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Announcing an all-new edition of. ..

Fundamentals of Engineering Graphics, SI
Third Edition
JOSEPH B, DENT, W, GEORGE DEVENS, FRANK F, MARVIN, and HAROLD F TRENT, all of Virginia Polytechnic

Institute and State University, Blacksburg
1983 504 pp. (approx.)

Comprehensive in scope and concise in presenta-
tion, this introductory text/workbook covers the es-
sential elements of engineering graphics in straight-
forward, easily understood language, The text and
problems cover engineering drawing, descriptive
geometry, and graphical mathematics, stressing the
fundamentals of each subject.

FEATURED IN THE THIRD EDITION:

* 32 new problems, and many others newly revised,

reinforce the practical applications of principles

Recently published.. .
Descriptive Geometry—Metric

Sixth Edition

E. G. PARE, Washington State University, R, O. LOVING,
[linois Institute of Technology, I L. HILL, llinois Tnstitute
of Technology, and R. C. PARE, Cogswell College

19852 432pp.

* The text has been amplified and clarified in several
key areas to assist students in their step-by-step
progression through the subject

* 152 problem sheets are arranged sequentially with-
in the text to-permit maximum flexibility in assign-
ing homework and laboratory problems

* Improved paper stock is particularly receptive to
pencil drawings

* An instructor’s manual is available

Technical Drawing

Seventh Edition

(The late) FREDERICK E. GIESECKE, (the late) AIVA
MITCHELL, (the late) HENRY CECIL SPENCER, and 1. L.
HILL, and JOHN DYGDON, bath, Illinois Institute of
Technology

1980 868 pp.

with: ”

Descriptive Geometry L.

Worksheets, Series A and B Technical Drawing Problems,
E. G. PARE, Washington Stale University, R O. LOVI®G,  Series 1

linois Institute of Technology, I. L. HILL, Hinois Institute sixth Edition

of Technology, and R. C. PARE, Cogswell College
Series A: Fifth Edition, 7982 76 sheets, PB
Series B: Fourth Edition, 7980 76 sheets, PB

Engineering Graphics
Third Edition
{The late) FREDERICK E. GIESECKE, (the late) ALVA

(The late) FREDERICK E. GIESECKE, (the late) AIVA
MITCIIELL, (the late) HENRY CECIL SPENCER, and 1. 1.
HILL, and JOIIN DYGDON, both, Iilinois Institure of
Technology

7980 102 pp, PB

Technical Drawing Problems,

MITCHELL, (the late) HENRY CECIL SPENCER, and [, L. H

HILL, JO IN(DYGDO)N, and ROBERT OLIN LOVING, aIfl Seﬂes 2

IHinois Institute of Technology Fourth Edition

1981 888 pp. (The late) HENRY CECIL SPENCER, and I, L. HILL, and
. JOHN DYGDON, bath, inois Instiwute of Technology

with: 1980 224 pp, PB

Engineering Graphics Technical Drawing Problems,

Problems, Series I and II Series 3

(The late) HENRY CECIL SPENCER, and I. .. MILL, ROBERT Third Edition

OLIN LOVING, and JOHN DYGDON, al? llinois Institute of
Technology

Series I Third Edition, 1987 224 pp, PB

Series IT: First edition, 7982 224 bp, PB

(The lae) TIENRY CECIL SPENCER, and I. L. FHILL, and

JOHN DYGDON, both, llinois Institute of Technology

1980 176 pp, FB

MACMILLAN PUBLISHING CO.,, INC. 866 THIRD AVENUE, NEW YORK, N.Y. 10022
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Time-honored texts in engineering graphics that

keep pace with the times!

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

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

1SBN 0-8403-1593-7

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

Engineering Graphics by Rising et
al.

Engineering Graphics Problem
Book by Sanders et al.

for adoption consideration

for 30 days’ free exam. {| understand
that | may return my copy within 30 days
without obligation.)

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

1977 /126 pages/Paper/$8.85

ISBN 0-8403-1658-5

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

Name

Dept.

School

Address

City State/ZIP

Kendall/Hunt Publishing Company
2460 Kerper Boulevard
Dubuque, 1A 52001

F79-316a
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EDITOR’S PAGIE

This s my

first opportunity it wiil be easy to find sufficient material
as editor to bring in computer graphics to fil1l1 each issue, but of
you an issue of course that would fiil no purpose for there are
The Journal and many Fine publications devoted to this area. We
share with you would be the first to agree, here at Ohio State,
some of my that computers are going to play an increasingly
thoughts on our important role in engineering and technology
profession and the education in general, and by extension the
expanding body of teaching of design and graphics courses in thesea
knowledge we call majors.
graphics.
But make no mistake, our business Is the
The Journal teaching of graphigs., the deveiopment of one of
represents, | the tool skilis every engineer and technologist
believe, the most must have. But remember s there was graphics
important activity before the quill pen, before the ruling pen,
of our division. before the technical pen, and before the light
Rich in heritage and traditien, it has been a pen, as there will be after. Computers are only
welcome friend to many a division member. [t has the most recent development in a continuum of
been and will continue to be a forum for technology to produce, store, and  transmit
conventional and  unconventional  theary  and graphics imagery and supporting data. The only
practice. |t gives programs the opportunity to questions are when will the next development
distribute their experiences world-wide. Teachers occur, and what will it be.

have the chance to talk about nethods, researchers

enjoy a vehicle to share findings, and we all have We have always been long on equipment talk
the knowledge that we are in this thing together, and short on concept taik — never has this been
and For common goals and purposes. more evident than with computer graphics
equipment. But equipment is corporal, Tike flesh

For many of wus, graphics is the mast it is gone and what remains s the stuff that

important force in our Tives. li's what we do as sticks all of what we do together- It is this
a livelihood, what we teach as a profession, and stuff | invite you to explore in the upcoming
what we relax with as an avocation. |t separates issues of The Journal.

each of us from the Y"flat landers' and is both a

blessing and a burden.

