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By David 1. Cook and
Robert N. McDougal, bock with the
University of Nebraska—Lincoin

With an emphasis on current needs, this
new book covers both traditional and

modern methods of graphic design. The authors
stress fundamental principles common to all
areas of engineering graphics, giving students
the background they need to adapt to the special
requirements of different industries. Computer
graphics applications are introduced early and
used throughout on many traditional graphics
problems.

You'll also appreciate these helpful features:

TWO SERIES OF WORKSHEETS

@ WORKSHEETS—SERIES A and SERIES
B—each in workbook form containing
a{)proximately 65 worksheets. Each par-
allels the complete text and contains
sample problem sheets for all areas of
engineering graphics.

Series B tends to be a little more challeng-
ing in the area of descriptive geometry, but
the two series can be used interchangeably,
giving instructors flexibility in rotating as-
signments from term to term.

ISBN 0-03-063693-0 (Series A)

ISBN 0-03-003964-9 (Serics B)

In addition there is a complete solutions
manual for the text and each volume of
worksheets:

®TEXT SOLUTIONS MANUAL-
ISBN 0-03-070649-1

HOLT, RINEHART AND WINSTON

® Jists end-of-chapter problems in most cases by
degree of difficulty

e covers all the important subjects in the field in
a less voluminous, more accessible, manner
than other texts

e provides up-to-date information on current
standards incInding the latest ANSI and ASTM
standards relating to graphical procedure, tol-
erance, limits, and dimensioning

@ features a glossary of the most frequently used

computer graphics terms. ISBN 0-03-063692-2

® WORKSHEET A
SOLUTIONS MANUAL-
ISBN 0-03-070651-3

® WORKSHEET B
SOLUTIONS MANUAL-
ISBN 0-03-003967-3

For more information, or to request examination
copies, please contact your local Holt, Rinehart
and Winston sales representative or write on your
college letterhead to:

John Tugman

Holt, Rinehart and Winston

PO, Box 36

Lavallette, N.]. 08735
Include your course title, entollment, and text
currently in use. T expedite shipping, please
include the ISBN (International Standard Book
Number) for each item requested.
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The newest edition of ENGINEERING GRAPHICS is, as always, a motivating, concise, reada-
ble, and readily adaptable textbook. Material has been updated wherever necessary, and the
many beneficial suggestions of past users have been incorporated.

NEW MATERIAL
Computer Graphics and its associated technologies are discussed in relation to their increasing
importance as a drawing and design tool.
Metrication is emphasized even further in this edition. The proper use of the SI system is
stressed, and fasteners are treated as the focus of many areas and supplemented where necessary
by their common-unit counterparts. Metric dimensions and units are used as the basis for
illustration and problem layout.
Standards Changes are included whenever possible, especially in the area of dimensioning.
New Illustrations and Problems are introduced to help students learn the material.

CONTENTS

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

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

Yes, please send me a complimentary copy of ENGINEERING GRAPHICS: Communication,
Analysis, Creative Design, Sixth Fdition, by Paul S. DeJong et al. 2043

Course No. & Name Name
Affiliation
Enroll. /sem. /qtr. Address

City
mﬁﬁ Kendall “Hunt Publishing Company~

2460 Kerper Bovievard - PO. Box 539-Dubugue. lowa 52001 State
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The Editor weicomes submissions for publication in
The Jeurnal, The following is an suthor style guide
for Lhe benefit of anyone wishing te coptribute. fn
order to seve time, expidite the mechanics of
publication, and svoid confusion, please adhere to
these guidelines:

1. AN copy is to be typed, double spaced, on one side
only using white poper and a black ribbon in standard
English.

2. Al pages of the manuscript are to he consecutively
numbered.

3. Two copies of eech manuseript are required.

4. Refer to &)t graphics, diagrmms, photographs, or
iMustrations in your text as Figure 1, Table 1, elc, Be
sure to identify o)} material . INustretions cennot be
redrawn. accordingly, be sure thel sl lines ord block
and sharply drawn asnd thet text is large encugh to be
Tegible when reduced to 425" fn width. Good quality
photocopies sre occeptable of  sharply  drawn
ilustrations.

5. 5ubmit 8 recent glossy black & white pholograph
(heed Lo chest). Make sure that your name and address
is on the back Photogrephe, illustrations, or other
submitted moterinols chnnot be returned unless
postege 15 prepaid,

6. The editorial steff will adit manuscripts for
publicalion, however gallay proofs cennol  be
submitted for author approval. Authors are encouraged
to seek editorel comment from their cellegues before
submission.
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REVIEW OF ARTICLES

a1l articles submilted will be reviewed by several
suthorities associated with the techaical content ef
each paper bafore acceptance. Current nswsworlhy
ilems, er commenits, will bs eccepted at the
discretion of the adilors.
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This ts5ue has seemed {0 be
heavier in the area of
perspective than most. |
want to share  editorial
opinien about the subject,
encourage you to review the
features and comment to
me if you wish.
Specifically, this  issue
contains book reviews, a
product review, and a
technical paper.

First, a little discussion of perspective
philosophy. 1t is & drawing topic that has seemed
tedious to many, yet it has been the most rewarding
of all drawing techniques for others. Those of Us who
have taught the subject for a number of years 1o a
variety of students, have developed our own
techniques to efficiently and effectively teach
perspective. We know from experience that there are
students for whom perspective will allways be a
mystery. |I'm sure each of you has seen the glazed
look in @ student's eyes when he has no idea what you
are drawing or talking about.

its the drivel that makes knots
return to gour stomach

David Yue's Perspective Drawings Dy Programmable
Calculator is pot the first effort to use rew
technology to draw perspectives, but | certainiy hope
that it is the last of its particular kind. |t is touted
to atlew you to make perspective drawings guickly,
cheaply, and at any size. in its attempt to make
perspective drawing more efficient and
understandable, it has made totally obscure a subject
that if taught correctly, can De illuminating. The
whole idea of plotting X-Y intercepts works, only if
you don't have to piot the points manually. The same
concepts Mr.  Yue utilizes with a hand-held

programmable calcutator are very powerful when

applied to a graphics device that can read the data,
display the graphics, and translate , scale, or rotate
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the geometry without further effort on the part of the
viewer. As it is, Mr. Yue's worlk has no place in the
teaching of perspective drawing to students, or in the
making of perspective drawings professionaily. The
examples are very simple, demonstrating the faliacy
of producing perspectives this way.

There 13 & major fault in this work, and in many
other works in perspective and technical drawing. The
fault  lies with teaching drawing 8s a
two-dimensionzl exercise. Those who can really draw
and understand gecmetry in perspective don't draw,
don't plot points on the picture piane. instead, they
build or model the geometry in three-dimensional
space. They don't draw lines on the sheet of paper.
They construct form, intersect form, define space
Can you imagine designing in perspective by
pregrammable czlculator? It5 ludicrous, and | am
surprised thatMr, Yug, who is an architect, didn't see
this.

There are two possible reasons for this
impetent perspective method: the author never could
draw in perspective, as many architects can't, or, he
draws so well that the laborious calcuiation and
plotting of points, and then the dot-to-dot
connectivity, seems a natural extension of the taws
of perspective. Ernest Burden has done much the same
thing in  Architectura Delineation,  where
perspectives are traced over photographs of carefully
consiructed scale models. Eee Gads! Another architect
that can't draw!

On a brighter note, but still with some reservations,
is the set of perspective charts and quides offered by
Perspective Sciences calied the Perspectamat . It is
a more transporiable version of the old perspective
table. | was given a set to try out and | found the
strong points to be the ease of selection of different
perspective orientations, and quick approximations of
measurements. On the short side, | fell the product
would not stand up to daily use and felt limited with
the generally small perspective grids.

Both the book and the perspective aid bring me
to my major point.

Perspective short-cuts, aids, guides, and
new and improved methods only make
sense if you already know how to draw in
perspective.

| think many topics in grapnics adhere to this
statemeni. As educators, we must analyze the
subject matter to find out just what the impartant
aspects of graphics are, independent of computers,
hand-heid calculators, grids, guides, or tables. This is
what we must teach.
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A companion book by Van Neostrand Reinhold is
Stephen Rich's Rendering Standards in Architecture
and Design, This is a more traditicnal perspective
text, very strong on rendering, but leaving the reader
with the same nagging guestion: Doesn’'t anyone
really understand perspective any more?
Standards containg incorrect terminclogy (SP on
ground, for instance) as well gz the unnecegsary use
of a second picture piane. This is unforiunate in an
otherwise superi rendering book. And there, at the
end of Standards in a section incorrectiy titled
"Computer Rendering” is more hand-held calculator
drivel that returns the knots to my stomach.

At least Rich expiains in one paragraph what Yue did
not explain in his antire book: Just why would anyone
ever want to use this method to draw perspectives?

"The hand calculator generated
perspective views have the advantage of
gase of plotting without the need for
drafting equipment other than triangle, a
scale, pencil or lead holder with lead,
and grid paper. One of the major
advantages of this system is the ability
to create @ large perspective without
having to plot vanishing points.”

SPRIMG 1985

i hardly consider a calculator, a program, paper for
recording data sets and the above mentioned supply
list to be an improvement gver traditional methods
And for anyone who has tried to trace over a
perspective without refinding the vanishing points,
you know that you run the risk of getting the
perspective whacked out of shape. Visibility still has
to be determined and | have yet to see a perspective
with professional detail { like the one on the cover of
this issue ¢f The Journal) done this way.

And finatly, the rationale concerning the size of the
perspective drawing (distance of the YPs) shows how
littie is understood here about perspective. The fact
is that & convenient arbitrary vanishing point can be
used i the patural vanishing peints are inaccessible.
Far off vanishing points are hardly @ reasoen for
making perspective @ non-drawing, key-punching,
point piotting, connect-the-dot, 2-0 travesty.

@ DGy

Fig. 3.10 Computer-genarated digplay of an are fan-
gent o two given arcs

CALL GRSTRT(4010:1)
CALL NEWPAG

CALL MOVE(70.:104)
CALL ARG (1C,40.+80.)
CALL MOVE{B7.:204)
CALL ARC(10.40,+-180.)
CALL MOVE(115,:10.)
CALL ARC(Z20.,90.:180,)
CALL DASHPT(1)

CALL MOVE(B7.:20.)
CALL DRAMW{77. 4154}
CALL HMOVE{B7.20.)
CALL DRAWL97. 1541}
CALL GRSTOP

STOP

END

Engineering Graphics and Design

with Computer Applications
By David |. Cook and Robert N. McDougal
Holt, Reinhari and Winston 1985

A 385 page hard-bound engineering graphics text
which doesn't treat computer graphics as a separate
topic, rather it blends computer topics into each
chapter. Traditional in its treatment of graphics
topics including, equipment, gecmetry, projection,
pictorials, sketching, gections, fasteners,
dimensioning, auxiliaries, intersections, working
drawings and engineering design.  Up-lo-date
photographs but thinly illustrated and with fewer
than the expected problems at the end of each chapter.
The computer graphics is based on Tektronics Plet 10
graphic library catls.

EMGINEERING BESIGN GHRPRICS JOUANAL 9



SPRING 1985

{-2.3699, 2.4633)

21 (16081, 3.0576}

39239, —1.0274) @/

roLUME 49 NUMBER 2

Perspective Orawings by

Programmable Calculator
David Yue
Van Nostrand Reinhold 1984

A 230 page hard-bound text covering the use of
programmable calculator generated perspective
drawing. Perspective and calculators are reviewed
historically and perspective programs for HP and T/
calculators explained. After that, the author
demonstrates the use of the technigue in scaling,
view determination, finding vanishing points, drawing
grids and maps, unitary form, circles, and shadows.
Program listings are presented in full in appendices.

Bendering Standards in

Brehitecture and Design
Stephen W. Rich
Van Nestrand Reirhold 1084

A 400 page hard-bound text containing numercus
examples of architectural rendering and step-by-step
techniques. The author covers perspective systems,
grids, interior and extericr perspective methods. The
majority of the book covers rendering techniques
{generally pencii or pen and ink ). The variety of
architectural rendering styles is impressive. Smatl
chapter at the end on "computer rendering” that is
actually wire frame display.

Perspectamat
Perspective Sciences
99 Green Lane, Camp Hill PA 17011
Perspectamat is a grid-based perspective aid
for making perspective drawings from a variety
vantage points. The system consists of an acetate
work overlay to protect the gride, a large number of
grids, self-adhesive guides to place on the overiay in
atignment with the grid, and a special T-Square with

pins to follow the gquide.

Much like & perspective

table with adjustable sides. Self-aghesive vanishing
paints are also included. The set comes with a little
beok on perspective but the grids reguire no
explanation for somegong versed in perspective

drawing.

6 ENGINEERING DESIGN GREPHICS JOURNAL
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A MEGSAGE FROM THE CHAIRMAN

By the time you receive this issue of the Journal,
Spring and all its accompanying marveis hopefully
will have brightened your life as we move forward
into a new year of growth for the Division. Thanks to
you, this year has been most enjoyable, enlightening
and challenging. | have had the opportunity to work
with so many of you and have become more appre-
ciative of the many individual efforts that preserve
our Division as one of the Jargest and strongest in
ASEE. Yet, this has been but one of many years for the
oldest Division in ASEE. Historically, the same indi-
vidual qualities must have been evident in our
Division's past members for us not only to have
arrived at this point in time, but to have excelled in
the process.

Puring the past two years | have spent considerable
time reminiscing while reviewing past issues of the
Journal. Upon reflecting back with a more objective
perspective, | have come to more fully appreciate
past events and their impact on us today. As one
example, Klaus Kroner wrote a guest editorial, "A
Look Beyond”, in the 1969 Winter issue of the Journal
In that article he proposed an “internattonal focus” on
graphics and recalled the attempts of Steve Slaby a
few years earlier to organize an International
Conference. We have since seen that vision evolve into
reality not once, but twice, and plans are for a third
International Conference in Vienna, Austria in 1988.

