational experience in the
area of CAD/CAM and NC
technology. Additionally, faculty
and technical staff further ad-
vanced their capabilities and
experiences. This will undoubt-
edly lead to new and interesting
and useful endeavors.

The project was truly interdisci-
plinary, as indicated throughout
this paper, as are most manufac-
turing tasks. It involved the
departments and staffs from
computer science, mechanical
engineering and engineering
science, engineering technology,
electrical engineering, and tech-
nical assistance and cocperation
at all stages of the project. While
the computer science students
provided the software develop-
ment, mechanical engineering
and technology students provided
the initial impetus of the project.
It will be primarily the manufac-
turing technology and mechani-
cal engineering students who will
utilize this resource. The projzct

does provide the computer sci-
ence and electrical engineering
and technology students an
example of a successful design
project.

Overall, looking back, the project
was quite successful. The only
major hitch was finding faculty
time to develop the PC-NC
interface board.

As with most projects of this
nature, a wish list was developed
for future project work, These
items will be the starting point for
additional undergraduate student
projects, primarily senior design
projects, and possibly graduate
student projects. More impor-
tantly, however, the results of this
project are used to provide educa-
tional training to students study-
ing CAD/CAM with hands- on
applications in a laboratory
environment.

Another added benefit of this
project is the possibility of a
cooperative venture with local
industries. At least one company
has expressed an interest in the
project, from the standpoint of
implementing the system for use
in a machine shop environment.
Such an arrangement will provide
additional rewards which were
not originally considered in the
proiect.
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1988 Annual Conference

Portland, Oregon

Hosted by the
University of Portland
June 19, 23

Engineering Design Graphics Division Hosted
Sessions

Monday, June 20, 1988

1138 .
Creative Engineering Design Competition
and Display Judges Breakfast

1238
Student Evaluation of CADD Instruction |

1239
Creative Engineering Design Competition
and Display

Tuesday, June 21, 1988
2238
Student Evaluation of CADD Instruction |

Wednesday, June 22, 1988

3238

Designing Engineering Graphics Laborato-
ries to Minimize Obsolescence

A full schedule of evens is planned for
the conference to include spouse and
family activities, professional tours, and
workshops. A tour of Oregon's north
coast, a Columbia River Gorge and
sternwheerler cruise, tours of the city,
the Pendleton wollen mills (with shop-
ping). wine country tours—all are plab-
bed attractions. For the children, con-
sider the Oregon Museum of Science
and Industry, Washington Park Zoo,
Fying M Ranch, or nature hikes. Tours of
Intel, Precision Castparts, Hewlett-Pack-
ard, Generdl Electric, and the University
of Portland are scheduled, and if you
are interested in professional workshops,
pre- and post-conference workshops
may be attended.

Salmon on the Barbie!

$8 for salmon, drinks, and salad
Doorprizes and Entertainment

Sunday, June 18 5-7pm at the Quadrangle
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Learning to Read 3-D Data Bases
Through Solving Descriptive
Geomeitry Problems

Gerald W. Hannah
Associate Professor
of Engineering
Mount Allison University
N.B., Canada

INTRODUCTION

The type of three-dimensional
database that students in Engi-
neering Graphics at Mount
Allison first encounter is that of a
wire-frame model. Such a _
database consists of the coordi-
nate data of the figure together
with a column giving a code
specifying if the particular
movement is made with, or
without, drawing a line. Upon
first encountering such a data-
base students view it with appre-
hension; they appreciate what it
represents, but they cannot
“read” it.

This paper describes a method of
solving descriptive geometry
problems in which students gain
expertise in working with the
problem’s 3-D database. In this
method the figure is first trans-
lated to the origin then is sub-
jected to a series of rotations
about the appropriate axes (and

possibly further translations) so
that the distance or angle of
interest shows its true value in the
X—Y plane. This approach is an
alternative to the use of a “view-
point” described by Helmlinger

The method described here was
used at Mount Allison University
for the first time in the winter
term of 1985-86 in a sophomore
course in Engineering Graphics
and Design.

"Prior to learning this method students
have completed the manual graphics

techniques...”

and Northup (1) and although the
sequence of transformations
needed here lacks the elegance, in
comparison, each step is con-
firmed by simple inspection of
the database.

The method utilizes a commercial
graphics program “GRAPHPAK”™
(IBM Corporation) to display
isometric diagrams of the figures
as well as the database. A calcu-
lator and a sketch pad are the only
other tools used. A salient feature
of the method is that the com-
puter graphics program and
display are not essential compo-
nents but are simply aids, to be
discarded once the method has
been learned. The computer
requirements are then lowered to
a text display unit running a
matrix-handling program.