A1l of you Tn your diversity make up the rich
fabric of contemporary graphics, and it is to you
that these next issues are directed.

equipment, like flesh, is
corporal and after it is gone
what remains is the stuff
that sticks together

all of what we do

This first issue combines some  really
interesting pieces on  theoretical geometry,
computer graphics, applied graphical solutions,
ethics, teaching, and news. It's the kind of
issue each of you should find of interest, and
represents well the diversity of our enterprise.
It is international in scope and interdisciplinary
in approach. To maintain this, | encourage all
readers of The Journal to submit material for
publication. With your contribution Tt will be
possible to bring you the diversity of teaching,
research, and practice in graphics.

4 ENGINEERING DESIGN GRAPHICS JOURMAL



NATIONAL MEETING AT 1962

The Division of Engineering Design Graphics

Ameorican Sociery for Enginesring Education

has bestowed upon

FJames Hubert Larle

its highest honar
THE DISTINGUISHED SERVICE AWARD

for his dedicated service to the Division and to
cngineering education, for his devotion to his
students and colleagues, and as an  expression of
the admiratlon and respect of his professional
peers.,

James H, Earle, Head of the Engineering Design Graphics ODepartment at Texas AGH
University, and Frofesser in that department, has an outstsnding record of professional
service and achievement.

He graduated with a bacheior's degree in architecture at Texas A&M University in
1955, and served in the United States Alr Force until 1957, Duriny those years he spent
his free time as & designer and jljustrator, and extended his cartooning skills. Upon his
discharge from the Air Faorce, he continued his education, abtaining a master's degree in
1362, and doctorate in education in 1964, Ouring that period he served as an instructor,
Assistant Professor, and Assoclate Professor in the Engineering Design Graphics Department
at Texas AGM, He became Professor and Head of the department in 1569, and has remained in
that position until the present.

Jim is a proflcient author amd i{llustrator. His cartoon character, "$louch', which
appears in the University's newspaper, The Battalion, has kept the students and faculty At
naggieland" laughing for the past twenty—five years over cvents and conditions on their
Campus . e is recognized as an authority on graphics, pubiishing, and teaching methods.
His many textbooks and teacher's guldes on graphlcs and descriptive geometry are used in

schaols throughout the Horth American continent.

ENGINEERING DESIGN GRAPHRICS JOURNAL 3
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PROGRAM
EDGD-ASEE MID-YEAR MEETING
January 4-7, 1983

KELLOGG WEST CENTER FOR
CONTINUING EDUCATION

TUESDAY,
JANUARY 4
1:00 PM Lodging Check-In
and Registration
£:30 PM Exacutive Committee
Dinner and Meeting
Facuity Center
WEDNESDAY,
JANUARY 5 AUDITORIUM

B:15 AM - 5:00 AM  Registration: Lobby

9:00 AM - 9:15 AM Introduction, Program Chairman
Robert Ritter
Loyola Marymount University
Maderator: Morning Sessions
Warren White
Centenary College

9:1b AM - 1015 AM

Richard Latimer

1016 AM - 10:45 AM
10:45 AM - 11:30 AM

12 Noon - 1:30 PM

1:30 PM - 2:30 PM

2:30 PM - 3:15 PM

315 PM - 3:30 PM

3:30 PM - 430 PM

7:00 PM - 10:00 PM

THURSDAY,
JANUARY 6

9:00 AM

10:00 AM - 12 Noon
12 Noon - 1:00 PM
$:00 PM - 3:00 PM

3.00 PM
G:30 PM

FRIDAY,
JANUARY 7

8:15 AM - 9:00 AM

9:00 AM - 9:45 AM

9:45 AM - 10:00 AM
10:00 AM - 10:45 AM

10:45 AM - 11:30 AM

Colfee/Coke Break
Honald E. Barr

The University of Texas
at Austin

fnteractive Procedures
for Geometric Data Entry
and Modeling on a Smail
Educational CAD System.
Business Luncheon
Moderator: Afternoon Sessions
Jon M. Duft

The Ohio State University

Robert L. Norton

Waorcester Polytechnic Institute
Computer Aided Design of
Robotics Position Programming.
L. V. Brilthari

Triton College

Computer Graphics:
Comprehensive Utilization

Coffee/Coke Break

Randy Anderson

Northrop Corporation
Computer Graphics at
Northrop Corporation
EXHIBIT LOUNGE
Demonstrations by

selected manufacturing
representatives of interactive
computer graphics equipment.

Tour — Northrop Corporation
Aircrafl Division

Bus leaves for Northrop
Avionics and Flight Simulation
Lunch -— Northrop to Host
Manufacturing and Computer
Graphics

Bus returns 1o Pomona
DINING ROOM:

CONFEREMNCE CENTER
Social Hour and Banquet

AUDITORIUM

Moderator

Warren J. Luzadder
Roland Jenison

lowa State University
The First Step Toward CAD.
Frank Croft

Speed Scientific School,
University of Louisville
Verification of Mold Cavities by
Cemputer Graphics
Technigues.
Coffee/Coke Break
Peter Miller

Purdue University
Developing Computer
Graphics Expertise—
The Purdue Experience
Ropert 5. Lang
MNortheastern University
3-D Computer Graphics.
it's as Easy as ABC.

California State University;
Sacramento, CA .

The Implementation ot
CAD/CAM into the Mechanical
Engineering Technology
Program.