Another historical example and one that received
considerable attention and controversy at its first
glimmer was the idea of teaching design in
engineering graphics courses. A perusat of past 1ssues
of the Journal brings to focus the advoecacy and re-
sistance surrounding such a change. History reveals
how we wrestled with the idea, tncorporated design
into graphics courses in various ways and to various
degrees at our own schools,and struggled with & name
change for the Division to reflect the new emphasis.
History also reveals that the Creative Engineering
Design Display - a direct product of the EDGD - was an
immediate success. It has continued to improve and is
now cne of the major hightights of the ASEE annual
conferences, '

One of the most dramatic and far-reaching
challenges that has affected engineering design
graphics in the last two decades has been the
computer. The Journal documents its seemingly
insignificant emergence and traces 1ts progression
over the past twenty years. Do you remember, for

Gerland Hiltiard, Chairman EDGD

Marth Carolina State University
example, how we once marveled at the computer's
ability to produce even the simplest geometric shapes
in their crudest form? And this was only after
painstaking hours of programming and inputting data

on punched cards! Recall, too, our early workshops,

summer schools, and conferences as we all tried to
keep abreast of the new technology that was invading
our dornain? |, for one, can recall my early contempt
and disdain for the computer purporting to replace
even the most menial graphics functions that | had
been accustomed to performing. How difficult it must
have been for those early authors and pioneers to
enthusiastically continue thelr relentless pursuits in
the midst of resistance like mine? Yet, through their
persistent, systematic and dedicated efforts, the

~ groundwork was laid for the realization of the current

state of the art.

Yes, in reflecting back over past issues of the

Journal where significant parts of Division history

are recorded in print, | am forced also to recall other
not so apparent moments - moments when we were a
part of history in the making. Looking back we can
indeed be proud of our accomplishments and our

fervor for meeting challenges square in the face.
Those seemingly insignificant events and episodes -
and yes, even the arguments and dissent - have

influenced where we are now.

The beauty of now and the future is that we will
continue te face new challenges. This June, at our

Annual Conference th Atlanta, the officers you elected
this past winter will assume their duties. | wish to
welcome them to the important roles they witl play in
our future challenge and continuing journey toward
excellence in the Engineering Design Graphics
Division. They, too, | am sure will enjoy the same
support and cooperation that has been so inherent in

our Division's history. | thank each of you for the

opportunity to serve as your Chairman this year.

o

EMGINEERING BESIGN GABPHICS JOURNAL 1
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MICHIGAN TECHNOLOGICAL

1OJp

URIVERSITY

E CURRENT JOB OPENINGS

PURDUE URIVERSITY

The Technical Graphics Department in the
Schoal of Technology anticipates several faculty
positions to be available in the areas of Traditienal
Technical Graphics, Descriptive Geometry,
Electronic Drafting, and Computer-Aided
Drafting and Design.

Positions are at the Assistant Professor
level and generally require a Master's Degree in
Engineering or Technology, teaching experience in
graphics and computer graphics; industrial
experience preferred. Individuals with a strong
industrial background are encouraged to apply.
Interested individuals should contact: Professor
Jerry V. Smith, Chairman, Technical Graphics
Department, 363 Knoy Hall, Purdue University, West
Lafayette, IN 47907. Purdue University is an
Affirmative Action/Equal Opportunity Employer.

BEINSSELAER POLYTECHRIC
INSTITUTE

Possible opening for full-time tenure-track
position starting Fall, 1985. Rank and salary apan but
prefer assistant or associate professor. Must have
MFA or PhD in hand. Must be able to develop graphics

track for M3 in Technical Writing program.

Expertise in computer graphics, print media, and
thearies of visual communication  desirable.
Interest in cooperating with theorists in rhetoric,
composition, and communicatien important. Apply to
Merrill D. Whitburn, Chair, Department of Language,
Rensselaer

Literature, and Commupication,
Polytechnic Institute, Troy, NY 12180. AA/EOE

8 ENGINEERING DESIGN GRAPHICS JOURNAL

The M™Mechanical Engineering-Engineering
Mechanics Departmant has tenure-track facutty
positions open in the area of Mechanical Design
emphasizing CAD/CAM, Computer Graphics,
Kinematics and Mechanisms, Acoustics and
Noise Control, and Robotics.

Responsibilities  include undergraduate and
graduate instruction and the pursuit of funded
research. Rank and salary will be commensurate with
qualifications and experience. Preference will be
given to US. citizens and permanent residents.
Appiications will be accepted until positions are
filled. Applicants should send resumes with names of
references to: Dr. Harold W. Lerd, Chairman, ME-EM
Department, Michigan - Technological University,
Houghton, ™I  48931. Michigan Technological
University is an Equal Opportunity Educational
Institution/Equal Opportunity Employer.

SOUTH DAKOTR
SCHOOL OF IINES AND TECHNOLOGY

The DEPARTMENT OF CIVIL ENGINEERING,
South Dakota Schoo! of Mines and Technology, invites
applications for a faculty position in Engineering
Graphics and Computer-Aided Drawing and
Graphics. The successful candidate will also be
expected to provide leadership in the deveiopment of
courses using computer-aided design in  an
engineering discipline. The position is a tenure-track
faculty line in the Civil Engineering Department and is
available mid-August, 1985 Both junior and
senior-level gpplicants are urged to apply. Experience
is highly desirable. The appointee will be expected to
pursue scholarly activities. Rank and salary will he
commensurate with qualifications. A resume with
three (3) references should be mailed to Dr. Thomas
Propson, Department of Civil Engineering, South
Dekota School of Mines and Technology, Rapid City,
South Dakota 57701-3995. (605) 394-2440. SDSM&T
is an Equal Opportunity/Affirmative Action Emptoyer.
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THE OHID STATE
ONIVERSITY

Two Positions at the Assistant or
Associate Professor Rank

Engineering Graphics; PhD in engingering,
engineering education or ciosely related field or an
engineer with M3 and significant industrial
gxperience; ability to teach technical graphice and
technical illustration; familiarity with solving
engineering problems using numerical methods and
computer graphics is desired; teaches and
manages graphics courses; initiates and manages
development projects; serves on departmental
college, or university committees; offers services to
the fields of engineering and technology. This is a
nine-month position starting Fall Quarter, 1985.
Salary. $28,000-$38,000 PY1 Y

0

-
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Thinking of becoming 8 member of
the Design Graphics Division of

ASEE?
LIRITEE:

American Society for Engineering Education
Suite 200, Eleven Dupont Circle
washington, DC 20036

note:

A workshop in computer-aided

6 uyf"

graphics is planned as part of

the 1985-EDGD Mid-Year Meeting

ASEE/EDGD MID-YEAR NEEng
CALL FOR PAPERS

ASEE Engineering Design
Graphics Division
Midyear Meeting

Purdue University,
November 24-26, 1985

The Engineering Design Graphies Division of ASEE in-
vites papers for presentation at its midyear meeting to
be held at Purdue University, West Lafayette, Indiana,
on November 24-26, 1985. The theme of the meeting is
“Educational Directions in Technical /Engineering
Graphics.”

Papers dealing with all jevels of graphics instruction are
solicited. Topics include: computer graphics, computer-
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ABSTRACT

Although laser videodisc technology has been
available for a number of years, severa! factors have
prevented widespread applicalions in engineering
graphics education. Among these factors are: lack of
* information acout the technology, the relatively high
cost of hardware, difficulty of interfacing videcdisc
vlayers to micrecomputers, and the lack of
availability of videodisc materials which have been
specifically designed for engineering graphics
instruction. This paper provides the reader with an
overview of the vcurrent state-of-the-art of
interactive videodisc technology, and outlines the
author's plans to develop a videodisc specificaily
designed for use in engineering graphics instruction.

THE BEGINNING

Videodisc technology got its start in 1923 when
James Baird began work on mechanical scanners and
video display devices. (1) In spite of early and
continuing experiments with videodisc technology
over the last five  decades, however, videodisc
technology did not receive much notice by either the
general public or the educational community until
recently. The aborted attempt by RCA to enter the
consumer market with a videcdisc player using CED
{capacitance electronic device) technology did little
to demonstrate the credibility of videodiscs as an
important instructional medium. The establishment
of videodisc technology as 2 viable inferactive
instructional medium  may be traced to the
developrnent of a standard laser-optical disc format
by Phillips, and its acceptance by several major
Japanese firms such a5 Sony and Pioneer.
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THE ORIGIN OF TECHNICAL EDUCATION

Before dealing with the nature of inieractive
videodisc technology, and before deciding if it has
potential as an effective instructional medium, let's
briefly review the nature of instruction ang
instructional technolegy. Technical education and
training had its beginnings in the apprentice system.
Young men were assigned to a skilied craftsman, and
were called upen to assist him in tasks of slowly
increasing complexity as the apprentice observed the
master and acquired skills and knowledge of his own,
If we put aside for the moment consideration of the
rorality and ethics of assigning a young person to a
sometimes indefinte pericd of servitude without
consent, we might cenclude that the apprentice
training system had many instructicnal benefits. It
was truly individualized. The learners all had the
benefits of the personal attention of the master, and
got 2 great deal of hands-on experience.

consider the technology in the context
of learming theory and economics

As society, population, and technology wunderwent
changes, educaticn moved from the master’s workshop
with its small number of learners, to the large-scale
public institutions we have teday. instructional
technology became  increasingly important as
educators had to abandon the “"show them, watch
them, show them" approach of the apprentices’
masters.  Probably the first instructional delivery
systern used for simuitanecusly proviging instruction
to large numbers of students was the lecture, The
tecture method, in spite of years of educational
research demonstrating that it is one of the least
effective instructional strategies, remains one of the
most common metheds of instruction. The primary
reasons for this, | believe, are economics and
laziness. Lecturing to a large group of students is
relatively inexpensive. And, an average instructor can
‘wing” a socially acceptable lecture with no more
preparation than thinking a little about the subject on
the way to ciass.

% APPLICATIONS FOR TERCHING
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INSTRUCTIONAL TECHNOLOGIES

Regardless of the presence or absence of research on
the  effectiveness of  various  instructional
technolegies, application of these technoiogies by
instructors seems to be directly related to ease of
use. Instructers will use a chalkbeard as long as it's
fixed to the wall, and as long as they don't have to
bring their own chaik. Overhead projectors are in
common use, aithough more often than not the visuals
used are typed, single-spaced pages full of
information, unreadabie to anyene sitting beyond the
first two rows (which students, and audiences rareiy
seem to occupy). Many instructers are rightfully
skeptical of new instructional technologies because
they have observed so many fads and fancies
presented by salespeople as the last word in
delivering instruction faster, cheaper, and easter.
Some instructional delivery systems have solid
educational research supporting their use, but are
impractical simply because they are too expensive to
gbtain or maintain. Such is the case of the PLATO
systemn of computer assisted, computer managed
instruction deveioped in the 1960's and 7C's. PLATO
was deveioped with large grants from the National
Science Foundation. Quife a number of the more than
14,000 lessons developed for PLATC were proven
effective Dy various educational researchers.
However, at $!,200 per student work station per
month, the system was too expensive for most
institutions. In considering any new instructional
technology, such as interactive videodiscs, we should
consider it in the context of what we know about
learning theory, and with attention to economic
practicability.

LEARNING THEORY

without getting inte an academic discourse on
research in fearning theary, | would like to reflect en
several, almost "common sense”, principles of
learning. One is that the more senses the learner is
reguired to use, the more the iearner retains.
Research has shown that individuals retain about 10%
of what they read, 20% of what they hear, 30% of
what they see, an¢ 50% of what they see and hear (2).
Furthermore, when the learner is requiréd to
immediately complete an action that demcnstrates
what the learner has seen and heard, there is a
dramatic increase in reteniion, 1t should be no
surprise that research shows the lecture to be an
ineffective (even though economical} means of
delivering instruction.
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Mevies and television, although attacking more senses
than lectures, go not require the active participation
of the learner. Computer assisted instruction, when
properly designed, does require the active
participation of the learner. Computer assisted
instruction, however, even on prehibitively expensive
main-frame computers, cannot compete with color
slides for visuat impact, or movies or television for
motion and sound. Color slides can be mixed with
audip tape, or with a live presentation, to enhance
instructional delivery. However, for an instructer to
maintain and transport a tibrary of several thousand,
or even several hundred color slides, is a considerable
undertaking that only a few dedicated souls would
consider.

INTERACTIVE VIDEODISC TECHNOLOGY

The two major types of videodisc technologies used
are the CED system and the optical laser discs. ihe
CED system, now abandoned by RCA, uses a styius
{much like a very fine phonograph needle) which
follows grooves on the surface of the disc. There are
several probiems associated with this approach. For
ore, it is not possible £0 randomly access individual
frames on the disc, or to "freeze” on one frame for an
indefinite amount of time. Although the CED discs are
inexpensive to reproduce, they are largely restricted

“toa continuous play- mode, much  like ~& movie.

Because the stylus and grooves are subject to wear,
the expected life of both the stylus and the discs is
fairly short (3).

The optical laser disc uses a narrewly focused beam
of light reflected from a surface containing
microscopic pits. Since nothing but 1ight contacts the
disc surface, wear on discs or disc players is not a
factor. Laser disce are made in two formats,
controtled linear velocity (CLY) and controlied
angular velocity (CAV). CLV discs allow for up to 60
minutes of television, with stereophonic sound. CLV
discs essentially compete with movies as an
instructional medium. CAY discs allow for the
storage of up to 30 minutes of television, with
stereophonic sound. CAV discs, however, also allow
the capability of complete random access to any of
the possibte 54,000 individual frames on the disc, and
the capability of "freezing” indefinitely on any singte
frame (4}. This means that it is possible to store the
equivalent of 54,000 color slides in the space of an
L P phonograph record, and to access any one of them
in a worst-case search time of less than 5 seconds.

ENGINEERING DESIGN GRAPHICS JouRnAL 11
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It is also pessible to mix still frames and motion
seguences. The motion sequences are displayed at 30
frames per second. Still and motion sequences may be
stored on the same disk in any combination that adds
up to a total of 54,000 frames. The CAV disk holds
two channels of audio. These may be used to contain
either stereophonic sound, or completely separate
audic tracks. An application of the separate audio
track feature would be to provide a cheice of
different languages, or different jevels of explanation
with the same video.

It shouid be noted that when the videodisc player is
used to freeze on a single frame of video, the audio is
not availabie. However, several manufacturers are
marketing various devices to provide “compressed
audio” for use with still frames. One of these devices
allows over 100 hours of audio on one disc.