PREPARATION
There are three parts to the
preparation:

- background in graphic
techniques

- using the graphics program

- geometrical transformations

Background in Graphite
Techniques

Prior to learning this method
students have completed the
manual graphical techniques of
solving problems involving lines
and planes in space - true length
of a line, distance from a point to
a ling, mutual perpendicular to
skew lines, true shape of a plane,
perpendicular from a point to a
plane, and the location of the
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point at which a line pierces a plane. Thus they have developed a
reasonable ability to visualize relative orientations in space.

Using the Graphics Program

Since the computer graphics program being used, GRAPHPAK (2),
is an APL workspace, some knowledge of APL becomes an essential
part of the preparation. The amount required is actually quite small,
consisting of the method of creating two-dimensional arrays, display-
ing arrays, performing matrix addition and multiplication, plus some
housekeeping commands.

The database of a figure, termed the “object matrix” in GRAPHPAK,
is to be entered in the following format:

Col. 1 - if line is to be drawn to this point from the
previous point; 0 if no line is to be drawn

Col 2. - X Coordinate

Col 3. - Y Coordinate

Col 4. - Z Coordinate

For example, the database for the plane of Figure 1 would be, as
entered into the matrix OBI:

0BJ
0 0 0 0 (pt.1)
1 80 60 0 (pt.2)
1 50 0 90 (pt.3)
1 0 0 0 (pt.1)
P3 ¢50,0,90)
Figure 1
. SKETCH ISOMETRIC OBJ Geometrical Transforma-
GRAPHPAK provides simple - gives an isometric drawing tions

commands to produce drawings

of the database on the screen: The latter is found to be the most

useful in beginning to work with

THREE VIEWS OBJ this method.

- gives the three principal ortho-
graphic views
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Movement of a figure in space is
accomplished by changing the
coordinates of the points in the
database in an appropriate,
systematic manner. Such
operations are termed geometri-
cal transformations, two of the
most common of which are those
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which perform translation and
rotation. These matrix operations
are probably best understood by
considering the two-dimensional
case, first, then the three-dimen-
sional.

Two-dimensional translation

could be accomplished by adding
the displacement values to all the
elements in the X- and Y coordi-

The transformed coordinated
being x’ and y’ , as shownin
Figure 2.

Two-dimensional rotation about
the origin is relatively easy to
perform (Figure 3).

Using homogeneous coordinates
increases the order of the
operational matrix to three, thus

nate columns using a matrix
summing operation. The same
result can be accomplished with
matrix multiplication, using the
concept of homogeneous coordi-

making it conformable for matrix
multiplication with a translation
matrix.

v ;

[ x" y" 1]

il
—
"
St
[ Sl
e

— O
— OO

Figure 2

nates (3), this being the generally
preferred method since it permits
concatenation of transformations.
Translation of a point at coordi-
nates x and y by amounts x
and y, is performed by Figure 2.

~<

@

P
—_

[ ="' y" 1 1 =[x ¥

1 ] |, cosf sind O
-sin 8 cosf O
0 0 1

Figure 3
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Rotation about some point other
than the origin is accomplished
by first translating the figure so
the axis point is at the origin,
then rotating the desired amount

about the origin, and finally,
translating the figure so the axis
point is moved from the origin
back to its original position. This
is illustrated by the example
shown in Figure 4.

Example: The coordinate matrix of the object shown in
Figure 4(a) is given in homogeneous form in matrix C. It is desired
to rotate the object about point 3 through an angle of 90 degrees,

clockwise.
Y
P1
3 4 1 1 i
C=13 2 1 2
3 6 X

To translate the object so as to place point 3 at the origin, multiply C by T, , where

QO

i

M= O

a

-3 X

= OO
[T

Then to rotate the object -90 deg. about the origin, multiply the resulting matrix by R, where

|

0 -1 O :_
0 O
0 o0 1

2 X

Finally translate the resulting matrix back so that point 3 occupies its original position;

multiply it by T, , where

Y
1 0 0 ’ T
Ty = |0 1 0
6 2 1 2 P3

Figure 4
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Three-dimensional translation
and rotation transformations must
accommodate an additional
equation, for z, as in the follow-
ing translation operation:

OO
- O=O
N o= OO
— OO0

Three-dimensional rotation about the Z-axis is equivalent to the 2-D case of rotation about the origin:

[ ' y" 2" 1 1 =[x y 2z 1] cosf sin

-sind cos?
0 ]
0 0

O OO
— OO0

Figure 5

Y
The positive direction of rotation C
is taken as the direction a right- ‘
hand screw must be turned to
advance along the axis, as shown N X
in Figure 6. ( </

“
Figure 6
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Applying positive rotation about the X-axis, as shown in Figure 7, yields a set of equations which can be
acquired from the following transformation:

[ x" y' y z 11 [1 0 0 0

0 cos¥d sind O

0 -sinf cosfd O

0 0 0 1

Figure 7
Finally, for positive rotation about the Y-axis, as shown in Figure 8:

[ x'y'2"1 ] =[x vy z 1] cosfd O ~sind O
0 1 0 0
- sin§d 0 cos § 0
0 0 0 1

Figure 8

Within GRAPHPAK the two
types of transformations we
require are accomplished by
using the TRANSLATE and the
ROTATE functions, as follows:

NEWFIG « XT YT ZT
TRANSLATE OLDFIG

where the desired displacements
in the X-, Y- and Z-directions are
XT, YT and ZT, respectively;

NEWFIG < ANGX ANGY
ANGZ ROTATE OLDFIG

where the desired angles of
rotation (in degrees) about the X,
Y- and Z-axis are ANGX,
ANGY and ANGZ, respectively.

METHOD
The general approach to solving descriptive geometry problems using
this method is as follows:

1. With the computer running GRAPHPAK, input the lines, planes
and the axes to create the datzabase.

2. Decide which of the two transformations, translation or rotation,
you wish to perform to bring you one step closer to solution.

3. Perform the transformation, inspect the database to verify that the
operation was done properly. If desired, display an isometric view to
assist in visualizing the situation.

4. Repeatsteps 2 and 3 until you have reached the solution.
“Reaching a solution” means having the objects oriented in space so
that the distance or angle of interest shows its true value in the X-Y
plane (or ore of the other principal planes of projections).
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Two aids external to the com-
puter are used: a sketch pad, and
a calculator to compute desired
angles of rotation.

The general strategy for solving a
problem is to first translate the
objects so thatone end of a
particular object line lies at the
origin, then determine the se-
quence of transformations (usu-
ally just rotations about the axes)
that will reach a solution. Choos-
ing the particular object line to
anchor at the origin and choosing
the sequence of transformations
are the key activities and it is
here that good spatial visualiza-
tion ability provides for case in
solution.

Following are examples showing
the application of this method to
three problems of increasing
complexity: determining the true
length of a line; determining the
true shape of a plane (i.e. true
lengths and angles); determining
the angle at which a line pierces a
plane.

True Length of a Line

Given a line in space, first decide
the sequence of steps which will
result in the line being placed in

the X-Y plane. (Using a pencil to
represent the line and the corner
of a book to represent the origin
may be of assistance.)

Step 1: translate to place P1 at
the origin (9a).

Step 2: compute angle alpha and
rotate about the Y-axis by that
amount (9b).

Step 3: line now lies in X-Y
plane; compute true length from
coordinates (9c¢).

Now follow through with the
execution, beginning with the
inputting of the axes and the line.
(It is assumed you have already
set the viewport and window
bounds.)

Display the matrices to verify
proper entry:

LN
0 40 30 20
1 20 80 50
AX
0 9 0 0
1 0 ¢ 0O
0 0 9 0
1 6 0 O
0 0 0 99
1 0 0 0

To reinforce your visualization
you can create an isometric
drawing by switching the display
to graphics mode then inputting:

SKETCH ISOMETRIC AX
SKETCH ISOMETRIC LN

AXe6 4p 0 99 0 O

1 ... efc

LN<2 4p 0 40 30 20 1 20 80 50

When inputting a database it
helps guard against errors if you
make the point number corre-
spond to the row number of the
matrix, placing the coordinates of
P1 are placed in row one, P2 in
Tow 2, etc.

Now re-display LN to determine
the displacement values to be
used in translation:

LN
0 40 30 20
1 20 80 50

P2 .7
208050 | |

Figure 9(a)

Figure 9(b)
Figure 9

Figure 9(c)
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Since it is easier to visualize
objects above the X-Z plane,
choose P1 as the point to trans-
late to the origin. The X-Y-Z
displacement values are obvi-
ously -40, -30, -20.

Perform the translation with:

tﬁTe—AO 30 20 TRANSLATE

and create an isometric drawing
for visual confirmation:

SKETCH ISOMETRIC LNT

Switching the display to text
mode, display the database as it
currently stands:

LNT
0 0 0 0
1 20 50 30

(Even at this early stage in using
the method it becomes obvious
that inspection of the data base
provides the visual confirmation,
and that displaying it is easier
than creating isometric drawings
on the graphics screen,)

A freehand sketch of the line in
space is easily made by inspec-
tion of LLNT, as shown in Figure
10, from which the desired
rotation is determined.

The rotation about the Y-axis is
accomplished with:

LNTR«56.310 0 ROTATE
LNT

and inspection of the matrix
LNTR shows that the line has

been swung into the X-Y plane,
the Z-coordinate of P2 having
become zero.