& ENECINEERING DESIGN GRAPHISS JOURNAL

Edward D. Galbraith

Industrial & Manufacturing Engineering
California State Poiytechnic University
3801 West Temple Avenue

Pomona, Calitornia 91768

For additional information call Ed at
(714) 598-4365
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DIVISION NEWS

for vice chairman

Garland K. Hitliard

- Loordinator of Graphic
Communications, North
Carolina State
University

— Past Editor of EDGJ

- Past Circulation Manager
of EDGJ

— Co—author of several
yraphics workbooks and
papars on self-paced
instruction

for director of laision

Robert N. HcDougal

~ hssociaste Professor of
Engineering Mechanics,
University of
Nebraska/Lincoln

- Active in ASEE computer
graphics commnittee,
ASTM, ond Hebraska WSPE

for director of programs

Ronald E. Barr

~ Assistant Professor of
Mechanical Engineering,
University of
Texas/Austin

- Co-author of several
ygraphics texts andg
wor kbocks

— Program Chalrman 1982
ELGU proyram at AEH

- Member ASEE, IECE,
Sigmna X, NLGA

Rotand 0. Jenison
- Associate Professor of
Freshman Engineering,
lowa State University
~ Proyram Direcror EDGU
- Co—author of freshman
engingering textbooks
=== B - Active in applying
computer graphics to
engineering inscruction

T

Merwin L. Weed

~ Mssociate Professor of
Engineering,
Pennsylvania State
University

— Dbirector of Liaison EDGD

— Lhairman MET program

- Recelved Jefferson Award

John b. Critten.en

- Assistant Professor
Engineering
Fundamentals, Virginis
Potytechni¢c Institute

— Program Chairman EDGO
fidYear 1962

- Member ASEL, AlAA,
Virginia Academy of
science

ENGINEERING DESIGH GRARPHRICS JORURNAL
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1 REVIEW

T e T

HiH

Bob Albrecht. TRS-80 Color Basic: A
self-Teaching Luide. John Wiley and Sons, Inc.

The intent of this puny text is to complement
Radio Shack's instructional material for the
minimum configuration of the THs-80 Color
computer. It is written for the person who may
have just taken a new color computer right out of
the box. The format for the first 11 of 12
chapters is a programmed learning approach where
vframes" either ask the reader to do something on
their computer or respond with an answer to a
gquestion. Each chapter has beginning—of-—chapter
objectives and an end—of-chapter self test. The
pace s measured. A nhigh school level reader
should have littie difficulty comprehending the
material.

The book can roughly be divided into four
sections. The First part {Chapters 1-5})
introduces concepts both the machine and in
particuiar the BASIC programming language. The
second rough division {Chapters §-8) represent the
fundamentsls of making sounds and displaying text
and pixel graphics on the screen. The TRS-80
Color computer has 512 "print positions'. Each
contains four "set! positions or pixels making the
graphics resolution of the screen B4 x 32 pixels.
Programming graphics can be a little awkward, but
the book does a fine job of explaining how this
can be done.

The third compenent of the book {Chpaters
9-11) is concerned with the intermediate
programming concepts of branching logic, string
functions, subscripted variables, and arrays. The
exercises are fund and will provide  good
experiences to the reader who types in the short
programs and runs them.

ENG@INEERING DESIGN GRAPHICS JOURNAL

The last chapter is not in the programmed
learning style. Some  advanced programming
concepts are introduced. What makes this a fine
section of the text are the programming probliems
and challenges that are posed o the
learner/reader. At least one workable solution to
each problem is given. This book is a gooed guide
to the THS$-80 Color computer written in a very
readable manner.

Heviewed by: William J. Kolomyjec
: Assistant Professor
Department of Engineering Graphics
The Chio State University

Sol Sherr . Video and Digital Electronic Displays
John Wiley and Sons, inc.

Fhis book is intended to give a very thorough
explanation of the principles by which most of the
computer graphics display devices operate. You
can even discover how the iiquid crystal display
{LCD) on your digital watch operates.

The book is well-written and fairly easy to
read. There is only one requirement for reading
this book with understanding — you must have some
acquaintance with electronics in general. As an
example, unless one understands what a beam of
electrons is and the fact that the electrons
hitting a phosphor cause it to glow, you will have
trouble readimg the book.

Highly recommended for all who want a good
understanding of electronic display devices with
the provisc that some electropics knowledge is
helipful .

Reviewed bys Richard Hang
Professor
Department of Engineering Graphics
Lepartment of Computer and
Information Science
The Ohlo State Unlversity



FEATURIES

Ethics in Engineering Design

Gerard Veland
Northeastern University
Bostcn, Massachusetts 02115

INTRODUCTION

Lecnardo da ¥inai, in his autcbicgraphical
notes, revealed that he had chosen to not disclose
his design of a submarine for fear that it would
be used to drill holes in enemy vessels (Paschkis,
1975)+

Engineers are often confronted by ethical
conflictsy; for example, to whom does the engineer
owe his primary loyalty — his family and himself,
his colleagues, his employer, his clients, or
soriety in general?

Ethical cholces in engineering design include

1. One's choice of an employer - is work
involving energy or weaponry acceptable to the
enyineer?

2. The employer!s denerai philoscphy toward
planned obsolescence, the inclusion of safety
precautions in designs, environmental concerns
{poliution, the depletion of natural
resources, etc.}, professional regard for the
customer [in such areas of concern as easy
assembly and repair of the preduct and minimum
maintenance), and other design considerations.

{Brown, 1981}

The engineering student should be exposed to
such potential ethical conflicts and choices
during his education and professional training if
he is to

1. recognize the complexities and difficulties
associated with engineeriy decisions and

2. act responsibly as a professional - and
ethical - engineer.

Tabie 1 presents several definitions of
ethics in engineering which have been suggested in
the literature. The englneering educator can
certainly inform his pupiis of "professional
ethias? if such ethics simply consist of the
standards of conduct or codes of ethics which have
been developed by various professional engineering
groups.

He can also teach situational ethig¢s in which
particular case studies are analyzed and compared;
such analyses would include Ytechnical ethiegs!
{design considerations) and ""engineering ethics'
as defined in Table 1.

AUTUMN 1282

A brief review of the history of ethics as a
topic of professional concern in  engineering,
particular case studies, the development of codes
of conduct, and the role of professicnal societies
in the enforcement of such codes will lead us to
specific  suggestions for teaching ethics 1in
engineering.