Laser videodisc players are classified into thres
levels (5). Level one piayers, such as the Pioneer
¥P-100, have a controiler which allows the user to
directly control functions such as: playback, search,
freeze-frame, slow motion, forward, reverse, or fast
scan. Some models can read chapter, stop, or scan
codes {f they are encoded on the disc. Level two
piayers, such as the Sony |DP-1003, or the Pioneer
8210, have built-in microprocessors that allow some
degree of programming. Controlling programs can be
encoded directly on the disc, and are automatically
loaded and executed when the player is turned on.
This type of videodisc player is being used in training
applications in the military and in private industry.
Level-three systems consist of either level-one or
levei-two players coupled with a computer.
Level-three systems, therefore, generally form the
basis for what is commonly referred to as interactive
videodisc  technology. The most  sophisticated
level-three systems also provide for superimposing
computer generated video directly over videodisc
supplied video. Complete level-three systems are
currently being marketed by a number of large
companies  such  as  Sony, Digitai  Equipment
Corporation, and National Cash Register.

Videodiscs are significantly different from videc tape
ina number of ways. The advantage of disc over tape
15 1n the area of fast random access, picture quality,
durability, freeze frame and step frame capability,
and ease of use. The disadvantage of disc compared to
tape is in preduction. Videotape is both a playback
and record medium, while videodiscs are piayback
only. 1t should be noted that videodisc recerders
(sometimes referred to as "direct-read-after-write
devices) are available, but are currently very
expensive (starting at about $30,000). (B)
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THE GOOD NEWSH

INTERACTIVE VIDEODISCS AS AN
INSTRUCTIONAL DELIVERY SYSTEM

Let's review how interactive videodisc systems stack
up against our analysis of learning theory. To be
effective in increasing long-term retention, an
instructional delivery system should aliow us to
attack as many of the iearner's senses as possible.
The systemn should aliow for the learner to be
actively, rather than passively involved.
Interactive videodisc systems can provide text, audio,
and visual materials in 2 manner previously
unavailable. The systems can altow the merging of
the best of the worlds of audip-visual aids and
computer assisted instruction. Interactive videodisc
systems have the potential of being the most
effective delivery system short of the master
craftsman individually training each apprentice.

But what about the cost? We should remember that
aven though computer assisted instruction on systems
such as PLATO has been proven to be educationally
effective, the cost of the required hardware can
prohibit large scale application. Videodisc systems
are not yet inexpensive (although a videodisc player
was recently advertised, in a Columbus, Ohio
newspaper, for less than $300). The trend is
promising, however. in 1982, ccmmerciai-grade
videodisc players cost about $3500 each. In 1984,
players with more capapility than the 1982 modeis
are priced at less than $1000. Complete inferactive
systems are currently priced from $5500 to $12,000.
Based on observed trends (and photos of Japanese
systems not yet being imported into the US.), the
author expects complete interactive systems, with
video overiay capability, to be priced at iess than
$2000 per work station within two to four years. If
this estimate is close to correct, we should have
large numbers of interactive videodisc systems in
schools and universities by 1990,

AND NOW THE BAD NEWS!
VIDEODISC AND SOFTWARE PRODUCTION

The biggest problem in using interactive videodisc
systems in education is the lack of availability of
both appropriate videodiscs and CAl software. Since
videodiscs cannot be produced as simply as
videotapes, the average educational institution is
unable to develop original videodiscs. The process for
developing videodiscs is to first gemerate a high
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quality one~inch videe tape, and then send it to one of
a Hmited number of disc production facilities for
gererating the master disc anc multiple copies. The
resuit is that in small quantities, the per copy cost is
fairly high, 1f more than 100 copies of a disc are
rade, the cost per disc is less than the per copy cost
of videotape. (7} Producing an original disc is no
sasy matter. f, for example, an instructor wanted to
{ake advantage of the capacity of the disc and put
54,000 separate color slides on the disc, the slides
would first have to be made or oblained. Then, they
would have to be copied onto a master video tape.
This might cost as much as one dollar per picture.
You don't have to be rmuch of a mathematician to see
that it would cost more than the average instructor
has in the petty cash fund.  This only speaks to the
cost of putting material on the disc. Before this can
even be started, a great deal of planning must be done,
This reguires time, which is simply another way of
saying it costs money. The cost to develop a
typical educationa! videcdisc ranges anywhere from
$50,000 to $200,000. For a good description of the
videodisc development process, you might want to
review a chart prepared by WICAT Systems, and
published in Byte magazine. {9) Even an institution
with & 1arge number of students would find it hard to
justify the per student cost of developing a videodisc.
Although the cost of videodisc hardware has been
dropping, and is expected to continue to drop, the cost
of videodisc development is unlikely to decrease

So far we have only looked at disc production costs.
Before the disc can be merged with a computer to
complete the interactive system, computer assisted
instruction software must be prepared The
literature asserts (and the author’'s experience has
verified), that it takes anywhere from 200 to 500
hours to develop 1 hour of computer assisted
instructed software. {(10) For the equivalent of a
forty-hour course, it costs an average of $200,000 to
develop a complete computer assisted software
package. One of the reasons for this high cost is that
to develop good instructional software, it takes a
team of people including: a content area specialist, a
media expert, someone familiar with learning theory,
a curriculum development specialist, and a
programmer.  The use of higher level authoring
languages can reduce the need for programmers, but
at the expense of using up computer memory and
reducing flexibility in the software,
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The only way likely to make the per student cost of
videodist and software developrment reascnable is to
spread the development costs over significantly large
nurnbers of  students, Thi= means developing
materials that are used in large numbers of
institutions. Before thiz wili happen, instructors
will have to be willing te accept curriculum and
materials developed outside of their own institution,
or materials that have been deveioped through the
afforts of consortiums.

| have had a dream.......

AN ENGINEERING  GRAPHICS  INSTRUCTIONAL
MEDIA DREAM

Ever sinte | saw a videodisc player in action, | have
had a dream. My dream is to have a videodisc with
every audio-visual aid that | can imagine for teaching
engineering graphics, engineering drawing, and
drafting. | would be able to access, within a few
seconds, illustrations for every topic from the
alphabet of lines te welding symbols. | imagine
dozens of color pictures showing different fractionat,
decimai, or metric scale readings from which random
individualized quizzes could be generated. | can gee
pictures illustrating shop processes. Not just a photo
of each machine, but sequences of photos thai show,
step by step, how the machine works. Once you gain a
feel for the potential capacity and applications of
interactive videodisc technology, the head seems to
spin and dance with exciting possibilities for
enhancing instruction. The first problem in having
this drearn come true is the availability of an
engingering graphics disc, and the second is the
availability of the instructioral seftware that uses
the disc. Well, I've gotten impatient with waiting
around untii such a disc is developed. So, | have taken
some smali first steps to begin the development of a
videcdisc that will contain rmaterizis that can be used
to teach engineering graphics, engineering drawing,
and drafting at all leveis from the universily to
junior high schools.

EMGIMEERIMG DESIGN EHHP“IES JournaL 13
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I have formed a company called Microcomputer
Education Systems Inc, and | have started collecting
and developing materials to be used on a generic
graphics disc. Tne materials will primarily be color
stides that, once they are on the disc, can be accessed
in & variety of ways. They could be used as visual
aids In normal classroom presentations, or they could
form the basis for a number of different computer
assisted fnstruction packages. To date, | have
gathered about 2,000 slides. | hope te have enough
materials coliected so that about a year from now |
will have a prototype videodisc to show. At the
morment, | am proceeding with a beer-budget,
one-man, skunk-works, operation. Even so, it is a
start. With a littie good fortune, it is possible that
by the time low-cost interactive videodisc systems
are available, | will fxave the basis for developing
some respectable instructiona: materials, | am
willing to put my time, energy, and resources into
this project because 1 am convinced that interactive
videcdisc  technology will  provide significant
improverments in the delivery of engineering graphics
instruction. Your thoughts and cemmients regarding
this undertaking would be most welcome.
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PUTTING THE ELLIPSE IN PERSPECTIVE

By Charles G. Moore
Northern Arizona University

S5PHIME 1985

| 1M PERSPECTIDE

Wwhen enrolled in a course in engineering
drawing years age, | was impressed with the
ingenious techniques draughtsmen had devised for
drawing curves fo approximate the ellipse. For
examnple, the four-point method resulted in & figure
composed of four circular arcs ang provided a fair
approximation to an ¢llipse. An example of this curve
is shown in figure 1.

If a focus, directrix and the eccentricity are
given, points may be constructed that lie exactly on
the ellipse. After a sufficient number ¢f discrete
points have been located the judicious use of 2 french
curve can produce a pleasing continucus curve which
is still only an approximation %o the ellipse
containing those points.

"1t is ‘possible now" to- purchase  commercially -

prepared plastic templates from which ellipses can
he drawn. Templates of various sizes based upon the
projection of a circle at an angle of 159, 308, 43%, and
602 are common. Templates based upon projections at
other angles are available at greater expense.
Eventually storage becomes a problem and alt one can
do with the ellipse templates is use the one that
comes the nearest to fitting a given situation. It is
sometimes possible to select a template to first
draw an ellipse and then fit the rest of the
technical drawing around it. This process is
unsatisfactory for the draughtsmen or technical
writer because he feels that important properties of
his drawing are dependent upen the template selected

would it not be better if it were possible to
draw exactly the ellipse desired? It is the purpose of
thic paper to present both the mechanical and
mathematical theory for a solution to this problem.

FIGURE 1

A device which wili draw a centinuous ellipse
with any given semi-major and semi-minor axis may
be buitt based upon the trammet concept. The author
{see photograph) is shown with a working model of an
"ellipsicom” of his own design. The sermi-major and
semi-minor axes A and B are set on the sliding arm.
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The axes of the ellipsicom are then atigned
with the axes of the desired ellipse and the
continuous ellipse is then drawn by moving the sliding
arm in its guide grooves. Details of the instrument
are shown in figure 3.

FIGURE 3

in order to state a problem the solution of
which requires both the ellipsicom and some college
mathematics, let us review the basic principles of
two-point perspective drawing.

FOLUME 49 NUMBER 2

Principle 1) Parallel lines in perspective
recede toward a single point on the horizon called a
vanishing point.

Principle 2} The property of being an ellipseis
invariant in perspective.

Principle 3}  The property of tangency is
invariant in perspective.

Problem: Draw in perspective an ellipse

“inscribeg in a rectangte with major and minor axes

parailel to the sides of the rectangle. Figure 4 shows
a rectangle P1P2P3P4 drawn in perspective. Our
problem i3 to construct the required ellipse. The
center of the rectangle in perspective is the point of
intersection of the diagonals. The intersection of the
lines through the center parailel to the sides of the
rectangle with the remaining two sides identifies the
points of tangency T1,T2,73, and T4 of the ellipse
with the rectangle. Our problem is to construct the
ellipse which is tangent to the rectangle at T1,72,T3
and T4.

FIGURE 4

15 ENGINEERING DESIGEN GRAPHICS JOURNHL
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. The work is simplified considerably by the fact
that an easy construction exists for the location of
the center of the required eliipse in perspective. The
construction of the center will be based upon the
theorem from the classical geometry of the ellipse
that states that a line through the intersection of two
tangents to an ellipse and passing through the
midpoint of the chord jecining the two points of
tangency will also pass through the center of the
ellipse. See figure 5.

SPRING 1985

The validity of the theorem may be verified by
considering the construction on a circie and then
projecting the construction at an angle onto a piane.

FIGURE 5

To locate the center, 0, we may draw a line
through Pi and the midpoint of chord T1T4 and a
second line through P2 and the midpoint of chord
T1T2. The center O is shown in figure 5.

By the utilization of Pascal's line and
Brianchon's point [1], more points can be constructed
on the ellipse but they do not enable us io identify the
position and iengths of the major and minor axes of
our inscribed ellipse. To identify these elements we
shall turn to the standard analytic geometry for the
rotation of axes.

If we take the center O to be the origin of a
rectangular coordinate system we know that the
ellipse we wish to construct is symmetric with
respect to the origin and its equation is of the form

(1) axZ+bxyrcy2 = |

We can substitute the coordinates of any three of the
four points T1,72,73 and T4 that lie on the ellipse
into equation (1) yielding three equations in three
unknowns which may be solved by Cramer's rule. A
considerable simplification can be achieved, however,

VP

by drawing one axis through one of the tangent points
and assigning to that point the coordinates {1,0).
Substitution of these values into equation (1) causes
the coefficient a to have the value 1. Consequently, it
wili only be necessary 1o soive two equations in two
unknowns to find the values of coefficients b and ¢. -
Assigning (1,0) to T4 in figure 5, (x1,y1) and (x2,y2)
to points T1 and T2 respectively, and substituting
these in turn in equation (1) we arrive at the
equations

bx]y]*cy]2= 1-x]2

bxzyg*cyzz = l—xz2

Solving by Cramer's rule yields

8= 1001410y (puphy 2

b = (-5 2y, 2 1-x52)y 2

A

C= (1'K22)ng1'{l">€12)?¢2g2

A

ENGINEERING DESIGN GRAPHICS JouRNaL 17



SPRIMNE 198G UE1vME 49 NUMBER 2

We next let  represent the angle through which length of the segment from the center O te the point
the axes must be rotated to eliminate the xy term (1,0 as a natural unit for the problem.  The
causing the axes of the reguired ellipse to be constructions for products, quotients., square roqts of
contained in the axes of a new xy' system. From the line segments and the angle of rotation are reviewed
theory for rotation of axis we know = | arctan b_ in figure 6.

2 a-c
andwitha=1 =1arctan L . Further the
2 f-c

substitutions x =cos x'-sin y' andy = sin= ¥'+Cos
result in the new equation

2y a x‘2+b'y'2 =1

and the longer of A and B yields the semi-major axis
and the shorter the semi-minor axis of the required
@llipse.

where

a‘=c052 +b cos sin +<:51nE

)

.2 ‘
b'=s5in  ~bsin Cog +CCosS

we now let A=_1__ and B=_ and equation (1) takes the
form

{3} Kz . 2 |
2 ')Lz
A B

and the longer A and B yields the semimajor axis and
the shorter the semiminor axis of the required
etlipse.

It is important to note that the computation for
b,c,Aand B involve only the four basic operations and
the extracticn of square roots and are, conseguently,

constructable with Euciidean tools, We may use the

o

1 S 1-¢

b
arctan T-o

n|—

FIGURE 6
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FIGURE 7

Once the rotated axes x" and y' have been drawn
and A and B have been determined and set on the
slider bar of the eltipsicom the continuous ellipse can
be drawn and the required ellipse in perspective is
shown to be constructable. In figure 7 the required
ellipse is shown drawn.in place. . ...