LNTR
0 0 0 0
1 36056 50 -0.00004

A freehand sketch of the line is
made by inspection of LNTR as
shown in Figure 11, from which
the determination of the true
length of the line is:

True length = ( 36.056 + 50%)12
= 61.6

"o = arctand30/200= 36310 deg

Figure 10

Figure 11
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True Shape of a Plane

The general approach is illus-
trated in the diagrams of Figures
12(a) to 12(e).

First, translate so that P2 will lie
at the origin (12a).

Then rotate about the Y-axis to
place the line P1-P2 in the X-Y
plane (12b).

Then rotate about the Z-axis so
the line P1-P2 will be collinear
with the X-axis (12c¢).

Finally, rotate about the X-axis in
order to bring the vertex P3 into
the X-Y plane (12d).

In its final position the Z-coordi-
nates should all be zero. The
length of any side and the value
of any angle in the plane can be
easily computed from the data-
base (12e).

In applying the above procedure
to the following example no
mention will be made of the use
of the SKETCH ISOMETRIC
function, although the user can
utilize it at any state. Confirma-
tion will be sought in the data-
base. From the displayed data-
base freehand sketches are made
as shown in Figures 13(a) to 13(f)
to determine the next transforma-
tion.

First, the database for the plane is
entered, and displayed.
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Figure 12(e)

Figure 12

PL
0 10 50 60
1 30 10 40
1 120 70 50
1 10 50 60

Deciding that P2 is to be trans-
lated to the origin (13a):

PLT < 30 "10 40 TRANS-
LATE PL '

Then displaying PL.T:
PLT
O 20 40 20
i 0 0 0
1 90 60 10
1 20 40 20

Rotate through the angle alpha
with (13b):

PLTR«<0 45 0 ROTATEPLT

and display with:
PLTR
0 28284 40 O
1. 0 0 0
1 56569 60 70.711
1 28284 40 O

Rotate through the angle beta
with (13¢):

PLTRR<0 0 54.73 ROTATE
PLTR -

and display:
PLTRR
0 -48.99 0 0
1 0 0 0
1 -16330 80.82970.711
1 -48990 0O 0

10,5060 _.
P12’

B
1
P €120,70,50)
P37,

P2
(30,10,40)

Figure 13(a)

@ = arctani20/200a 45000 deg

Figure 13(b)

B = arctan40/28.284
= 54,736 deg

Figure 13(c)

Figure 13
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Rotate through angle gamma
with (13d): '

PLTRRR «-41.180 00
ROTATE PLRRR

and display with (13¢):
PLTRRR

0 -48.990 0 0

1 0 0 0

1 -16.330 107.393 0

1 48990 0 0

The coordinate matrix confirms

that the plane is lying in the X-Y
plane (13f). You can now easily
compute true lengths, angles, etc.

Line Intersecting a Plane
In this example only the ap-
proach will be described, with
sketches. The working of a
numerical example is left to the
reader.

The given situation is a plane
defined by P1, P2, P3, pierced by
a line, P4-P5, as shown in Figure
14(a). We wish to orient the
objects so the plane lies in the X-
Z plane while the line lies in the
X-Y plane; that orientation will
allow easy determination of
various items of interest, such as
the location of the piercing point
on the plane or the angle between
the line and the plane.

The original position (14a).

¥ = 90 - arctan(B0.829/70.711)
= 41180 deg

Figure 13(d)

Figure 13(f)

Figure 13 (cont)
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First, translate so one vertex, say
P3, lies at the origin.

Then rotate about the Y-axis
through an angle alpha to bring
P1-P3 into the X-Y plane (13b).

Then rotate about the Z-axis
through an angle beta to align P1-
P3 with the X-axis (13¢).

Then rotate about the X-axis
through an angle gamma to bring
P2 into the X-Z plane (13d).

The plane is now lying flat in the
X-Z plane (13e).

Now translate the required
amount in the X- and Z-direc-
tions so that P4 lies on the Y-axis

(14£).
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P3
Figure l4(a)

F4O:Y

Figure 14(d)

Figure 14

Then rotate about the Y-axis (the
required angle can be determined
from the coordinates of P5)

so that P5 lies in the X-Y plane
(14g).

The figure is now in its final
position, with the plane P1-P2-P3
lying flat in the X-Z plane while
the line P4-P5 lies in the X-Y
plane.