Definitions

ETHICS . ss e racnraneaea tA system of moral
principies: the ruies of conduct
recognized in respect to a particular
class of human actions or a particular
group or culture; the branch of
phiiosophy dealing with values relating to
human conduct..." {Urdang, 1968)

TECHMICAL ETHICS......"A comprehensive  and
continuing critical evaluation of the
societal implications and consequences of
an  engineering design, and the making of
proper choices accordingly." {8rown, 1581)

PROFESSIONAL ETHICS.."Standards of conduct
unique te a particular profession and
those who practice it." (Huber, 1978}

ENGINEERING ETHICS...{(1) "The study of moral
issues arising in engineering practice.’
(Martin, 1981) {2) “"Service of the pubiic
interest with integrity and honor ..M
{Wisely, 1977}

TABLE 1%

HISTORICAL REVIEW

The first general conference {Benjamin, 1975)
on engineering ethics, at  which several
professional societies were represented {including

accreditation of engineering
schools could include the
requirement of course
offerings in professional
responsibility and ethics

the American institute of Chemical Engineers; the
American Chemical Society; the American Institute
of Mining, Metallurgical and Petroleum Engineers;
Institute of Electrical and Electronics Engineers;
and the Nat ional Society of Professional
Engineers), was held in 1975, the proceedings of
which have been published by the American Soclety
of Civil Engineers {ASGE) (1975). The issue of
ethical conduct in the engineering profession,
however, had been considered by numerous groups
for many vyears prior to this conference; Wisely
(1977} has provided the following summary:

1893 and 1902 — Proposals of ethical standards in
ASCE rejected.

June, 1907 ———— Code of ethics drafted in the
American Institute of Electrical
Enginsers (AIEE) but not adopted.

ENGINEERING CESIGH GRAPHICS JOURNAL @
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February, 1910 - Institution of Civil Engineers
{I1CE) in Great Britain adopts
first engineering standards of
professional conduct.

May, 1911 ~~~-——— The American institute of
Consulting Engineers {AICE)
adopts first American code of
ethics, based upon ICE standards.

March, 1912 —-—— AIEE adopts Code of Principles of
Professional Conduct.

December, 1912 — The American Institute of
Chemical Engineers (AIChE) adopts
code of ethics.

June, 1914 ———~ The American Society of
Hechanical Engineers {ASME)
adopts code based upon the AIEE
YPrinciples'.

September, 1914 ASCE adopts code comprising parts
of the AICE code of ethics.

Aprit, 1920 ——— ASME leads in Formation of Joint
Committee on-Code of Ethics; 1922
draft Code of Ethics for
Engineers fails to receive
general acceptance.

May, 1923 —————m The American Association of
Engineers (AAE) adopts Principles
of Professional Conduct intended
for all engineers; acceptance is
limited.

January, 1941 — The Engineers Council for
Professional Development (ECPD)
undertakes development of ethical
standards for ail engineering.

1943 to 1950 ——— ECPD Canons of Ethics for
Engineers in process of
acceptance by ECPD societies.

June, 1952 ——-- The National Society of
Professional Engineers (NSPE)
adopts 15 Rules of Ethical
Conduct to supplement ECPD
"Canons''y both are replaced in
1957 by the enactment of NSPE
Rules of Professional Conduct.

1957 ———————~— ASCL and the American Institute
of Architects (AiA} jointly
produce Interprofessionai
Principles of Practice for
Architects and Engineers.

1963 ——————————— ECPD enacts major revisicn to its
Canons of Ethics.
1974 ———— ECPD approves new Code of Ethics

of Engineers, replacing the
former Cancns of Ethics.

1974 —————— — The institute of Electrical and
Electronics Engineers {IEEE)
enacts a new code independent of
the ECPD model.

1974 —~————————— The American Consulting Engineers
Councii (ACEC) adopts a new Code
of Ethics following ECPD
fundamenta? Canons and
guidelines.

1976 ~-——————— ASCE adopts modification of ECPD
code to replace its traditional
Code of Ethics.

In order to ptace this time sequence in
perspective, we note that the medical profession's
historical consideration of ethics is as follows

(Wisely, 1977):

tth Century B.C.-A brief set of ethical
principles, the Cath of
Hippocrates, is conceived; no
penatties or sanctions are
imposed.

10 ENGINEERING DESIGH GRAPHICS JOURRNAL

1803 —————————— The British physician Thomas
Percival publishes his "Code of
Medical Ethics'.

1847 - The American Medical Association
{AMA), during its first meeting,
adopted a set of Principles of
Ethics based upon the Percival
cade.

(AMA Judicial Council interprets and may impose

sanctions; the prime responsibility for

disciplinary action rests with the local and state
medical societies.)

The legal profession also predates
engineering in its discussions and formulation of
a code of conduct {Wisely, 1977).

1854 ———mm— A series of lectures given by
Judge George Sharswood is
published under the title
"Professicnal Ethics'l,

1887 e The Alabama Bar Association

. adopts a code of ethics based
upon the Sharswood lectures.

1968 ———————~———— The American Bar Association
(ABA) adopts ethical standards
based upon the Alabama code.

1970 —————————— The ABA Code of Professional
Responsibility is introduced.

(The ABA Committee on Ethics and Professional

Responsibility interprest questions relating to

the code; discipiinary actions are held by the

state bar associations.)

In both medicine and law, the existence of a
single major professional society simplified the
deveiopment and’ the  enforcement of ethical
standards {unlike the engineering profession, in
which more than 1k0 national organizations
existed) (Wisely, 1977}.

The generation of such cedes of conduct (and
the associated licensing procedures) simply
reflect the need for every profession to enjoy the
public's trust (Rawlins, 1977).

Today, there Is Iincreased interest and
activity among engineers with respect to codes of
conduct and ethical behavior (Brown, 1981) -
perhaps as a result of some well-publicized cases
involving ethical questions in englneering
practice. We review two of these cases in the
next section.