If & situation arises where a true ellipse in
perspective is needed, plastic templates, approximate
metheds of drawing or discrete points joined by a
french curve will be unacceptable and an engineer
with a knowledge of the foregoing principles will be
reguired. The methods described also provide the
caiculus teacher with an application of the standard
techniques of rotation of axes.
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PEDEY

Editor’s Note:

Professor Moore's paper presents a good
treatment ¢f a Tundamentgl problem in graphics: how
to make an ellipse formed by orthogonal projection fit
the world of perspective projection. The method
outlined here approximates  a perspective ellipse
by fitting an orthogona! ellipse within a correctly
constructed enclosing form. Many graphics situations
require that the perspective ellipse {which is not a
symmetrical orthogonal ellipse) be plotted for
accuracy. I'm sure those readers of the EDGJ who

deal with perspective every day will recognize this
limitation.
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GEOMETRIC TOLERANCING IN DESIGN
GRAPHICS EDUCATION FOR THE PRESENT
AND FUTURE

BY
Richard 5. Marrelli
Professor Emeritus of Industrial Education
Los Angeles Pierce Coliege
Woodland Hills, Catifornia

ABSTRACT

This  treatise  advocates  incorporating
instruction in geometric tolerancing in the design
graphics curriculum to accommodate present and
future demand from industry.

Geometric tolerancing is defined, a brief
history is given, and its value in design engineering s
explained. A resume is present of the various
geometric characteristics controlied by the system of
geometric tolerancing and the advantages accrued
from its use. Two examples are given to illustrate
cost savings made possible. The importance of the
subject in design and industrial engineering is
stressed.  Methods of qualifying prospective
instructors are discussed; also the duration and
format of possible courses are investigated and
prerequisites are defined. Al available texts are
listed and briefly reviewed. Finally, information is
given on visual aids and video training programs
avatlable at this time.

DEFINITION

Geometric tolerancing is used in the design and
preduction of manufactured goods. It is the technique
of assigning appropriate permissible error in the
geometric characteristics of an object--the form of
the object and the relationship of its features. In
modern engingering drawing it is necessary to specify
geometric tolerances as well as dimensional
tolerances in order that each part will fit properly
and perform the desired function.
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THE NEED FOR GEOMETRIC TOLERANCING

Before mass production, when the same
workman made both or all parts of an assembly,
proper fits were attained by the individual worker so
the assembly functioned according te the intent of the
designer. With mating parts made in different plants
and by sub-contractors, sometimes overseas, it is
now necessary that the designer’s intent be clearly
delineated on the drawings.

In the more recent past, before the advent of
geometric tolerancing, there was always a question
about the geometric characteristics of an object.
How truly fiat did a surface need to be? How truly
concentric were two cylinders shown on a common
axts? These characteristics were seldom specified
on the drawing, and when they were, usually by local
notes, they were often misinterpreted by
manufacturing and quality control.  Sometimes a
machinist spent too much time achieving precision
that was not necessary and other times adequate
precision was lacking and parts did not fit or function
properly.

Geometric  tolerancing has solved these
problems by providing a standardized precise method
of specifying all geometric characteristics.

the units could be barleycorns or
furlongs and the rules & practices
would be the same

A BRIEF HISTORY

Just before World War 1! at the Royal Torpedo
Factory in Scotland, engineers began to develop 2
system of symbols to convey the design requirements
more precisely to the manufacturing department.
These symbols, with some additions and refinements,
became the basis of our American standard on
geometric tolerancing, which is now a part of a
document of the American Natronal Standards
Instltute {ANSi) entltied i

The latest
edition was formulated in December, 1982, and
started circulation in 1983. It is designated ANSI
Y145M-1982, The "M stands for "metric’. Al the
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units used i this standard are miilimeters, but this
does not impede the use of the standard by
organizations using English inches. In fact, the units
could be barleycorns and furlongs, and the rules and
practices would be the same.

Until 1966 the Federal Government had its own
standard on dimensioning and telerancing which was
known as MIL-STD-8. In that year the then current
ANSI standard was adapted for all design engineering
and manufacturing on Government contracts. The
acceptance of ore standard in this area was a giant
step forward in standardizat ion.

THE VALUE OF GEOMETRIC TOLERANCING IN
INDUSTRY

Geometric tolerancing is useful not only for
precision machinery but for all engineered
manufactured goods, even where there iz no
movement, products such as storage racks and
cabinets--cabinets of large and small appliances and
for electronic equipment. Simple one-piece items
such as barn door handles and door-stop wedges are
very successfully produced without geometric
tolerances.

SPRING 1985

The manufacturing industry is turning to
geornetric tolerancing primarily because it increases
productivity and reduces cost. The advantages may be
suramarized as fotlows:

1. It increases productivity by specifying
maximurm but werkable tolerances, in many
cases permitting manufacturing variation beyond
the tolerance specified on the drawing. And
that reduces cost.

2. it ensures interchangeability of mating parts,

3 It specifically states design requirements
as they relate to function, making pessible
the use of functicnal gages and ensuring proper
fits.

4. |t provides convenience anduniformity in
drawing detineation and interpretation.

5. it ensures effective documented communication
between engineering and manufacturing and
between engineering and quality control, not only
throughout the United States, but, with minor
variations, amang ail industrialized nations.

_'I/Z"" /—2X¢8d:0.|
$lgos @ J4]#]
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Figure 1. A Drilled Plate pimensioned with

Fositional Tolerance
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rejection rates have been lowered
as much as 24%

A RESUME OF GEOMETRIC TOLERANCES

Geometric tolerances are grouped in  Five
categories and thirteen characteristics as listed
below. The symbol preceding each characteristic is
used to specify that characteristic on drawings.

Form Tolerances Profile Tolerances
™ Profiie of aLine
Profile of a
Surface

—— Straightness
7 Flatness

(O circularity

/Q/ Cylindricity

Orientation Tolerances Runout Tolerances

ol Circular Runout
¥ Total Runout

// Parallelism
Perpendicularity
Angularity

Location Tolerances

© concentricity
Position

P iME 49 NUMBER 2

The mest important and most commonly used of
these geometric controls is pesition tolerance, which
is the permissible variation of a feature from its
intended location. A typical application is the
iocation of a number of holes drilled in a plate and
located by coordinates as in Figure 1.

The location tolerance is sxpressed not with
the coordinate dimension but with the hole size
callout, a5 a diametral area, cailed a folerance zone,
centered on the true axis of each hole. In Figure 1 the
tolerance zone is 0.3 mm diameter. An enlarged view
of the tolerance zone for one of the holes is shown in
Figure 2. The actual axis may be anywhere within the
tolerance zone.

A comparisen between a positional tolerance
zone (a circie) and a coordinate tolerance zone (a
sguare) is shown in Figure 3. The positional tolerance
provides 57% greater variation in the actual hole
position with absclute assurance that the drilled
piate will match the mating part.

Parts which formerly would have been rejected

for being out of tolerance are now acceptable,
dimensioned with geometric tolerances.

6mm hole

Intended location
of axis

(true position)

O.Fmm
tolerance zone

(exaggerated )
Actual axis may be
Q‘ﬂywkere within
tolerance zone

Figure 2. Eniarged View of Positional Telerance Zone
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Coordinate

Fositronal

tolerance zone

tolerance zone

Figure 3. Comparison of Positional Telerance Zone with

Corresponding Coordinate Tolerance Zone

Another important cost-saving concept used in
geometric tolerancing is the maximurn material
condition (MMC).  The MMC of a feature is the
condition of size within the prescribed limits where a
feature contains the most mass--the largest
permissible size for a solid feature such as a shaft,

and the smallest permissibie size for a hale or other

hollow feature,

th all situations where parts need to assemble
but a special close fit is not required, both parts are
given positional telerance timits which apply only at
their MMC. when the parts as produced are not at MMC
(not the largest shaft or smallest hele, for example)
additional telerance in a controlled amount is
automatically allowed. The parts will assemble as
easily as if they were at their nominal sizes. In
Figure | the 0.3 tolerance applies only at the MMC of
the holes (smallest diameter, 5.9). This is indicafed
by the circied "M" following the tolerance value. |f
the holes in an actual part should be their largest
permissible diameter (6.1), then an additional
position error of Q.2 is allowed, or a total error of
05s.

Stated for the general case, if a feature
as produced is not at its MMC, it can be mere
out of position and will still fit the mating
part.

Using positional tolerance with the 57% larger
tolerance zone and the MMC concept, rejection rates
have been towered as much as 24%.

INDUSTRY LOOKS TO COLLEGES FOR TRAINING

Geometric tolerancing is now so widely used
that every student looking forward to a career in
design engineering should be thoroughly famitiar with
it. If an engineer is to design machinery and other
manufactured goods, he or she must be able to use
geometric tolerancing technigues effectively.

Many engineering managers complain that
incoming engineers are not adequately trained in
geometric tolerancing. Many companies have
instituted training programs conducted by  an

experienced member of their staff or by an outside -

consultant. They would prefer, however, that local
colleges provide this training.  They feel that
education is the proper responsibility of the schools
and they should be abte to employ fully trained
personnel.

tn the Los Angeles area, four of about 20
community colleges are offering courses, mostly at
night and mostly attended by working professionals
who missed geometric telerancing in their education.

What is needed is to incorporate this subject
into the design graphics curriculum so that all
engineering students who need the training will have
it. This does not apply to engineering schools where
the curriculum s strictly analytical-—not design
oriented. An engineer who devotes his career to
analyzing and researching thermal or vibration
problems or dealing with computer simulations, never
involved with hardware design, has little need for
geometric tolerancing. However, for schools which
offer instruction in machine design or those offering
a major in engineering technoiogy or industrial
engineering, geometric tolerancing is as important as
descriptive geometry or strength of materials.
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EDUCATING THE EDUCATORS

If we are to offer courses in a new subject, we
need qualified instructors. Where do we find them?
How do we train them? Many currently employed
instructors already have the knowledge, especially
those who were drawn from industry. For those who
do not, an after-hours or summer course can be taken
if another school in the vicinity offers it. Seminars
are available throughout the vyear, conducted by
experts who make this their business. There are at
least two private companies offering seminars
nationwide on geometric tolerancing. These are
listed below. Also listed are four outstanding
consultants, individuals who provide the same
training. The companies and consultants present their
seminars in large population centers arcund the
country, and by special arrangernent will conduct a
seminar at any school or industrial firm. Many
engineering schools have sponsored such seminars for
their own people and for nearby coileges and the
industrial community. A typical three-day program
costs $300 to $400 per person.

2ources for Sernjnars

TAD Institute of Cambridge
Course Registration
PO Box 25
Beverly, MA 01915
(617) 927-3555

American Institute for Quality and Reliability
6583 Belbrook
San Jose, CA 95120 -

(408) 268-5700

Lowell W. Foster

3120 East 45th Street

Minneapolis, MN 55406
(612} 722-9115

H. Gary wWhitmire

PO Box 18968

3an Jose, CA 95158
(408) 283-913)

The cost of rumning a course in geometric
tolerancing is low. No expensive egquipment or special
facilities are required. Preérequisites should be twa
semesters of engineering drawing and a course in
manufacturing processes. Descriptive geometry may
be taken concurrently.
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TEXTS AVAILABLE

Not many teaching texts are commercially
available. A summary of those now in print is given
below. They are all softcover, 81/2 x 11 pages size,
and profusely illustrated with Jine drawings. The
prices given at list bookstore prices are 20% less.

GEO-METRICS 11--THE APPLICATION OF GEOMETRIC
TOLERANCING TECHNIQUES (USING CUSTOMARY INCH
SYSTEM ), 310 pp, $18.95

Lowell W. Foster
Addison-Wesley Publishing Co. (617) 944-3700
Reading, MA 01867

Revised 1983 edition contains an 2ddendum
based upon latest ANSI (1982) practices. Mr. Foster
is the leader in this ffeld Excellent handbook for
professional use but not easy to teach from. Does not
contain problems.

GEO-METRICS
Identical to GEO-METRICS |l except that it is metric.

MODERN GEOMETRIC DIMENSIONING AND TOLERANCING,
216 pp, $9.95

Lowell Foster

National Tooling and Machining Association
9300 Livingston Road 24B8-6200
Washingten, DC 20022

Condensation of the author's GEQO-METRICS II.
Good teaching text. Includes a 55-pages  bound-in
workbook. Difficult to remove sheets. Lacks an index.
Answer book avaijable.

APPLIED GEOMETRIC TOLERANCING, 690 pp, $27.50

Samuel J. Levy :

TAD Products Corp. {617) 927-3555
PO Box 25

Beverly, MA 01915

Inciudes a supplement based upon latest ANSI (1982)
practices. Most comprehensive of all. Contains = quiz
after each chapter. Includes seven appendixes on
related topics such as gaging and statistical
tolerancing.  Lacks an index. Too complicated.
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GECMETRIC AND POSITIONAL TOLERANCING--A
REFERENCE BOOK, 96pp, $11.50

Aubrey N. Yuen
TAD Products Corp. (See address above)

A how-to approach, designed as a self-teaching text.
Contains a bound-in workbook with answers. Does not
treat all topics of the subject. Based on the 1973
standard. Overpriced.

GEOMETRIC DIMENSIONING AND TOLERANCING
SIMPLIFIED, 305 pp, $2475

H. Gary Whitmire and James Swarthout, 305 pp.
$24.75 _
TAD Products Corp. (See address above.)

Designed as a teaching text and reference. Includes
three sections of "workshop” problems with analysis
of the correct answers. Overpriced.

GEOMETRIC TOLERANCING--A TEXT-WORKEOOK, 244
PP, $8.00

Richard 5. Marrelli

Glencoe Publishing Co. (818) 990-3080
17337 Ventura Blvd.

Encino, CAS1316

Designed as a teaching text. inciudes  a bound-in
workbook with perforated pages. Instructor's manual
available giving course outlines, teaching strategies,
tests, and a final examination.

AMERICAN NATIONAL STANDARD, ENGINEERING
DRAWINGS AND  RELATED DOCUMENTATION--
DIMENSIONING AND TOLERANCING, 150 pp, $20.00

Authored by:

American Society of Mechanicat Engineers
Society of Automotive Engineers
American National Standards Institute
Published by:

American Seciety of Mechanical Engineers
Distributed by:

American National Standards institute
1430 Broadway

New York, NY 10018

The New Testament according to ANSL. A necessary
reference for instructors; optional for students.

SPRING 1985
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Cormplete training programs on color video cassettes
are available from two sources listed betow.

National Tooling and Machining Association
(See address above.)

The author and lecturer is Lowell W. Foster. Two
programs are of fered, beth accompanied by printed
study guides, review problems, and a final
examination.

Program D10C; 14 cassettes, about an hour each,
$4900 purchase price, $2100 to rent for 12 weeks.