From the database of the plane
and line in this final position and
with the aid of a freehand sketch
of the horizontal and frontal
views as shown in Figure 15,
quite simple computations will
produce the angle of incidence,
the length of line P4-P5 lying on
either side of the plane, or the
position of the piercing point on
the plane. | Y

(X=Y PLANED

P4

| pp/
!
(line P4-PS

shows true length) PS

Figure 14(g)

Figure 14 {cont)

PL | [T pe

4 e
X

3

(X—~Z PLANE)
Z

(plane P1-P2-F3 shows
true shaope)

Figure 15
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Figure 5

Figure 5 shows the solution and in the plan view, a
grid has been imposed. The area A, can be deter-
mined either by counting squares or by some numeri-
cal technique. In this solution, we count squares to
obtain an area for 4, of 54.5 squares. The circle (in
this same scale) has an area of 100mn. So the shape
factor is:

54.5
F = = (0,173

aaL-AZ 100m
MICROCOMPUTER SOLUTION

A computer program has been written to solve the
problem. Again we begin with Figure 3 which illus-
trates the problem statement. The user must input the
coordinates of the corners of the plane. The equation
of the hemisphere is

*+ y + 22 =1

The user is permitted the option of selecting a radius
r. The computer then finds the equation of the line
extending from the origin (dA,) to any point on the
edge of the plane. The equation of the line and of the
hemisphere are solved simultaneously to find the x,
v, z coordinates of the point of intersection. The
computer then selects a new point on the edge (close
to the preceding point) and repeats the procedure. The
user has the option of specifying the number of points
selected on each line scgincnt {e.g., 100 points on AB).

Eventually the points on the edges of the plane
A_in Figure 4 are known. Finally to obtain the
projection of A_ onto the x — y plane (yield-
ing plane Ab , the z coordinate of all intersect-
ing points is set equal to zero asis Z inthe
hemisphere equation (Equation 5 above).

Y PLANE PROJECTION

D/ |
\43/

A-CIRCLE = 7.33E08) A-¥-% = LOSEs@1 M- 25 §DA-F = 01719

Figure 6

The Green’s Theorem area line integral around
the projected curve is then used to calculate the
area of Ab and, of course, the area of the circle
is TR2- The ratio of Ab to TRZ2 is the re-
quired shape factor. Figure 6 shows a computer
drawing of the hemisphere and the plane both
projected onto the x — y plane.

RESULTS
For the problem of Figure 3 solved graphically,
it has been determined that the shape factor is
0.173. When solved with the microcomputer,
the problem of Figure 3 yielded a shape factor
of 0.1719. The error is

0.173 - 0.1719

¥ error = X 100% = 0.63%
0.173

ACCURACY

The problem described above (which was
solved graphically and with the microcormputer)
was composed only for illustrative purposes. In
order to get an idea of the accuracy of the
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microcomputer solution, however, itis prudent  obtained for a specific problem solved graphically
to compare results with an exact solution ob- were within 1% of that obtained with the microcom-
tained by integration. Figure 7 shows one of the puter. Itis believed that the microcomputer solution
problems for which there is an exact solution: a  is closer to being exact (than the graphical method)
differential area and a disk. The shape factoris  because numerical methods were used by the com-

[8]: puter to find areas, whereas counting squares was
used in the graphical method. Results of both meth-
H + R + 1 i
Fau ~ 2 = [(F = R+ 15177 1] ods gave surprisingly good agreement.
P =

Comparing the microcomputer-obtained solution to
one obtained by direct integration shows that the
microcomputer solution gives fairly precise results
that are useful for engineering work.

where # = h/1 and R = r/1. Wenow
select specific values of h, r and 1 inorder
to perform a calculation; arbitrarily,

h = 4 units RP—

1 = 6 units

r = 2 units m

= ))

Equation 6 gives F_,, , = 0.0356. The micro- Y | /
computer was set up to solve this problem in v
two ways: where the radius of the hemisphere T
is large enough to encompass the disk (r = 50 Figure 8

units), and where the hemisphere excludes the BIBLIOGRAPHY
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An Integrated Course in
Computer Graphics: Merging

Old and New

Manjula B. Waldron
John T. Demel
The Ohio State University

INTRODUCTION

Engineering graphics includes
learning of graphics to visualize,
understand, represent and/or
solve engineering problems and
designs. As such, it formed an
important part of the engineering
curriculum [1]. However, the
addition of computers and sci-
ence courses to the engineering
curricula resulted in the elimina-
tion or reduction of graphics
courses {2]. The early nineteen-
eighties saw a rebirth of graphics
in the form of computer graphics.
The ability to simulate engineer-
ing systems and to represent
them graphically appealed to the
designers. There was a resultant
increase in CAD/CAM software
which has provided more graphic
media for representation [3] [4].