CASE STUDIES

CASE STUDY 1: BART (Anderson, 1975)

In 1972, the San fFrancisco DBay Area Rapid
Transit {BART) District introduced the nation's
first completely automated transit system.

In March of that year, three BART enginecers
were dismissed after advising three levels of
supervision that there were serious problems in
the system. (The press had obtained information
about the engineers' concerns from Membars of
BART's board of Directors; the dismissals were
apparently the result of the adverse publicity.)

The Diablc chapter of the MNational Society of
Professional Engineers (NSPE}, together with
members of the California Society of Professional
Engineers  {CSPE}, investigated the engineers!'
allegations and dismissals. Other nprofessional
engineers involved in the BART system confirmed
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the technical protiems of the system. A report After the thirteenth attempt, the testing
was submitted by the CSPE Transportaticn Safety laboratory was notified that the brake would
Committee toc a California state senator in  June, qualify on the next attempt.

1972, in order to promote a legislative )
investigation. (On= congern mentioned in the A false qualification report was issued.
report was that "...a train approaching a station

received a false acceleration command. The train Flight tests were conducted and then
traveled through the station at 80 mph''. The cancelled when difficulties developed (e.g..
report asked "'does the possibility of  train brakes welding together - forcing the airecraft to
derailment exist at the station terminals? Is the skid to a stop).

track runout length sufficient?!)
The Federal Bureau of Investigation became

In November, 1972, a legislative report was Involved. BFG eventually acknowledged that the
released which substantiated a majority of the four-rotor design was a faiiure.
concerns identified by the CSPE committee.

Finally, the Department of Defense Issued
substantial c¢hanges in inspection and reporting
procedures.

However, in October, a crystal oscillator in
the automatic train operating (ATO) subsystem had
transmitted an incorrect speed command
(Friedlander, 1975)3 a train failed to stop at
the last station on the line, left the track, and
crashed into a commuter parking lot!

THE ROLE OF PROFESSIONAL SOCIETIES

The above cases suggest that professional
in interesting feature of this case Is the societies should provide active leadership in
reaction of a g?oup within NSPE known as the cases of unethical conduct, the enforcement of

Professional Engineers in Private Practice (PEPP) professional codes, and licensing practices.
to the activities of the CSPE Diablo chapter. The
PEPP group was concerned that the CSPE Diablo
group's actions could have a negative impact upon
the consulting engineering profession. In
addition, the CSPE Golden Gate chapter moved
(unsuccessfully) to censure the Diablo chapter.
And the efforts of the Diablo chapter to obtain
support for the three dismissed enyineers from
CSPE and NSPE were ultimately unsuccessful.

In both the legal and medical professions,
there  exist professional societal reviews,
standing committees for the interpretation and
monitoring of ethical behavior and procedures for
dealing with code violations {(Wisely, 1977). As
of 1975, the Engineers Council for Professional
Development (ECPD) had no enforcement authority
over the individual engineer (Rawling, 1975);
enforcement powers remained with the individual
societies and, fin particular, with the state

) i ion boards.
CASE STUDY 2: B.F. Goadrich Company registration boards

In the BART case, the professional society’s
local chapter attempted to take action only to be
frustrated at the state and national levels.

in 1966, the H.F. Goodrich Company (BFG)
aircraft wheel and brake plant in Troy, Ohio,
successfully bid to suppiy wheels and brakes for
the A7D 1light attack aircraft being built by the
Ling-Temco-Vought Company (LTV) of Dallas, Texas,
for the United States Air Force. BFG had not made
a successful bid on an LTV proposal for ten years
as a result of a BFG landing gear assembly (built L .
for LTy} failure. BFG was jubilant that the 1966 by recognizing and solving, through a set of

eneral guidelines, the conflicting demands
t t had been awarded to them - and would not 4 ' ' .
gggegfcfailure regardless of the cost placed upon the engineer {Discussion of...,
’ .

1975)

It has been suggested that  professional
engineering societies can encourage ethical
behavior in the following ways:

BFG's proposa) was for a lightweight (145
pounds) four-rotor brake. During laboratory tests
it became apparent that the brake was a failure -
temperatures were too high, resuiting in rapid
lining failure and disintegration. The brake's
designer claimed that the lining material was at
fault rather than his design; however, a
five-rotor brake had proven successful. Various
lining mixes were tested; all were fTallure.

‘by supperting '"whistle-blowers", particularly
through helping them obtain professional
emplioyment {the American Chemical Society has
a legal-aid loan program  for such
individuals) (Discussion of..., 197G}

by filing Amicus Curiae {friend of the court)
briefs in legal cases (Discussion of...,

1975)

Meanwhiie, LTV was informed that the brake
was successful and flight tests could begin in
June, 1968. A fabricated test log was submitted
to substantiate these claims.

by publishing resuits and case histories
{Discussion of..., 1975} (Smith, 1977a}

by providing grievance procedures or
investigative commissions {Discussion of...,
1975) the format could be similar to that
used by the American Assoclation of

- University Professors in which a complaint is
filed, a Tact—finding committee is appointed,
an attempt at mediation is made, and, {f no
sojution is achieved, the party determinzd to
be at faulty is ‘censored" Dby the group
(Paschkis, 1975)

Formal Qualification tests were conhducted.
Military specifications required that a brake be
submitted to a 50-simulated—landings test without
mechanical reworking or modificationss in
defiance of this requirement, the test brake was
often dismantied and machined. Fans were used to
reduce heating. Fourteen qualification attempts
were conducted; none was successful.