Program TD10: Eight cassettes of about half-hour
each, purchase price $2800 (not rented).

TAT Products Corp. (See address above.)
The authors and lecturers are H. Gary Whitmire and

James Swarthout. Contains 12 cassettes which vary
from a half-hour to an hour, purchase price $3475,

. 30-day rental 3900

A training program on 33 mm slides is available from:

Lowell W, Foster Associates, Inc,
S 612y 722-9¥15

3120 East 45th Street

Minneapolis, MN 55406

Covers the subject thoroughly, containing enocugh
material for a S0-hour course. Available in either
inch or millimeter units at $§800. ‘

Full-size modets of machine parts iliustrating
geometric characteristics are available from two
SouTCes,

TAD Products Corp. (See address above.)

Catalog No. 91-5014 Two models $25.00

This company also supplies a number of other aids,
such as 8 1/2 x 11 guick-reference guides, a wail
chart, and several slide-rule-type calculators.
South-Western Publishing Co.

St01 Madison Road

Cincinnati, OH 45227

PHOTO-DRAFT MODULES Set of six $63.60, including

shipping. Menufactured by Omar Products, Inc,,
Barrington, IL
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SUMMARY

Geometric tolerancing is a valuable tool which
is increasing productivity and regucing costs in
design and manufacturing. 1ts use is growing at a
rapid rate, and there is an increasing demand for
design engineers and technologists who have this
knowledge. ttis incumbent upon our higher technical
education system to provide this training-—for the
‘present and for the future.

@EDGJ

~— La— Cylindrical tolerance zone {(Equal to positional tolerance)
/— Axfs of hole at true position
v —=| }— Extreme positional variation
o i t—Extreme angular
&0 v ‘_( 90° variation
y y . \ ” I — Primary
= v datuem
ZEEF /] 4
B A 1L
-t 1
\.l.—’ . .2
Axis of hole
Auxis of hele =
-True position axes
- Minimum hole '
diameter
Axis of hole is Axis of hole is located Axis of hole is
coincident with at extreme position to inclined to extreme
true position axis the ieft of true position posttion within
axis {but within toler- tolerance zone
ance zona)

(@) (b} {c)

Note that the length of the tolerance zone is equal tc the length of the
feature, unless otherwise specified on the drawing.
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COMPUTER AIDED DESIGN AND DRAWING
OF SAFETY FLANGE COUPLING

By

J. 5 Duggal and ML Bourque
Texas A&HM University

INTRODUCTION

Safety flange couplings are designed to connect
the ends of two shafts in order that they can act as
one continuous member.  In most applications a
standard flange coupling available cammerctally coutd
be used if there are no restrictions on the
reguirements of space. The conventional methed of
desinning the coupling is to make design calculations
to fing the sizes of various parts and then ask a
draftsperson to draw it out The design engineser then
checks the final design in relation te other moving
and stationary members of the machine for any
possible interference. Location of a flange coupling
may impese certain conditions with respect to size of
the coupling itseif. AL times one might need z

—{ HUB.L j—
FL.TH f—
BHE
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relatively wider coupling because of iess verticai
space. Alse, there may be another situation where
vertical space is plentiful and width is restricted; in
that case a relatively higher coupling may be required.

design and draw machine
members using existing
subroutines

The designer may also want a tighter and bulkier
coupling as cppesed to one that is heavier and
cormpact. This would mean that the designer needs to
look into various feasible designs of fiange couplings
using different materials for a given load and shaft
size. This can be accomplished faster using a
computer  In the following pages a generalized
flange coupling design and drawing computer progran
ig introduced. The computer program will assist the
designer to expediticusty lock into many possibilities
of connecting the two shafts. The designer can then
selact the design which would meet the space,
weight, and volume reguirements.

. i)
— .35
_x
x5
FL TH
2 BHE + BOLT.D
FL.TH - Flange Thickness HUB.D - Hub Diameter
HUB,L ~ Hub length SH.D - Shaft Diameter
BHE - Bolt Head Extension BOLT.D - Bolt Diameter
Figure 1
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The program described here is written to
design and draw flange couplings, as shown in Figure
I, for connecting colinear shafts ranging from
one-half inch to twelve and one-half inches in
diameter. The inputs to the program are ultimate
tensile strength of bolt and flange materials, the
maximum torgue to which the shafts are subjected,
and the diameter of the shaft. The ouiputs are the
number of Lolis and their diameter, the hub and boit
circle diameters, thickness of the flange, length of
the hub, and the length and thickness of the key. In
addition tc design calculations, a subroutine also
provides a scale drawing of the coupling.

DESIGN CONSIDERATIONS

The fallowing configurations and assumptions
are made in design of flange coupling as discussed in
this paper:

I, Bolt diameter and hole diameter should
normally have a running and sliding fit. This
will allow for variations in matching the
holes with the boits. This would also cause
the flange of the flange coupling, when in
use, to bear on some of the bolits only,
resulting in these bolts resisting the shear
force while others do not. Hence it is
assumed that the number of belts acting to
be cne-half of the total number of bolts in
the coupiing.

2. The hub diameter by rule of thumb is taken as
two times the diameter of the shaft.

3. There must be sufficient clearance between
the Tip and the hub to allow for the use of a
socket wrench in tightening the belts. This
clearance and the design dimensions are
also shown in Figure 1.

4. Length of the hub will determine the size of
the key to be used.

5. Factor of safety can be inputed by the user.
A factor of safety of three is recemmended .

28 ENGINEERING DESIGN GRAPHICS JOURNAL
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IMPORTANT DESIGN FORMULAE

Following are major formulae which have been
used in the computer program. Corresponding line
numbers for these formutae, in the program, are also
gpecified.

{a) Line 255 - Number of bolts required
N = 8 % SFRC  emee- (1
Pl % {((BOLTD}A 2) * BSS

Where:

N = Number of boits

SFBC - Force exerted at the bolt circle
Pi - The constant

BOLT.D - Bolt diameter

855 = Design shear stress for bolt.

(b  Line 275 - Fiange thickness for bearing
failure

FLT = 2_% SFBC R (2)
NBOLT® * BOLTD * FES

where:

FLT = Flange thickness

SFBC = Force exerted at the bolt ¢ircle
NBOLT% = Number of bolts

BOLT.D = Bolt diameter

FBS = Design bearing stress for flanges.

(c} Line 285 - Flange thickness for shear
failure

FLT = FNSHEAR
Pl ®BOLT.D * FS5

Where:

FLT = Flange thickness

FNSHEAR = Force exerted at the outer
surface of the hub

Pl = The constant

BGLT.D = Bolt diameter

F35 = Design shear stress value for
flange.
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(¢)  Line 355 - Hub Jength for bearing flange.

HUB.L = 2 % FNSHEAR
FLTH * FBS

where:

HUB.L = Hub length

FNSHEAR = Force at the cireumference of
the shaft

FL.TH = Flange thickness

FBS = Design bearing siress for flange.

THE COMPUTER PROGRAM

The program described in Appendix 1{a), i(b),
1(¢), ang 1(d) is written in Microsoft Basic (MBASIC)
in conjunction with Contrelled Pregram  for
Microprocessors (CP/M)) operating system.  The
algerithm used to design and draw the flange coupling
have the following features:

1. Prints instructions and jimitations.

2. Prints commenty used materiais for flange

coupling design and thetr tensile strengths.

3. Designer inputs ultimate stress values for
flange and bolt material.

Computes design stress values in shear and

in bearing by dividing the ultimate stress

value by factor of safety. . '

5. Designer inputs the shaft diameter and
torgue value. '

. Designer inputs the diameter of the bolt.
. Computers number of bolts using eguation
(.

8. Computes minimum flange thickness
considering bearing and shearing in flange
using equations (Z) and (3).

9. Designer inputs key thickness for the given
shaft size.

10. Computes hub length using equation (4),

11. Prints the design dimensions.

12, Sets scale for ten inches by seven inches
screen.

13. Read coefficients from files for plotting
function.

14, Plots the designed flange coupling.

o

~1 O

To save memory space it was necessary to use
sequential and random access files to print out
instructions, stress vaiue tables, and to read in bolt
specifications and graphic point ceefficients. The use
of files reduced the complexity of subroutines and
turn-over time.

SPRING 1985
THE PLOTTING ROUTINE

In plotting the designed flange coupling two
generic equations were used. One set of x and y plot
values are read on each iteration from PNT.DAT file.

The PNT.DAT file is organized in the following
manner:

1. Number of Data dets
2. Data Set #1
A,B,C.D,EF.G, - Coefficients for X-Plot
HIJKLMN,Z, - Coefficients for Y-Plot
3. Data Set *2-——-Data Set #3---etc.

The user defined functicns incorporated in lines
£005 and 6010 are used in plotting the front half
sectfional view of flange coupling. The side view is

drawn using standard circle, polygon and boif circle
subroutines.

CONCLUSIONS AND RECOMMENDATIONS

with the development of basic subroutines such

"as rectangle, circle, polygon etc., for most computer

systems, it is now possible to use these routines in a
CAD system. In this paper a flange coupling design is
taken as an example. Many more maching members
could be designed and drawn simultaneously using the
existing subroutines. A plot of a typical fiange
coupling design is shown in Figure 2.

The plot has not incorporated section lines for
the sectional front view. Also it must be noted that
the drawing is not dimensioned. Those extra features
to the plot could be added with additional
pregramming.
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ENGINEERING DESIGN GRAPHICS JOURNAL 29



SPRING 1985 PRLiUME 49 NOMBER 2

1@ REm -FLANG= COUPLING DESYIGN-

iZ REM
1T REM M.l. Bourcue & J.5. Dungal
£ REM July 1584
42 REM
45 REM Contral varibies & functioms
5@&  REM REM —————m——
3] DEF FNSHEAR {TORRUZ, RADIUS) =TORQUE/RADIUS: REM] Shear funl
B5 SMOONS=CHRF (2@) 18MODFF#=CHR%${21) : REM! Berall 1
7 H=CHR$ (1) :REVOFF$=CHR% (2): REM] Vidio revl
75 HYDNS=CHRS (L 8) sHYDFF®=CHR%$ (19) ¢ HEMI Hybrid i
az CURSONE=CHAS (24) 1 CURSOFF$=CHR$ (2T) ; REMI Cursar 1
85 SCONS=CHRS (Z28) 1 8COFF$=CHIE (29} : REM| Scraan 1
T CLEANS=CHAS (4) tBELL$=CHR& (7) : REMi Mime. 1
== Pi=axRTN(L) 2 REM —————mm—
= DEF FNCURSORS (YLINEX, XLINE®)= {CHR® (27) +CHR® (61) +CHR% (XLINER+31
CHRS (YLINE®+3IZ) )
100 REM |
125 PRINT HYONS:GORUE S@0dé: PRINT SCOFFe
i@ OPEN™R", 1, "WARNING"
FIELD 1 RS WARM$:DRINT TAR(I): REM —————————
FOR FiLi%=i 70 LOF(id; REMI Structre |
GET 1, FLI%ArCF=WARNS: REMI to print |
PRINT C$:PRINT TAB(F) 51 REMI warning |
REM —————————m
SCUNS$ s CURSDFF$ s FNCURSORS (27, 2@) 3 "HIT (CR} TO CONTINUE"
TO ZtARINT BELLSINEXT FLE%: REM Ring bell
INPLT M, DUMMY
OPEN "R 3, "STIESSY:FIELD 2,30 RS STRERSS®
ARINT SCOFF#:605UB S@20: PRINT REVONS:PRINT
FOR FLas=! TO LOS(2): REM ——————————
GET ©,FL4%: REMI Structye |
FL4r8 THEN PAINT FNCURSORS (49, FLA%~4) 5z REM| to orint |
CE=0TRESES: PRIMT C: REMi strass 1
NEXT FLA%: RE#|  wvaluwes |
CLOSZ:PRINT REVMOFF$: SCONG :FNCURSORS (1S, 15) &2 REM ——— e
192 REM Bepin varible marioviations and calcoulations I
193 RZM
195 INPUT"Piease give the ultimate stress for flarpe material ",FL.STR
pivie] FES=FL.BTR/3:FS5=FL.. BTR/BPRINT TRAB(IE};:" Tactor of safety = 3
=g INPUT"What i€ the ultimate gtress vaiue for bolt material ", BLLT.8TR
zZla BES=ELT. STR/Z:EES=BLT. STR/6:RPRINT TRE(1&6) 12} shear = ultimate/6
=4 = INPUT"Please give diameter of ghaft {(in.) ", BR.D:FRINT TRE(16&};
zza INPUT"What is the maximun torcue exerted om shaft ° ", TORZUE
b=t DREN "I, 83, "ROLT: ] —
@ WHILE NEOLT®Y8 DR NEOLT®=@: REM| Loop to |
INPUT #3,BOLT.D, BHE:' Eolt Head Extensicn REMI ocet bolt |
HUR. =54, D*Z. S:HUE. R=HUB. D/2: REM| & lip szel
o] BOLTC. R=BEHE+HUR. R+. 35+B0LT. D/ &2 REMI fimd dep. |
250 SFRC=FNSHEAR (TORQUE, ROLTC. ®) ¢ REM] variblae i
b1+ MN=(B#5FRC) / {PI* (BOLY. D2 #BSS) : REMi values . |
eal IF N(=8 THEN NBDLT%=8: REM ——————
= 1= N{=t THEN NBOLT
2E5 IF m{=4 THEN NEOL
Picys IF N8 THEN NBOLT%
@7e WEND : CLOSE #3: REM ——m——m————
5 Fi T=2#SFHC/NBOLT®*ROLT, D*FBES:Y For bearing in flarge REM| Calculatel
@ TMAX=FLT: REM! maximum |
5 SLT FNSHEQH(TGRUUE,HUE.R)/(DI*EDLT.D*FSE)=’ Shearing REMI flange [}
[ THEN FiL., TH=FIX{FLT): REMI thickress|
bl (S5/8) THEM FL.TH=(5/8): REM] reguivred |
@ (1/8) TAEWN FL. TH={1/2): REM =————me—m—e
CIR¥BOLT. DY THEN FL.TH=(2#BOLT.D):? See guidelines
IF SD{=S+(7/8) THEN HT=1.75: HEM = s
THEN K7=1.5:1IF SD{=5.5 THEN KT=1.,23: REM! Get A.E.AI