There are many approaches for
incorporating computer graphics
which have been proposed by
different educators. Some
educators believe that knowing
how to write computer programs
is not essential and, after an
introduction to traditional graph-
ics, the students can learn com-
puter assisted drafting without
worrying about programming [5-

7). The difference between this
approach and ours is very funda-
mental. We believe that the
problem-solving skills leamed in

| both programming and graphics

are very important for engineers.
This is especially true of top
down and modular approaches to
problem solving that we have
adopted. These skills, once
acquired, assist students in look-
ing at any problem, analyzing it
in a set of logical steps or sub-
problems, and then solving each

COURSE DESIGN AND
DEVELOPMENT

Engineering course design and
development is a dynamic proc-
ess and is dependent on industry
needs, the student and faculty
feedback, and the hardware/
software availability. Our first
course as presently taught has
undergone many changes, but the
underlying philosophy remains
the same.

The original concept was to
integrate the three courses with
programming, problem solving,
graphics, and computer graphics
interlaced [8]. This innovative
and exciting design was in some
ways dictated by the interactive
and time-sharing hardware
availability of the late seventies

8 e believe that the problem solving
skills learned in both programming
and graphics are important for
engineers 99

subproblem until the entire
problem is solved. Hence, we felt
that we could make the instruc-
tion of programming and graphics
much more efficient by integrat-
ing these into the first course of a
three-course sequence that con-
tains graphics, computer graph-
ics, and interactive computer
programming. Interactive pro-
gramming through graphics, apart
from being instructional, is also
fun for students, because they
quickly see the accuracy of their
results.
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and early cighties. But, after two
years of evaluation, it was appar-
ent that while the students bene-
fited from the approach as meas-
ured by the knowledge they
gained, the work load on the
students, the faculty, and the
system was much too large.
Unfortunately, it also gave the
courses an image of being suit-
able only for the brightest and
harder working students. To
some extent, the problem was the
pilot test which was done with
honors students.
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When the course sequence was
opened to the general student
body, the assignments had to be
changed in scope so as to
reduce the student work load.
The student group projects
were dropped and the course
content in the three-course
sequence was separated so that
a smaller number of topics was
covered in each course. This
change helped transfer students
and reduced administrative dif-
ficulties [9].

In 1982-83 the personal com-
puters became powerful
enough to support FORTRAN
and good graphics. These
standalone computers could
provide students with experi-
ence in dealing with the entire
computer system rather than a
terminal on a multiuser system.
Evaluation of the available
software and hardware fol-
lowed by a pilot study showed
that an IBM PC with Waterloo
WATCOM interpreted FOR-
TRAN software gave us a
system suitable for the first
course in the sequence. The
particular strengths of the IBM
PC/WATCOM configuration
are: ease of use, full screen
editing, graphics, FORTRAN
77 language (also, PASCAL),
and potential networking
capabilities. The latest version
of the WATCOM editor is easy
to learn and has sufficient
editing power including cut and
paste and file transfer. Experi-
mentation showed that the
interpreter executed the pro-
grams slowly and that the
WATCOM serial network was

very slow for frequent file trans-
fer [10].

The design of the first course
reflects the philosophy that the
programming principles can be
taught through interactive com-
puter graphics. This can be done
by teaching the students some
basic graphics principles through
the sketching of orthographic
views and pictorial drawings.
Then they can use a particular
computer language (FORTRAN
77) and system (IBM PC) to
create the same pictures on the
terminal.

The second course covers draft-
ing techniques and descriptive
geometry. We are currently
evaluating computer-aided draw-
ing packages for the IBM PC that
can be used effectively to replace
some pencil and paper exercises.

The third course in the sequence
introduces the students to a
multiuser computer system
similar to those used in the other
engineering departments. This
course covers more advanced
interactive computer graphics and
numerical programming algo-
rithms. The computer system is a
trio of networked VAXes that
share user disks and run VMS.
They support medium resolution
(640 x 480) raster graphics
terminals. FORTRAN 77 and the
Precision Visuals DI 3000 graph-
ics subroutine library are used by
the students for all programming
exercises. DI 3000 was chosen
by the College of Engineering
(and subsequently by the campus
computer center) to be the

graphics package available on
most systems and replace
PLOT10. In the first course,
graphics primitives allow the pro-
gramming emphasis to be modu-
lar and topdown. For example,
the student uses a program that
displays several vectors on the
CRT screen and then studies the
code to see how a subroutine
provides simpler coding to
achieve the same effect. In this
case one programming statement
CALL VECTOR (X1, Y1, X2,
Y2) replaces CALL JIMOVE (X1,
Y1) AND CALL JDRAW (X2
Y2). The student then is given a
drawing composed of a series of
2-D graphic primitives and is
required to first write and then
check subroutines individually to
create the primitives,