ENGINEERING DESIGN GRAPHICS JOURNAL 11
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by requiring that engineering schools offer SURVEY INDICATIONS

instruction in the duties and

responsibilities of the professional Surveys have been conducted which indicate a
engineer, as is required of law schocls by need for the inclusion of ethics discussions in
the American Bar Association (Smith, 1977a) enginearing curricula.

by involving student chapters in these Twenty-nine undergraduate members of an  ASCE
university educational efforts (lLee, 1975). student chapter at the University of Maryland,

together with 162 engineering professionals
attending ASCE meetings In Wisconsin and {1lincis,
were asked (Brannon, 1976) to respond to the elght
situational questions given In Table 2. These
questions ask for decisions involving

CASE 1: George Ord, a city employee, is the vesident engineer for
a large sewer contract. With extensive fleld cngineering experience,
Ceurge is able to suggest techniques and procedures rhat save both
time and money, although trhe work is domne strictly according to tha
plans and specs. At Christwas time, George receives a case of good
Scotch from the contractor with his greeting card attached.
May George Accept jt? Yes No

CASE 2: As plant englneer fovr Lotsa Chrome, Tnc., Jim Smith knows that
the manufacturing process results in periodic discharges of cadmium and
chrome in Deadfish Creek in concentrations which may cause serious long-
term health effecrs for downstream water users. Because Lotsa Chrome,
Inc., is marginally profitable, management has made a policy to close
the plant when and if waste water controls are required. When questioned
by the Department of Natural Resources (DHR), Jim's hoss understates the
levels of cadmium and chrome. Must Jim provide DNR the correct
information? Yes Ro

CASE 3: Paul Rown is project engineer for the state on a seven-mile urban
freeway project under contract with Smooth Paving cwned by Bill 0'Sav.
Bill tells Paul he's ordering snow tires for the company's cars and he
can get a set for Paul at fleet wholesale prices. Paul agrees and pays
on delivery. Did Paul breach the ASCE Code of Ethics?

Yes Xo

Cage 4: .Gity Engineer Paul Hopeful is convicted of filing a fraudulent
Federal Tncome Tax Return. Is there a Code of Fthics violation?
Yes No

Case 5: Vincent Laton, an experienced professional, is appointed chief
execntive officer a large metro water and sewer ageucy. The governing
board is made up of nine elected persons. Vendors, suppliers, contractors,
and even concultants have formed the habit of giving lawvish Christwmas pifts
to the agency personnel. The practice has progressed to the point where
names of people who are to receive gifts are provided these firms in
nid~November. May Vincent let the practice continue?

Yes No

Case 6: Jack Jones is chief engineer for excellent Company, a manufacturer
of recreation vehicles. Jack, who is very photogenic, is asked to appear
in TV ads endorsing the company's snowmcbiles. The ASCE Code of Ethics
provides that a member shall not endorse products of processes in commercial
advertisements. Is there an ethical distinction since Jack is responsible
for the snowmobile's engineering quality?
Yes No
Case 7: Tom Wellborn is retained by the Town of Easy Acres to design a swimming
poel. Steve Petite, a salesman for Clear Water, Tnc., provides Tom a layvut
for the clrculation and filtration equipment which includes equipment
produced by Clear Water, Tnc., Tom reproduces the layout on his plans.
Is this practice acceplabla? Yes No

Case 8: Doug, Tom and Bill graduated form State U in 1940 and were fraternity
brothers and close friemds. Doug and Tom eventually became pariners in a
consulting frim while Bill, who was class president, continued a political
career and is now governor. Doug and Tom personally contributed $500 and
$2000 respectively, to Bill's 1973 campaign. During 1974, their [irm
received three design contracts from state agencies involving $750,000
in fees over a two-year period. These facts were recently 'exposed'
by the press. Jas the Code of Ethics been violated? -

Yes No

12 EN@INEERING DESIGN GRAPHICS JOURNAL TABLE 7
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The possible responses and the percentage of
results were as follows:

- the acceptance of gratuities

- loyalty to one's employer

- poilitical contributicns and Tnfluence
- commercial product endorsements

i ) A k (1) "Refuse to write the report, because to do so
the engineer—client relationship

would be upethical” ..... 41.5%

i (2} "Write the report as directed, but refuse to
Table 3 presents the results of this survey. have your name on it as the author" ..... 11.7%

A statistical comparison of the results by (3) "Write the report, but also write a memc to
McCuen (1977} indicated that there were the boss stating that what 1is being done is

significant differences for several of the unethical — Lo cover you in case you are found
questions between the students' responses and out' ..... B.5%

those of +the professionals; Table 4 presents

McCuen's findings. {4) "Go over your boss's head and report that you

. s " 4 1%
During the Fall, 1981, tarm at Northeastern have been asked to falsify records! ..... 7.1%

University, | informally surveyed my freshmen
engineering design graphics (8.5.) students by
using the ASCE survey questions. The results are

{5} "Other" ..... 2Z4%

presented in Table 5. {We did not discuss or The variety of responses to this ﬁypoth?tica]
review any professional code of ethics before they situation seems to suggest that discussion of
responded to these questions; as a result, the ethical choices involving data fa]sifica%ion .and
responses to guestions 3, &4, and 8 - in which data valldity, empioyee—employer relationships,
reference is made to a specific code (ASCE} — may et¢. are needed among engineering professionals.
be unreliabie.) The student responses surprised me

tn their variations from the resuits obtained in Finally, surveys ware conducted in 1969 and
the earlier surveys. | wiil refrain from making 1976 at the University of Wisconsin {Smith, 1976)
any further comment, other than to suggest that to determine student expectations of course
these results suggest (once again) a need to sessions on engineering ethics. The student
include professional ethics as a toplc in responses were grouped as follows:

engineering design courses.

o
% Responses
These results suygest that axperience g

infiuences one's standards of ethical behavior. 1959 120
Indeed, these results indicate that an educationai 1. Specific Prohibitions, 48 36
effort involving both students and professional i.e., students expected to

engineers might have a beneficial effect upon learn the “rules" of ethical

members of both groups; the professicnals could conduct.

provide real-worlf industrial concerns and

factors, whereas the students could provide the 2. General notions of 38 31
idealism (some would perhaps say naivete) of professional conduct, i.e.,

yeuth, Certalnly all participants would gain from

: i responsibilities and duties.
such an interaction.