BN KT=1:IF SD(= 3,78 THEN KT=(7/8)¢ REM1 key thicki
25 THEN KT={Z/4):IF BD{=2.73 THEN RT={5/8)1: REMI ness rel-|
7S THEN KT=,5:IF 8D(=1+3/8 THEN RT=(5/16): REM] ative to |
I7 Sh{=1.25 THIN KT=.23:1F 5D{=(7/8)THEN HT=(3/16): REMiI giamtr ofi

1F SDy 2.3 OR SDH.T THEM PRINT CLEANS;:GOSUER S@1%:=ND:  REM] shaft . |
B SWAP KT.HKEY. T3 REM ——————————
S*ENSHEAR(TORQUE, SH. D/E) ) A {FL. TH*FES) & REM ——
SUSUE S@@B@: ARINT sPRINT TAR(ZZ2)Y1: REME Print cut]
ARINT REVONE:" DEGCRIPTION FOR FLANGE COUPLING “3:r  HEMI couplivg |
HRINT AEVOSF$:ARINT i ARINT TABR(28) 3: REMI desgriotni
PRI 'NUMBER OF BOLY =" yNBOLT®:PRINT TAR(28)

H REM| NEOLT# I
H REM] BOLT.D

PRI —" 3 BOLT. D PRINT TQB(EB);
PRINTYHUE DIAMETER—————-":HUB. D:PRINT TAD(ZB)y: REM}| HUBE.D
PRINT"EOLT CICLE DIA———"gHOLTC. R¥Z:PRINT TAB(28) 31 REM| BOLTC. R

N
[
[
PRINT"F_ANGE THICHKNESS— e THIPRINT TRE(28) REMi FL.TH i
f
i
v

'BDLT DIAMETER —

DQIVT"%UE LENETH

FAUR. L PRINT TAE(28) AEM| HUB.L
—" s KEY. TEPRINT TAB(28) REM! HKEY.T
sAUR. i PRINT TAR{EB) 52 REM| HUB.L
CURGOR® (27, 19) s "TYPE *RRL* TO PLOT"
FRCURBORS{ ,JW)-EJRSDF”$ THIT (CR) 7O CONTINUE": AEM ——— e
, DUMFY 2 I5 DUMMY (3@ THEN B.0UT 1GOSLE S@ad

ol LB R:EOSUR 608 : SWAP HUR.D, HUR. R
Tadg s 50
FAINT SCONS
433 =X
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aeadint BAY

rNEU?'E£$(1.1).SEUrP$ CLEANS ;STRINGE (75, ASC( -1 ) 1 SCOFF$

TRE{ZT) ; REVONS: CELANBE DOUPLING DES¢G\"-RﬁVDFr$;:R;|URN

d Error SuD
ShLa PRINT FRCURBDR$ (17,5} jREVONS ;CURSOFF$; "Bhaft diameter excesds the Tim"g
ftratedn] BRINT "1ts of this orogram" REVOFF$;CURSBOFF$: RETURN
o2zS /=M Chnar oosition sub
=lri CHAR, Y=CHAR, ¥—. 2:0HAR. X=. 3:CHAR. H=. 1 s RETURN
FEEE
BI95 HEM Bection sub b
5945 A
) dniy GPEN "I1%, %1, "PNT.DAT s INPUT #1,5I6%
LA o FRDNT(Q B,Cy D, E,F, 5, BF) =A% X P+ (B#FL. TH+CHHUE, L+D#EHE+EXEOLT. D+F#MHUR. D

+EHEH, D) #5F
S DIF FNPNTY (R, 1,0, Ay Ly My Ny 2y BF) =H#YP+ (TRFLL TH+I®HUB, L+{SBHE+L*BOLT, D+
L H.D+Z*.35)*SF

REM e mm e
REM§ !
Fks % (L ?+HGL|.D+E*E%E+FL TH+ (HUE. D/2) ) : REM! Srale ¥
FEHUR. Lt REM| facter |
FLD (=5 8ND FLW (=8 THEM BO70 6@45: REM] i
REM wewvimm—mm e
b@qn AL IP%=3:E0OSUR 5009
i £R55 SOR FlLgd=: TO Bib%: [ o S —
; ERBT INBUTH2, Ay B, Cy Dy E, 5y B1 REMI Read in i
: FRBS A TNP\T(Q<B 0 T S e 0 REM| peneric
' 5072 I?\'DUT.ﬂl,H,I,J,H,L,M,M : REM: coeffi- |
; La7s YP=ENPNTY {Hy Iy JoHy Ly, Ny Z, BF ) ¢ REM! rients & |
el INBLTH#L, P EF P 3 THbN 19&— ELEE IPR%=P: REM| pilot out.!
B IF FiLE%=19 THIN YPs=YP+-UE. DeSF e REM —emm——————
[=trastn] IF Fig%k=6 OR FLEY=Z2F THEN XR=XP+BHE*SF
[Sais) GSUER 9@@@
RiCA 2 Fu&uiCLOSE =
E1GS A-FUB. LASF Y O=1+ (, THEREHE+BOLT, B+FL. TH+HUEB. D+BH. D/2 ) ¥5F 1 IP%=Z;

GOSUR F0e0
eliut FOR FL7%=E T0O TaXX=XP:
F XO=XX+ (8F% ( {~1) “FL7%) ) s ¥YP=YP— (SH. D/E)%5F s [ P%=2:G08UE 5202
T XP=@rYO=@: [ PR=3: GOEUR 5008

G P IB%=2:G0SUR D@@2:XP=12: Ip%=2: 505U 9000:YP=
£l aDSJE DU D=y [ PR=2:BOSUE 002 : IP%=3: 508U @0
6135 A=N -—
. Si6R REM iabeling sub §
; 5145 REV -~
' o455 CHAM. X=. 5:CHAR. ¥Y=E6;: CHAR. K= 1t REM -
LS00 USING"+STRS {NBDLTH#) +" BOLTE" sBOSUE 930:1:GDEUE 5038:'1 Plot out |
Tl BOLT DIAR="+5TRs (BOLT. D) :G0BUE 2301:GOSUR Sa30: REMI descrip— |
FELE AUB DIR="+57R${HAUE. D) 1BOSUR B3@01:GOSUR D@30 REm | tiom |
8215 FUL CIRCLE"+ETRE(BOLTE, R* GOBUR S301:G0GUR S@3d;! ——m——————
etedal NESS="+8TR$ (5L, TH) :GOSUE 9321 :6GO0SUR S020:
220 SS="+STR$ (KEY. T) :GDSUER 33@1:GOSUR Ta30:
.w3 =S uFHE—”+5FR$lﬁUE.-) : GOSUER 92381 :608UR 5238
£ 209 : CHAR. X=6, 52 CHA. Y=, 353 DHARS="SCALE : "+STR% (5F)

AF="FLANGE COUPLIN

o 0]

&394 Ak
£995 REM’ Baltoirele sub T
£3T6 AEM
- L Jrdr] R {2%BHE +HUE, D/ 3+, 7+E0OLT. D+Fi. TH) #5F : XCTR=SF#*HUR. L+4+R: YCTR=R+1 ; BOBUR 7@
N 55
: 7Ra% XE=5F*HUB, L+4+R:¥YC=1+R
TRlE FOR FLAR=1 "0 NEOLTH: REM ——
TT XCTR=XC+ (HOUTE. R¥COS{S#PI¥FLA%/NBOLTKY ) #8F ¢ REMi This sub |
TRSE YCTR=YC+ (BOLTC., ReSIN (EZ¥BI*FLEL/ NBOLTH) ) #5F 5 REMI| comtrals !
725 NOSIDES=E: A= (ROLT. D/E+RHE) 5F :6GOSUR 71252 REM1 wvaribles |
TEIR BOLT. D/8) #8F 105U 7@552? Cirsuz for bolt REM1 for boltel
IS NEXT Fifx: REM —————————
74 R=8k. D*5F /&2 ACTR=XC:YCTR=YC: GOBUR 7@355:° For shaft
Ta&L = (BOLTLC. R) *GF
R4z R=(HUE. D/2 %57 1 B05UE 7055 : R=(HUR. D/&+. 7+2*BHE+ROLT. D) #8F ; BOSUR 7@55
; 7045 RETURN
- 750 REM Circle subd
)it =F X {Z*PI*R/. 1)1 IF ABB{RY (.3 THEN N=22: RER woomm——————
7aeH DUMMY=360/M: REMI This sub-1
== FO] FL9%=@ TO 361 SBTEP DUMMY: REM| routive
R 7R7@ XO=XCTR+R¥(COG(FLI%*. A1745) ) 2 REM| draws cirl
- 7a7S YR=YOTR+AA# (SIN(FLO%*®, Q17453 ) ¢ REM] cles. Thel
H FR&EH IF FLI#=0 THEN IP%=3 ELBE IPu*=2i REM] .@1745 = |
: 7885 BOSUR YRR REM| pistg@ . I
el NEXT FL9%:IP%=3:G05UE 50098; REM ~—————————
T35 RETURN
@@ ReEM Palypor sub
7125 DUMMY=ZE@VEIX (NOSIDES) s IF ABSIR) (.5 THEN N=2@: REM =————m————
7iia FOR FLI@¥%=@ 7O 361 STEP DUMMY: REM] Subrautnel
7115 XP=XCTR+ (R* (COS(FL.1@%%. A1745) )} 2 REM| to draw I
7lae YP=YOUTR+ (R&{SIN(F| 1@8%%*. @1?45))): RE¥| peneral I
7ie3 IF FL1B®=2 THEN IP%=3 ELSE IP¥=d: REMI polymons. |
138 BOSUR F00@: REM —————————
7135 MEXT FLigW:IP%=3:60SUE S0@a
Fi48 RETURN

FR@E@ Y MorthStar ADVANTAGE L.INE PLOTTING SUBROUTINE % SYSPLOT.BAE %#kREV-3/&R/A4L
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USING @ BOLTS

8oLT DIAx .75

HWUB DIp= §

BOLY CIRCLE 8,625
FLANGE THICEHESSw 2
KEY THICENESSw , 623
HUB 3 KEY LENGTHSw= €

FLANGE COUPLING DESIGN

i

SCRALE: .24

Figufe 2

32 ENGINEERING DESIGN BRAFPHILS JOURNEL

@ENGY



UOLUME 49 NUMBER 2

GRAPHICS FOR FINITE ELEMENT
ANALYSIS

BY

Josann Duane and Mike Khonsari
Department of Engineering Graphics
The Ohio State University
£olumbus, Ohio

In the past decade, the Engineering Graphics
Faculty at The Ohio State University has been
incorporating computer-based graphics in engineering
courses from freshman Lo graduate ievel. This paper
describes the content of a graduate fevel course we
taught in Summer 1984 ¢n the fundamentals of
graphics for finite eiement analysis. The course
covers graphics for three distinct steps in finite
element analysis: geometry modeling, mesh
generation for numerical analysis, and results
evaluation. Both the fundamentals of each of these
aspects of graphics for finite element analysis and
applications in engineering practice are presented.
This paper addresses probiems encounfersd in
nhonuniformity of the student's background, evaluates
means of achieving a balance between fundamental
concepts and use of commercial codes, and presents
facuity and student evaiuation of the first offering of
the course. This course azdds the research and
anzlysis aspect of engineering graphics to &
curriculum that now primarily presents engineering
graphics as a togi for design and documentation,

INTRODUCTION

Before the widespread application of high speed
digital computers to engineering probiems, graphics
had limited use in analysis because of lack of precise
hand methods. Now interactive computer graphics is
commonly used in a diverse range of industrial
appiications to aid engineers in  formulating
anaiytical models and in results evaluation. To bring
graphicai anaiysis methods commoniyusedinindustrial
research and development to our engineering
curriculum, we teach the use of graphics as a tool for
engineering analysis in  courses ranging from
introductory undergraduate level Lo graduate jevel
(2,9} In teaching graphics for engineering analysis,
the theoretical bases for three distinct applications
of this subject (image analysis, geometric analysis,
and interactive graphics) are developed,  The

SPRING 1985

application to engineering problems is presented by
demonstrating the following 1. Image analysis
forms the basis for interpretation of remote sensing
signals from satellites. 2. Geometric analysis using
selid modeling is effective in evaluating the
interreiation of parts in complex mechanical
assemblies. 3. Interactive graphics makes possibie
creation and evaluation of geometrically complex
models using the finite element method.

In Summer 1084, we faught a course which
focused on the one aspect of graphics for engineering
analysis:  the interactive computer graphics to
support finite element analysis. The rationale for
developing the course, the course content, and the
faculty and student evaluation of the course comprise
this paper.
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FIGURE 1. Geometry of pipe cross—section
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THE FINITE ELEMENT METHOD

Finite element anzlysis is a numerical method
that can be applied to problems which are formuiated
by a set of partial differential equations and beungary
conditions that uniquely describe the interaction
between materiat and fields. (3). Since the behavior
of most engineering systems can be formulated in
this way, the finite element mathod is applicable to a
wide variety of engineering problems. Before the
widespread use of high speed digital computers,
however, engineers found few applications for this
theory because: 1. exiensive computational power is
reguired te generate numerical solutions, and 2. most
engingers are unable to formulate and evaluate finite
element modeis without the aid of interactive
computer graphics,

The finite element method initially was used
for structural analysis of air and spacecraft but
since then, it haz found application in analysis of
radiative heat transfer, fluid dynamics and field
theory. Finite element analysis is a method where
geomnetrically complex problems are broken down inio
an assembly of simple problems by creating a mesh of
alements.  Solutions found for each element are
forced to match at z finite number of points catled
nodes.

FIGURE 2. Finite element mesh
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Normalized Strain, Df
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Numerical results from finite element analyses
zre comparable to those generated by analytical
solutions. For example, a closed form selution can be
obtained for stress on buried pipe resulting from soil
gravity load if these simplifying assumptions are
made: the pipe is infinftely long, and the surrounding
soil is uniform and elastic (10). Although few pipe
instailations meet these reguirements, the fellowing
illustrates the use of the finite element method and
shows that poth the closed form soiution and the
numerical solution to this problem yield nearly the
samne resulf. Figure 1 shows the cross section of pipe
buried in the ground. In this case, since the length of
the pipe is assumed to be many times its diameter,
strain aleng the axis is negligible and the probiem is
reduced to two-dimensional plain strain analysis.
Nodes are present at each corner of the quadrilateral
s0ii elements and at the ends of the beam elements
used to represent the pipe. MNote that the elements
are nonuniform and more elements are placed where
the analyst expects stress concentrations to be high
Figure 3 shows strain in the pipe as it varies around
the circumference of the pipe. This variation is found
to be nearly identical to thal from closed form
solutions. As more or higher order elements are
added to the problem, the analytical and numerical
solutions converge.