These subroutines provide a
variety of learning experiences.
They require the student to learn
about intrinsic functions (trigono-
metric, math, etc.) and various
features of the programming
language (loops, conditional
statements, etc.), and computer
graphics concepts (move, draw,
translation, scaling, rotation).
Then he/she is required to create
a data file of 2-D information for
creating the pictures. Once the
data file is created, the student
writes a subroutine to read from
the file, choose the correct sub-
routine for the set of data
elements, and call the subroutine
to do the drawing. The subrou-
tines are individually checked by
test programs and then combined
to make one program which
creates the given picture.
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The fourth step in this progres-
sion of computer graphics pro-
grams is to create a pictorial of a
3-D object through creating a
data base, and writing subrou-
tines to read from the data base
(file). The resultant display is 2-
D orthographic projections which
the student had sketched by
pencil earlier in the course.
Through this exercise, the student
learns the rotation of an object to
display different views, and in
the process learns the use of one
dimensional array manipulation
in the programming language. In
our approach the computer
graphics concepts of translation,
scaling and rotation are taught
with algebra and trigonometry
rather than matrices.

In teaching, the instructors are
made aware of good program-
ming proverbs to be emphasized
with the students during the
delivery of the course material.
The examinations reflect the
programming (computer graph-
ics) and the traditional graphics
{paper and pencil) aspects of the
course with quizzes or hour
examinations once a week and a
required final examination. The
final examination originally was
made optional to encourage the
students to develop good daily
work habits rather than face the
end of the quarter rush. This
practice was dropped because it
appeared that the comprehensive
final examination provide an
opportunity for the student to
consolidate the course material.

HARDWARE
In 1986-87, the air conditioned

laboratory houses 80 IBM PCs
with 640 KB memory, RGB
monitors, and two disk drives.
Nine dot matrix printers are
shared by the students. Priority
for the printers is based on the
students need for a hard copy
output. Each computer has PC-
DOS 2.1 and the WATCOM
FORTRAN 77 interpreter. The
faculty members teaching the
course also have this basic con-
figuration in their offices so that
they can develop course materials
and answer student problems.
The laboratory is staffed by a
full-time manager, assistant
manager, and part-time student
consultants and site monitors.

The faculty member and at least
one student teaching assistant are
present during the scheduled
laboratory sessions to grade and
monitor student progress. At
other times the laboratory is open
and students are encouraged to
work on their cwn and do extra
exercises from text books and
practice with supplemental
tutorial material. The philosophy
behind this approach is to encour-
age the good students to learn as
much as possible rather than
restrict them to specified times.

It also provides all students with a
chance to work on the system
when expert help is available.

COURSE DELIVERY

The first hour (as stated above) is
devoted to introduction to new
material and has a lecture/discus-
sion format. The second hour is
spent in the laboratory going over
materials covered in the lecture.
The students do preassigned work
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under the instructor supervision.
Each aspect of the course can
then be individually covered and
the instructor can assign extra
tutorial work to students who
need it. This allows for each
concept in the course to be
emphasized with every student.
The top down and the modular
approach in the students’ thinking
can be reinforced before many
bad problem-solving and pro-
gramming habits are ingrained.

Most textbooks in FORTRAN do
not seem to emphasize modular-
ity and interactive programming,
Hence, a supplemental manual
detailing the hardware/software
use and introduction to subrou-
tines was developed by our staff
for student use. The manual also
includes the tips for good pro-
gramming practices necessary for
top down and modular program-
ming, such as the use of mne-
monic¢ names, good documenta-
tion, headers, problem-solving
techniques, hand checking the
program, having a good logic
diagram so that the program can
be understood by those who read
it, etc. Based on student feed-
back as well as software updates,
the manual has been modified to
make it more effective.

The course grade is based on the
student obtaining 60% grade or
better in both the programming
and the drawing part of the
course which is weighted roughly
2:1 in favor of computer graphics
work. This distribution reflects
the time spent by the student in
integrating programming and
graphics rather than learning
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graphics. Typical computer
problems that the students en-
counter in the laboratory are;
Familiarity with the WATCOM
editor and IBM PC; Develop-
ment of subroutines and driver
programs to test subroutines;
Manipulation of data from
unformatted input data files;
Manipulation of 3D data to draw
and rotate objects through the use
of arrays.

Figure 1 shows a typical example
of the documentation students
learn to use in their programs.
Figure 2 shows how they com-
bine some of these primitives
through data specification to
create a composite picture.
Figure 3 shows the 3-D wire-
frame object representation done
through 3-D data manipulation
and rotation. Rotations are done
through simple trigonometric
functions as presented in Demel
& Miller [11] rather than ad-
vanced matrix concepts as pre-
sented in many texts. After
completing this exercise the
students have a better under-
standing of orthographic projec-
tion and isometric views. They
will usually create different
objects on their own and experi-
ence the power of modular
programming and creation of a
user-oriented software.