3. Enforcement procedures 0 g
Another survey of interest was conducted by
Chemical Engineering magazine 20, 21, in which a L. MNeed, relevancy, and 5 23
hypotheticai situation was described: currency (why does a code -
In the search for & new catalyst, Jay's group existi).
has narrowed the possibilities te A and 8. 5. Rationale for specific 9 g

Data, possitly erroneous, indicate B s the
proper choice. However, Jay, his boss, and
his entire group believe that A is hetter.
Jay is directed by his boss to write a report
favoring cataiyst A wusing faisified data.
What would you do in Jay's situation?

prohibitions (Justifications
for specific rules}.

ASCE Survey Results
(Percentage of YES responses)
CASE STUDY Wisconsin Illinois Univ. of Maryland {Students)
1 19 37 48
2 52 71 97
3 67 43 74
4 93 67 81
5 3 5 14
6 67 B9 31
7 74 46 41
8 28 33 52
TABLE 3

ENGINEERING DESIGHN GRAPHICS JOURNAL 13
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These resuits suggest topics or which

goals

should bke fncluded in any design course dealing
with the ethical conduct of the professional If it
is to address the concerns of the entering
student.
THE TEACHING OF ETHICS
Martin (1981} suggests that ethics courses
should improve the student's ability to
1. lidentify moral problems,
2. comprehend and critically assess arguments on
opposing sides of a situatlon,
3. form consistent and comprehensive viewpoints
based upon facts and moral considerations, and
4. express his views orally and in writing.

Some in industry have stated that the
responsibility for teaching ethics lies with the
university community, whereas those in educational
institutions have suggested that industry has the
primary responsibility for developing ethicat
(professional) behavior in engineers (Lee, 1975).
It would appear that a combined effort involving

Law schools have also discovered that the
traditional teaching formats {lecture, Socratic,

discussion) are not well-received by students
(Smith, 1977a):
Role-playing, in which students play the

characters in a hypothetical situaticon, and

Practitioner—invoivement, in which
professional attorneys interact closely with
a small group of students.

Course formats and topics couid include:

Guest {professional engineer)
(Urdang, 1968; Smith, 1977a)

presentations

Reviews of real and hypothetical cases (e.g.,

NSPE case studies {(Urdany, 19685 Mitchell,
1975)
Discussion of current (ethical} engineering

situations (Urdang, 1968; Huber, 1978}

Role-playing technigque {Smith, 1477a}

Comparisons  of different professional

societies' codes of ethics
for

Discussions of the changes {and reasons

both groups is necessary: university coursework . T P
and continuding education of the ° professional such chang?s) in prefessional societies!
engineer in the industrial world (Smith, 1977a). codes of ethics (Huber, 1978)

Coursework: Law schools have greater TEam—teaching, in “h!Ch ?nterdis?iplinéry
experience in offering coursework in professional presentations of ethical issues in design
conduct and codes than do engineering schools. courses (Martin, 1981)

Course methods can be categorized as either formal

(singie—-course) offerings specifically i

concentrating in ethical behavior as a Professional = societies can  provide

professional or pervasive (muitiple-courses}, in suppart  {as  noted earlier) for thess

which ethical Gehavior and professional codes of actl¥lties by publishing reviews of case

conduct are included (tc some extent) in atl studies  {e.g., 2 consolidated, indexed

courses. version (Smith, 1977a) of NSPE Opinjons of
the Board of ‘Ethical Review) which are

Law schools have found that the pervasive periodically updated. In addition,
approach s not as successful as the formal interpretations of engineering codes of
specific-course procedure (Brown, 1981). (OF ethics could be provided — as is done in the
course, these approaches do not have to be legal profession (Smith, 1977a}. Videotapes
mutually exclusive.) formal training in ethics has of panel discussions could alsc be provided.
peen  found to increase the overall ethical Continuing education in ethical issues
attitude of‘the (1aw sohool) participants by six of professional engineers could be supported
percent {(Smith, 1976). by both industry and the professional

societies through videotapes, seminars, and
publications. Workshops could be offered for
both managerial and engineering personnel in
ASCE Survey - Significant
Differences between professional
and student responses?
CASE STUDY Wisconsin vs. Students Illinoils ve. Students
1 Yes No
2 Yes Yes
3 No Yes
4 No No
5 Yes No
6 Yes Yes
7 Yes No
8 Yes Ne
TABLE &4
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ASCE Survey Questions
Hortheastern University Survey
Results (Percentage of YES responses)

CASE STUDY Northeastern University Freshmen

1 78

2 70

k] 30

4 60

5 30

5 40

7 60

B 48

TABLE 5

order to increase communication between these
two groups with respect to
professional/ethical behavior (Stilweil,
1975).

Finally, accreditation of engineering
schoois could include the requirement of

course offerings in professional
responsibitity and ethics; licensing of
professional engineers could include

education in these areas as a requirement.
(Such requirements are recent additions to
the legal profession (Huber, 1978).)

As Smith notes (1976), students (and
professional engineers) have ethics - but
they need a8 working knowledge of what their
profession will support ethicai decisions.)
Those of us in engineering education {and
particularly in engineering design, wherein
decisions and compromi ses in achieving
specific goals must be considered} have a
responsibility to help provide this working
knowledge.
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and
Programming Sequence
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When Autumn Quarter 13980 opened at The Ohio
State University 240 freshmen engineering students
began a new, experimental course sequence designed
to add interactive computer graphics programming
skills to their graphics and programming courses.
They were TFollowed Winter Quarter by another 120
students, bringing the total in the program to 360
of 1500  freshmen engineering students. The
sequence, consisting of three 3—credit hour
courses to be taken during consecutive quarters,
would lead each of them to write a complete
computer—-aided interactive drafting package
consisting of about 2000 lines of FORTRAN code
using Tektronix PLOT10 graphics subroutine calls.