-5 . ] |
Springline 45

Position on Pipe

Invert

FIGURE 3. Closed form analytical solution
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GRAPHICS IMPORTANCE TG FINITE
ELEMENT ANALYSIS

Most practical engineering problems cannot be
reduced to the simple twg-dimensiona! problem
presented above. In these cases, full utilization of —_—
the finite element method requires interactive : N
graphics to aid in visualizing each segment of the .
analysis process:  geometric moedeling, numerical .,
analysis and results evaluation. Figure 5 shows a .
geometric model of a gear generated interactively
using the General Electric {-DEAS package (5, 6, ;7, 8). _

The geometric model is created by rotating the gear

cross~-section shown in Figure 4. Figure 6 shows the _ il
mesh of elements that is generated by 1-DEAS> once
the analyst creates the geometric model. Without
interactive graphics, engineers find it extremely
tedious to input the npda! coordinates and eiement
connectivity which define the three-dimensiona!
mesh required for finite element analysis. Using hand
methods, mesh generation for analysis of stress
generated as a result of ‘torque applied to the gear
shown in Figure 5 requires four to five hours. With
interactive graphics this mesh generation can be done
inminutes.

FIGURE 4. Gear cross-section

FIGURE 5. GEOMOD model from cross-section
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Figure 6 shows how graphics can be used to
interactively apply beundary condifions. Forces and
constraints applied to the nodes are displayed using
cotored arrows.  After boundary conditions are
applied, the analyst uses 1-DEAS to prepare a finite
eiement data file for batch processing by one of many
general purpose finite element codes. The gear
subject to an applied torque shown in Figures 4
through 9 was analyzed using SUPERB (6},

DOLUME 49 NUMBER 2

FIGURE 6. Applied torque and houndary constraints

The resuit of finite element analysis of the
gear is a tabulation of dispiacements for each of the
nodes, and a tabulation of stresses occurring in the
elernentis. Before interactive graphics became
available, the amalyst had to interpret a two-inch
thick computer printeut of numerical resulis.
Graphical interpretation required hand plots or batch
process computer piotting. Figure 7 shows a piot of
exaggerated distorted geometry of the gear resulting
from the applied torque. Figure 8 shows von Mises
stress contours on the surface of the gear. Figure 9

3D ENGINEERING DESIGN GRAPHICS JOURNAL

shows von Mises stress contours on a cross section
through the interior of the gear. These plots are done
interactively and displayed in celor. The analyst can
change display parameters such as magnification or
viewing angle interactively then imedijately
redispiay results. Thus, interactive graphics also
provides immediate feed-back on the correctness of
the solution and zids the designer to improve the
results by making necessary medifications to the
finite element model.
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FIGURE 7. Exaggerated distorted geometry

FIGURE 8. Von Mises stress contours
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COURSE CONTENT

Civil, mechanical and engineering machanics
graduata students enrolled in the cowrse we offered
on graphics for finite etement analysis. Students
came to the course with a background in numerical
mathods and FORTRAN programming. This background
included an understanding of the fundasmentsls of
numerical analysis particularly the finite element
method.

The couwrse presented the fundamentals and
enginearing appiications of interactive programming,
graphics programming and the finjte element method.
Resdings form Fundamentals of Interactive Computer
Graphics by Foley and Yan Dam (4) were used to
augment lectures and Isborstory exercises on
interactive graphics.

In the first part of the course the stutdents
were introduced to the fundamentals of wriling
interactive progrems.  They learned how to write
software  for renu  driven interaction, creale
appropriate commands to provide feedback to the user
and generate code to trap both input  and
camputstionsl errors. Students incorporated graphics

in their interactive programs by using Teklronix:

PLOTIO FORTRAN addressable graphics primitives.

POLUME 49 NUMBER 2

Mext we presented design of the basic
companents of graphic systems ond discussed the
differences between rasier and vector graphic
systems thal the students used in the lsboratory
seclion of the course. Students ran graphics
sppications  programs on  storage  tube vector
fTektronix  40i4), refresh vector (Evans sand
Sutherisnd PS300), and raster color (Tekironix 4105
and Lexidata 2410) terminasls linked to three YAY
117730 computers in our Jab. Some lerminais in the
1ab stch as the Lexidets and the Evans and Sutheriand
have microprocessors  that provide stend  alone
graphics capabilities.

After the student gained some experience in
writing simple graphics epplicaetion programs and
using a wvariety of grsphies terminals end input
device, we returned 1o the basics.  Teaching of
principles  behind picture  generation included a
discussion of Bresenham's (1) algerithm for raster
line generation, color leookup tables aoperation,
graphics data file organization and reaiistic image
generation.  ‘With an undersiending of the basics,
students no longer found viewing operations such as
zooming and rotation to be computer magic.

In teaching the finite element method, it was
assumed that students hed some prior exparience
with the method. We reviewed the fundamentals and
explained the imporiance of graphics to the effective
impterentation of this methed. Evaluation of the
advaniages of uwsing genersl purppze coramercial
finite element codes such as SUPERE (6) snd MARC
{11, 12) versus writing epecial purpose codes ted to
several lively class discuseions.

FIGURE 9. VonMises stress contours on cross-section
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Because sclid modeling has greatly enhanced
graphics potential as an aid to finite element model
creation and results evaluation and has amoengst other
benefits opened the possibility for automation of
routine finite element mesh generation, we included a
brief presentation of the theory of solid modeling in
the course. Theoretical concepts underlying solid
modeling such as constructive solid geomeiry using
Boolean operations were presented. Siudents gained
an understanding of the Boolean operations by using
PADL-2 (13) core graphics to generate solid models.
Students were able to see the power of s0}id modeiing
applied to finite element -analysis by using the
GECMOD segment of the General Electric |-DEAS
package to model the gear shown in Figures 4 through
9.

In teaching graphics for finite element analysis
we are faced with providing a balance between
graphics fundamentals and applications. We found
that graphics fundamentals and applications could be
brought together by giving students the cpportunity to
modify commercial codes. For example, we were able
to permit students to use basic principles in
modifying the source code to a commercial program,
PADL-2. This gave them the opportunity to see the
results of their coding displayed by PADL-2, which is
available-to universities for under §1,000.

Experience the students gained in using
commercial codes, such as the General Electric
[-DEAS package, helped them tc understand
theoretical concepts presented in the course. At
course  conclusion, students had gained an
understanding of the fundamentals of graphics for
engineering analysis and were able to: 1. write
simpie interactive graphics application programs. 2.
use a variety of commercial graphics programs for
finite element model preparation and results
evaluation. 3. evaluate the merits and weaknesses of
both the software and hardware components of
commercially available graphics systems for aid in
finite element analysis.

SPRIME 198D

CONCLUSIONS

Numerical analysis and graphics were {(until
now) treated as two separate subjects and, therefore,
taught by separate departments. This caused a lack of
uniformity of undergraduafe curriculumy in hoth
graphics and numerical analysis.  The lack of
unifermity in the undergraduate graphics curriculum
was brought out by the great diversity in backgrounds
of the graduate students who enrelled in the course.
we found that mechanical engineering students were
much better prepared for the course than students
from other departments. They previousiy had written
elementary interactive graphics programs and were
experienced in the use of commercial graphics
application programs. Civil engineering students, in
centrast, had no classroom  experience  with
interactive programming.

Graphics at the freshman level at Chio State is
the only uniform college requirement and even that
reguirement is not met in the same way by all
students.  Currently, some students study batch
programming and traditional instrument drawing
while others study interactive programming and
computer graphics.

Graphics beyond the freshman level is taught by
a variety of engineering departments. Engineering
Graphics teaches an advanced undergraduate course on
computer-based engineering graphics. Computer
Science teaches courses on programming graphics
primitives and graphics system architecture. In a
mechanical  design  course,  faculty  members
gemonstrate the principles of engineering design
using commercial graphics application programs.
Because none of these courses have as their objective
to teach engineering graphics, the subject is not
developed as a whole.  Some essential parts of
engineering graphics  are npot  taught; graphic
theoretical development is merely glossed over.

ZOOMING AND ROTATION WERE NO
LONGER COMPUTER MAGIC
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In addition the wide variation in computer
graphics facilities petween departments contributes
to the nonuniformity in  students’ graphics
backgrounds. For example, the Mechanicai Engineering
Department (over a period of lime) had aimost
exclusive access ito the Advanced Design Methods
Laboratory, where Tekironix 4014 and other similar
graphics terminals lirked to VAX 11/750s give these
students experience in using many  commercial
graphics systems. In contrast, the Civil Engineering
Department {until recently) had no interactive
graphics systems availabie to undergraduate students.
This is now being changed.  Departmental graphics
facilities are being opened to all students and faculty
members in the College of Engineering.

in summary, we find that graphics has become
an integral part of the finite element methed, which
through a shared geometric data base forms a rapic
and broad communication channel between the analyst
and the computer. Unfortunately, at present, graphics
for engineering analysis 13 not well established in the
engineering curriculum at The Ohio State University.
This presents the following challenge for engineering
educators: Develop the educational strategy and
courses to incorporate modern graphics into the
engineering curriculum at all levels.
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- ABSTRALT. .. .

At Behrend Coliege of Erie, and New Kensington
Campus of New Kensington, both of the Pennsylvania
State University, two pilot courses in engineering
graphics have been taught using 2 mixture of manual
and computer techniques. This paper shares our
experiences in  improving our instruction of
introductory engineering graphics using
M ICroprocessors.

INTRODUCTION

if engineering graphics is to take 2 viable part
in the education of future engineers, it is absolutely
necessary to incorporate an effective form of
computer based instruction inte the curriculum. This
paper briefly discusses the following topics which
are some of the experiences of Behrend Coltege in
Erie, and New Kensingtonn Campus in New Kensington,
Pa., both of the Pennsylvania State University:

I. General Considerations for Implementation of CAD
[t. Hardweare and Software Systems Selected

[11. "Phasing in" Microprocessors

iV, instructional Innovation

V. Evaluation for improvements
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GENERAL CONSIDERATIONS FOR
IMPLEMENTATION OF CAD

Colleges and universities throughout the worid
are installing computer based systems that range
from sophisticated mainframes to much less powerful
rnicrocomputer based systems. The authors of this
paper believe that as much, if not rnore, consideration
should be given to instructional technigues as has
routinely been given to hardware and software
consideration. This is not, however, 1o minimize the
irmpeortance of hardware and software selection. The
literature relating to computer aided drafting
contains much discussion of the factors that need to
be considered when evaluating hardware and
software. This is certainly understandable given the
expense involved to purchase and install even one
workstation,

The costs of mainframe interactive CAD
systems have been reduced over the last few years,
but still'range in the hundreds of thousands of dollars
for a couple of workstations. An example of
mainframe CAD is the Computervision System. Their
capacity far exceeds the needs of introductory leve!
computer based engineering graphic instruction. The
mini computer systems packages may cost slightly
less, but still range above the hundred thousand dollar
level for 3D wire frame and solid modeling systems
such as the Prime Computer minis. Minis range down
to the area of $30~$40,000 for a stand alone system
such as the Apolio Computer.

As the micros’ capabilities are constantly
increasing, along with the enhanced versions using
micros tied to a Winchester or hard drive, we see the
costs of a stand alone system approaching $15,000
for a single workstation. It is therefore apparent
that equipment costs become one of the maost critical
factors in achieving the goal of teaching engineering
with CAD or simulated CAD systems.

Most universities cannot abserb the costs of
these purchases into already squeezed engineering
pudgets. Universities offering 2 range of engineering
curricula are being pressured by employers of
potential graduates. High entry level salaries for
graduating engineering students with BS degrees are
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tending to create two distinct preblems. First, the
number of students opting for engineering is
exploging; and second, these salaries are causing a
number of engineering faculty te go Lo industry where
salaries are higher. Because of these trends,
engineering programs have feund it necessary to
increase incoming faculty salaries proportionately,
resuiting in additional strains on budgets.

COMPUTER SYSTEMS SELECTED

A computer systern was chosen and software
was developed within the parameters of low cost and
introductory leve! instruction. Using Apple lie
computers as a pbase, a lab with sixteen stations was
developed at a total cost of $25,000. Each station
contained a computer, monitor and disk drive. Two
plotting stations are also included in this price. This
takes inte account educational discounts typical with
Apple eguipment. A software program was developed
with the ability to create 2D graphics at any
designated scale . The cost of the software is not
constdered in the package but would be under a few
hundred dollars.

Three distinct 1nput modes were developed to
be incorporated onto a single 5 1/4" fioppy disk. The
system uses vector notation oriented for easy
transference to a digital plotter for hard copy record,
and/or grading.

Modes:

a. The first is a graphic digitizing mode utitizing the
Houston instruments graphic tablet. All commands
are achieved on the tablet with an overlay that
includes an active screen area for digitizing, This
allows creation of a new drawing or input of an
existing drawing to computer or disk data storage.

b, The second input meode incorporates the use of a
set of game paddles or a trakball fied to the game
port. This is used to move the reference cursor
around the drawing area. It has an accepl
command and cancel commang button on the paddie
or trakball. The input graphic commands would be
entered from single key functions designated from
an overlay for the Appie.

c. The third input made utilizes the computer for ail
graphic commands and the movement of the cursor
by specific keys grouping.
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There are additional software commands on
this single disk allowing interaction with a digital
pletter, printer and even the ability to merge separate
files simulating a form of layering.

Any one of these modes can be activated from
the main mend. The system is very user friendly and
can be productively used by students with less than
two hours of group class instruction. Indeed, the use
of this software within the constraints of a three
credit engineering graphics course is an acceptable
"package” for its intended purposes.

The integration of Computer Aided Graphics
into  the engineering curriculum  should be
accompltished in a way that does not distract from the
effectiveness of standard instructionat technigues. It
needs fo be done by implementing into the curriculum
the abitity to simuiate technigues and concepts used
irindustry. It shouid be cost effective or realistic in
terms of dollar value returned for actual student
contact time spent on the system. [t should took at
the type and value of the time spent by the student
while working with the software.

It 15 easy to see how hardware and software
constderations become ali consuming when a coltege
or university imposes such costs on an already tight
engineering education budget. Great care must be
taken to insure that the system selected is cost
effective and realistic in terms of dollar value return
for actual student contact hours spent on the
computer based system. Thus it is apparent thet
equipment costs become one of the critical factors in
achieving a school's goal of some hands-on contact
with a computer aided drafting system.