SUPPLEMENTAL TUTORI-
ALS AND COMPUTER
AIDED INSTRUCTION
Several tutorial software pack-
ages have been developed to
assist those students who have
trouble in visualizing objects in
space from either the ortho-

graphic or the isometric drawings.

The tutorial allows students to
look at surfaces of selected
objects in the isometric and the
three orthographic projection
views [12], [13]. Tutorials which
will present the student with an
isometric drawing and allow the
students to create three ortho-
graphic views and vice versa with
immediate feedback on errors is
available on the IBM PC {14],
[15].

These tutorial systems are user-
friendly and students can start the
program and look at different
objects, surfaces, lines or create
drawings on their own without
assistance. Usually the instructor
will demonstrate the tutorial use
to the needy student and let the
student come and practice on
their own time. The use of the
tutorial is voluntary on the part of
both the student and the instruc-
tor.

EVALUATION

This course format on the IBM
PC has been followed for 10
quarters now. The original
course design required formal
exercises on problem-solving
skills. It was found that both the
formality of presentation for the
students and its grading by the
instructors proved to be very time
consuming. Hence the problem-
solving part which is still taught
and stressed in their course has
become part of the presentation
of graphics and programming
rather than being a separate topic.
What impact this will have on
student learning has yet to be
assessed. But the general feeling
is that the benefit in eliminating
the frustration from overloading
will far outweigh the possible
decrease in student retention of
problem- solving skills. In the
last student survey more than
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70% were satisfied with the time
required and the course presenta-
tion. Considering the university
has an open admissions policy
and all entering freshmen in
engineering take this course, we
feel that this is a positive indica-
tor.

At present we are experimenting
with different networking sys-
tems, but the slow access times
and relative unreliability of the
original networking software/
hardware system dictated stand
alone PCs with software distribu-
tion on floppy disk. This aspect

locally prepared visual aids and
handouts to assist in instruction.

FUTURE DIRECTIONS

It is difficult to hold a crystal ball
in these fast changing technologi-
cal times and see which choices
to make. Very recently we have
seen the price of computer mem-
ory falling rapidly, paving way
for an easy merger of video and
digital architectures. On the
software side the impact has been
in the Artificial Intelligence (AT)
type of languages and expert
systems. For service courses
such as freshman graphics and/or

computer graphics, the impacts
are often dictated by the college
of engineering as a whole and
hence are even harder to predict.
This is why it is important to
have a good underlying philoso-
phy. This allows the details to
change as dictated by hardware
and software but the philosophy
remains the same. Our philoso-
phy is that the engineer should
know how the system works and
be able to modify it through
software changes and be able to
create, to understand, and to use
graphics for effective communi-
cation.

is still under evalu-
ation,

The strength of the
course we believe
lies in the fact that
the students integrate
problem solving into
graphics which will
assist them in ap-
proaching CAD/
CAM workstations
in a more visually
literate manner. Stu-
dents enjoy produc-
ing graphics and the
interactive nature of
the environment.
The weakness of this
course liés in the fact
that there are no
current textbooks
promoting the
philosophy pre-
sented here. Hence,
both students and
faculty must rely on
the faculty member’s
experience and
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In the computer graphics area,
one thing is certain, more engi-
neers will need to be visually
literate, Engineers will need
visual skills to assimilate and
utilize the vast number of interac-
tively controlled visual devices
which are becoming increasingly
available. In the future, this
literacy will be provided through
computer graphics rather in
addition to paper and pencil,
because computer graphics can
provide for a more dynamic
medium of instruction.

The foregoing leads us to state
that there will be a need for
interactive, intelligent tutorials

on graphics and computer graph-
ics related topics to assist students
in developing visual literacy, es-
pecially in the area of rotation
and object manipulation, Since
engineers by profession will
continue to be problem solvers,
they will need to continue to learn
good programming and problem
solving skills with modular and
top down approaches. CAD/
CAM software and workstations
will be the tools engineers use in
industry; hence, an intelligent
introduction and use of these in
the engineering curriculum will
be necessary. Some of these
introductions of necessity will
have to be made at the freshman
level.

In summary, in the next few
years the graphics content will
not change while the delivery
systems may change. Descriptive
geometry will take on additional
forms, including solid modeling
and a rebirth of rotation methods
done by the computer, thus
saving time while increasing
visualization. The language of
instruction in most engineering
schools may change from FOR-
TRAN to some other language,
but engineering problems will
have to be solved using graphics
and the computer throngh good
probleru-solving techniques. We
feel that our teaching approach
for freshman graphics/computer
graphics has the most potential
for future curriculum adaptation.
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