The authors of this paper regrettably
recognized that while fully supported 2~ and
3-dimensional graphics systems were desirable, the
hard reality of budget consideration would preciude
the purchase of such & powerful system. To mirnimize
any shortcomings in the educational computer system
they were qoing fo use, the authors chose to
mmwww. : iy . : - m.
graphics,

"PHASE IN" OF CAD

A practicable but conservative pian consisted
of a gradual “phase in” of computer graphics rather
than a total conversion to computer graphics with the
elimination of most, if not ali, manual drafting. This
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plan was chosen for four reasens: one, the limited
availability of software to support atl topics
normally taught in the course; two, the limited budget
which restricted the number of worksiations that
could be purchased immediately, three, to provide
many important skills for those students who may
still need manual drafting skills  for  their
professional emgployment; and four, to allow the
necessary time for the development of instructional
technigues.

[N}

Limited Software Initially Available

Traditional graphics courses may contain a wide
variety of general topics; for example, axometric
drawings, charts and graphs, descriptive
geometry, tolerancing, as weil as a variety of
orthegenal drawing topics. The software chosen
for use on the computer may not lend itself
completely to the instruction of all these varied
topics. Because the initial computer software may
have limitations, the traditionai manual
techpigues should initially compliment the
computer graphics.  The graphics course can
thereby be expanded in its importance by the use
of computers, rather than replacing key topics of
the course with less significant concepts which
the software will support.

...does not distract.frnm the
effectiveness of standard
instructional techniques

. Limited Budgets

The second reason for choosing a gradual
conversion was the limited number of
workstations which could be made available to the
students early in the cenversion process.
Additional workstations are needed to drive
pletters and to replace a unit if repair is
necessary. Optimally, each student should have the

persopal use of a workstation during class -

instruction.  Just as individual learning and
develepment. could be hampered by students
sharing a drawing board with a partner and
completing all assignments as a team, so tog it is
believed that . . . "sharing a drawing workstation
on & continuous basis is undesirable” Using a
drawing laboratory with only half the eptimum
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nurnber of workstations forces a "tearn”™ approach to
problem solving. Inusing the team approach to the
computer aided graphics, it was observed that
most students enjoyed being in pairs at a
workstation. There was much enthusiasm,
cooperation, and a2 great deal of interaction
between the members of the team in sharing ideas
and reasons for a particutar solufion. Becauss the
student response is as acceptable to its team
effort, the "pairing” of students at a workstation
{s considered a good mechanism for instruction.

Regardless of the acceptable and even
encouraging response by the students for a team
effort in tearning, siudents must be given class
time to attempt to think through and draw 2
seiution on an individual basis. While team efforts
can remain as a catalyst for the learning process,
many of the concepts of an engineering graphics
course need to be practiced independent of student
interaction.

. Manuat Skills Still Markeiabte

A conversion program utilizing drawing boards
as well as computer drawing workstations has
ansther advantage. Skills in manual drawing
technigues are currently very desirable for many

-engineering. graduates, and.especially. engineering

technologists. This is truly a marketable skill for
those graduates desiring employment in industries
which are not large enough to afford the computer
hardware and support expenses. Since these
industries  still need engineers, engineering
technologists, and technicians who can draw by
conventional means, a dual program still allows
many of these manual drawing skills to be
introduced.

. Allow Time to Develop Software

The gradual conversion also provided time to
develop  exercises suitable for  computer
instruction. This time is mpecessary to develop and
expand CAD from a "mechanical tool” to an
“instructional tool”. Although the proper care and
use of drawing instruments is part of every basic
engineering graphics course, the concepts of
engineering graphics comprises the major
emphasis of the course. Knowledge in creating
multiview projections, proper dimensioning
techniques, informative sections, and many other
topics make up the thrust of the first course in
graphics; and as such, the computer software
optimally needs to address these thrusts. Simply
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drawing tines, arcs, circles, etc, by computer is
utilizing only 2 smati part of its total potential
for classroom use. Graphic concepts, such as
developing skills in visualization, need to be
re~evaluated by the instructor so that software
programs can be developed which help instruct the
concept.

INSTRUCTIONAL INNOVATIONS

At Behrend College, the authors have
effectively used the versatility of the microprocessor
to. improve instruction in engineering graphics,
Several problems have been preprogrammed for the
students for each of the major topics within the
course {except descriptive geometry). The correct
answer has also been preprograrmmed to allow the
student to review the correct answer either during or
after the student's own solution. The student cam
thereby discover errors quickly, and have an
immediate feedback of the correct solution. Students
can build confidence in solving harder problems if it
is realized that the easier problems are done
correctly. Students can work at their own pace,
solving many mini-problems, using the computer
software to "draw” the selution quickly and neatly.
Instructor time spent correcting large numbers of
drawing projects between classes is reduced because
the students are essentialtly correcting much of their
own work in a Eruly worthwhile manner.

This method of saving a drawing and retrieving
the answer Is completely different from simply
providing a "copy” of the solutions. Students would
use the paper copy without giving much original
thought to their own solution. The inconvenience of
“saving” a current file and "retrieving” the file with
the answer is just enough trouble to combat an
"unieashed” use of the answers. This method of
instruction also encourages the student to "learn” the
correct answer when they see it on the screen,
because the student will need to "clear” the answer,
retrieve their own solution file, and finish their
solution by what they have seen. The instructor can
also control the use of the file containing the answer
by providing a coded name to that file. The students
can therefore retrieve the answer only if the
instructor supplied the code name to the answer file.
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Therefore, wvaluable time 15 afforded by
“phasing” CAD inte the introductory graphics course.
The software available for the course is tailored to
teach specific concepts which are inherently visible
in marual drawing fechniques. As an example,
graphical concepts dealing with direct projection
from adjacent views. The size of the computer screen
rmay force a very smatl scale to adequately show more
than one view of an object. Therefore, these concepts
dealing with direct prejections are often time
consuming and cumbersome.  Other examples of
important lessons  inherently taught in manual
drawing courses which the computer software would
need to address could be: professionat presentation
through line gquality, drawing placement, and overall
neatness, visualization abilities, tracing overlay
advantages, and the use of some instruments such as
the various types of scales.

IMPROVING CAD AS AN EDUCATIONAL TOOL

A guestionnaire that was answered by 211 the
students at New Kensington Campus and Behrend
College who complieted the pilot courses. The goal of
the questionnaire was to determine if CAD was
perceived by the students as being effective as a
learning tool when compared to conventional manual
techniques. More specifically, the gquestionnaire
needed to help determine exactiy how CAD was an
effective learning tool; or conversely, exactly why it
was not effective.

The information gathered by this questionnaire
can also be used to help instructors on many key
issues.

1. Is the current software adeguate?

Are topics best handled by conventional
drawing techniques, and can they be taught as
effectively using CAD if proper software were
developed?

what areas of instruction need development and
improvements if a complete conversion fo
computer assisted drafting were made?

what additional software and hardware
purchases need to be considered?

what level of sophistication, expense, and
versatitity is necessary to rmeet the
requirements of student needs, and the courses
to be taught.
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ENGINEERING GRAPHICS 50
COMPUTER AIDED DRAFTING QUESTIONNAIRE
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YOUR RESPONSES T0 THE FOLLOWING STATEMENTS WILL PLAY AN IMPORTANT *
ROLE IN THE CONTINUED DEVELOPMENT OF EG 50 AND ITS COMPUTER AIDED *
DRAFTING COMPONENT, YOU NEED TO SIGN YOUR NAME IN CASE YOUR *
RESPONSES ARE SIGNIFICANTLY OUT OF ACCORD OF THE NORM. 1T IS *
TRULY IMPORTANT THAT A CLEAR AND NEARLY UNANIMOUS OPINION OF THE *
EMTIRE CLASS 1S REACHED FOR THIS QUESTIONNAIRE TO BE MOST SUCCESSFUL. *
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NAME DATE

To properly evaluate your vesponses, please provide the follewing personal
background information.

1. How many years of mechanical drafting have you had prior to this course?

a. More than 3 vears

b: 3 years
c. 2 years
d. 1 year

e. 1/2 year or less

2. How many years of computer programming have you had?

a. More than 3 years
b, 3 years

c. 2 years

d, 1 year

e. 1/2 year or less

3. What computer languages do your know? (several answers possible)

—

The following questions pertain to the effectiveness of the current software as
a "learning" tool.

a. APL
b. BASIC

c. =7

—— -

Assuming drawings of equal difficulty were assigned to you, how would you
compare with the regular "manual" drafting technigues with the computer aided
drafting. Place an x in the proper column for your answer.

1. Compare the "speed" in accomplishing the drawing (please include the time
in plotting the drawing too).

COMPUTER DRWG MANUAL DRWG NO
TOPIC FASTER FASTER DIFFERENCE
a. Lettering..coivcieeenrnnnas
b, Three view drawing.........

¢. Finding and adding
missing 1ires.....ouu.en.

d. Isometric drawing..........
e. DObligque drawing............
f. Charts and graphs......... .
g. Dimensioning.......vvceeens
h. Sectioning.......ccvvvnunen
i. Drawing arcs and circles...

2. Compare the "ease" of learning a new topic.

FIGURE 1
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The students met for four hours in & fradifional
drawing beard faberatory and for two hours in the
computer assisted drawing laboratory. Therefore, the
students used these mixed laboratory classes as a
pasis for comparing the effectiveness of each method
in helping them to learn a specific topic.  The
guestionnaire included numerous items to contrast
student perceptions of manual vs.computer graphics.
Currentiy, several areas have been identified by the
facuity to be relevant in learning graphics concepts
The questicnnaire focused on evaluating the students’
perception for each of these areas. These areas are
described as follows:

2. Ease of learning new concepts - If a topic is
perceived to be easier to learn while using one
method over another, then a significant
advantage of that methed is identified.  An
gxampie whereby CAD would provide ease of
learning would be if problems/solutions were
avaitable or & programmed step-by-step
instructional package were part of the
computer software.

FELUME 43 NUMBER 2

b. Enfoyment of learning - A technigue of drawing
may simpiy be more fun fo use. Additionally,
one of the two methods could prove fo be more
enjoyable because it is more versatile in
providing inherent aids cenclusive to learning
the topic.

c. Concentration on graphical concepts - If'a “tool”
to be used to draw a solution to a problem is so
cumbersome to use, it may actually distract
the student freom  concentrating on  the
principles involved. One of the two drawing
methods may allow more thought to be given to
the problem rather than to the "tool” by which
it must be solved.

d. Speed - One method of drawing may simply be

faster than the other. This would aliow more
examples to be solved and perhaps more topics
to be covered in the same time period.

This section of the questionnaire deals with the ievel or significance that you

feel computer graphics may be for your future.

1. The engineering profession will probably use computer graphics

. not much, if ever
in 5 years
in 2 years

J =T o Bl i =}
PR

. in the near future, if not now

z. In your opiniorn, is computer graphics here to stay?

very definitely
most Tikely
maybe

probably not

ne

[av R = My Bl g 1}

3. Do you feel that the information which you saw and learned on the computer
graphics system is important for your future as you perceive it?

extremely important
important

maybe important
probably not important
. not important at all

D 0o

4, The computer aided drafting portion of EG 50 {assuming the equipment is

available) will most 1ikely be

a. extremely important

b. important

¢, maybe important

d. probably not important
e. not important at all

4D ENGINEERING DESIGN GREPHICS JOURNBL
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e. Presentation or Quality of Drawing - One 1. future courses in the engineering curriculum
method may be supericr in aliowing the student
to experience a great ceal of pride and 2. marketability of skillsas an engineering
satisfaction from a good guality drawing graduate
These feelings are important to encourage
students to enjoy what they are studying. 3. pieparation to meet future trends in

engineering design and manufacturing.
f. Student attitude - A high gegree of student

interest and enthusiasm for z course Is A typical question from the questionnaire is
extremely important in motivating gtudents to shown in Figure | which is a summary question
learn.  Although enthusiasm is difficult to relating to the student's overall preference.

evaluate, @ series of questions were asked
which dealt with the student’s attitude toward
computer assisted drawing. 1t is our belief
that if a student perceives that one method of
drawing s more advaniageous to his/her future
in  comparison to another method, then
enthusiasm will be present in studying that
rmethod. In particular the guestions attempted
to measure the students’ perception of
importance of CAD in relation to the fellowing:

6. The "blend" of the manual drafting techniques and the Apple graphics in the
same course is

a, very desirable and helpful

b. desirable

¢. no opinion

d. - of 1ittie help and often confusing -
e. a hindrance in learning the material

7. Saelect the method which vou feel is best for wou in "learning" the concepts
necessary in this course,

ONLY ONLY A MIXTURE OF
COMPUTER MANUAL COMPUTER ARD
TOPIC TECHNIQUES ~ TECHNIQUES MANUAL TECHNIQUES

Lettering..cveennaarcrennns
Three view drawing.........
Finding and adding

missing lines...vvvevans
Isometric drawing..........
Obligue drawing.....ceeeues
Charts and graphs..........
Dimensions...veeevneenns .
. Sectioning.....uevviiiannnn
Drawing arcs and circles...

oo

o

T

— T ~h D O

. On an average, how much time did you spend outside of each class to
complete the assigned computer proiects?

a. No extra time e. One hour

b. 15 minutes f.  One hour and 15 minutes
¢. 30 minutes g. One hour and 30 minutes
d. 45 minutes h. More

EMGIMEERING DESIGN GRAPHICS JouRnAL 47
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CONCLUSION

It is the experience of New Kensington Campus
and Behrend College of The Pennsylvania State
University that introgucing computer aided graphics
into the engineering graphics classes on a gradual
basis has certain advantages. Although this is 2
conservative approach to eventually converting to a
total computer assisted drawing laboratory, it
satisfies the present concerns of studenis and
faculty, and aiso addresses itself closely to the needs
of industry,

The imptementation of CAD eguipment should be
done with proper instruction in mind. New teaching
methods, new instructional tools, and new projects
need to be created in this computer based graphics
course so that the student can learn mere graphical
concepts, and at the same time learn these concepts
far easier than with conventional manual technigues.
The CAD environment offers the educator 2
tremendously versatile environment for innovative
and creative instruction. To expand CAD from &
rmechanical too! to an instructional tool needs to be a
major emphasis in every schooi wishing to convert
their drawing bearg laboratories into cornputer
assisted drawing laboratories.

S Ibes
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When
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in numbers,
you know
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about it.  Lord Kevin
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