This new course sequence grew out of a
perceived need to produce graduate engineers who
are not only computer literate but are capable of
contributing effectively in englineering
departments of industrial firms that rely heavily
on CAD/CAM to give them a competitive edge. In
response to this need the Dean made development of
interactive computing capability with graphics a
top College priority. A computer  planning
committee was created and was chaired by the
Associate Dean for Research and Administration
with representation from every department of the
College. The committee was charged with the task
of planning for the rapid development of a
comprehensive program to integrate interactive

computing with graphics across the curriculum.
Every department in the College began writing the
use of interactive computing with graphics into
their courses. Mechanical Engineering developed a
computer aided design taboratory called the
Advanced Design Methods Laboratory (ADML). This
laboratory was configqured around a DEC PDP 11/60
that has since been replaced with a VAX $1/750.
Industrial and Systems Engineering established
CAMSL {Computer Assisted Hanufacturing and Systems
Laboratery) that now uses a PDP 11/60, a PDP
11/34, and a PDP 11/23. Chemical Engineering
replaced their aging PDP 11/15 with a VAX 11/780
for their Process Control Laboratory  (PCL).
Electrical Engineering replaced a Marris Datacraft
with a VAX 11/780 and added a PDP i1/70 as well as
a number of small minis and micros. The first
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serves research needs only while the others are
for both research and teaching. Their department
alane has over 30 separate CPy:s, Every
department in the college has stand-alone
computing facilities, most with some graphics
capability.

It became apparent very quickly that if the
students were to be able to perform effectively in
these new laboratories and courses they would need
to receive formal training in programming and use
of interactive computer graphics equipment.

The Department of Engineering Graphics had
two required courses in the catalog for all
engineering students. One  was Engineering
Graphiecs 110, a five credit hour ane quarter
course in engineering drawing and descriptive
geometry normally taken at the freshman level.
The other was Engineering Graphics 200, a three
credit hour course in batch mode, structured
FORTRAN programming with WATFIV normally taken at
the sophomore or junior level. Since no other
engineering department was teaching either
araphics or computer programming to engineers on a
formal basis, Engineering Graphics was asked to
add both interactive computing and interactive
computer graphics to its cury iculum.
Developmental work began and  the first
experimental course sequence was presented to a
selected group of 120 students in 1978. The new
sequence was numbered EG 294X, 294Y, and 2942 and
consisted of three courses of three credits each
(six contact hours}. The numbers were
experimental course numbers and have been replaced
by EG 141, 142, and 143. It is intended that the
sequence will be taken during the freshman year
and, if necessary, could be completed early in the
sophomore year.

produce graduate engineers
who are

literate and productive

for firms that rely on CAD/CAM

Equipment

The equipment available at the beginning of
the program consisted of a Hewlett Packard 2115A
CPU, a CalComp plotter, and a Tektronix 4010
graphics CRT. A dial-up line to the University's
Instruction and Research Computer Center provided
access to their Amdahi.

Using the experience gained from this first
effort, a decision was made in the spring of 1%79
to replace this equipment with a new pilot student
laboratory consisting of four Tektronix 4052
stand-alone graphics CRT's multiplexed to a
Tektronix hard copier to provide hard copy output.
The course syllabus was revised and a total of 120
students enrolled in the program in 1979. &
number of problems quickly surfaced. Chief among
these was that the students were required to learn
structured FORTAAN but the graphics equipment
supported only BASIC. This meant that they also



had to - learn BASIC and had to use the two
languages simultaneously in their course work.
While learning and using two Tlanguages is not
normally a serious problem it proved to be
unworkable for freshmen level students with no
previous programming  experience. It became
apparent that the department would have to
standardize one language. & knowledge of FORTRAN
would be required for the students' work in their
chosen degree programs so the decision was made to
standardize FORTRAN and PLOT10 as the programming
and graphics languages respectively.

INTERACTIVE COMFUTER GRAPHICS LABORATORY
ENGINEERING GRAPHICS DEPARTMENT
THE OHIC STATE UNIVERSITY

HARDWARE CONFIGURATION

INTELLIGENT
DUAL CARTRIDGE FLAT BED PLOTTER
RISKS
56 M BYTES MINICOMPUTER
1 MBYTLC

< 7"

DUAL FLOPPY DISK
1MBYTE

——

GRAPHICS CRT
DIGITIZER
usi

PRINTER

CPuU-DEC POP II/44
DISKS -0UAL RKOT- CARTRIDGE, DUAL RXO2-FLORPY
OFPERATING STSTEM- RSX-1IM
GRAPHIC CRT - LEAR-SIEGLER ADM- 34+
DIGITAL ENGINEERING RG-5/2 PC BOARD
TEKTRON{X COMPATIBLE
PLOTTER~ HOUSTDN INSTRUMENT OMF-4 SMART HiPLOT
DIGITIZER-HOUSTON INSTRUMENT HIPAD
PRINTER- PRINTROKIX P&0O PRINTER/PLOTTER

FIGURE 1
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FIGURE 2

A third generation pilot 1laboratory, to be
called the Interactive Graphics Laboratory (IGL},
was planned and configured around two Digitail
Equipment Corporation computers, a DEC 11/44 and a
DEC 11/60 with dual RKO? bhard disks, dual RX02
floppy disks and a Printronix printer. 15 Lear
Siegier alphanumeric terminals equipped with
Digital Engineering graphics boards that permitted
them to emulate Tektronix 4010 terminals were
selected for the student work stations. They were
equipped with four—button control pads to drive
the graphics crosshairs. Each of the 15 work
stations was equipped with a Houston instruments
11 In x 11 in (280 mm x 280 mm) digitizing tablet.
These were connected to the auxiliary port on the
terminals and used in point mode only. Figure 1
shows the schematic of the hardware configuration.
See Figures 2-4 for photographs of the hardware.
Five Houston Instruments 8.5 in x 11 in {216 mm x
280 mm) X-Y pen plotters were provided for shared
use. By the end of Winter Quarter it was seen
that additional work stations would be needed. 10
DEC VT100 alphanumeric terminals were added to
provide added program preparation capability.

FIGURE 3

A severe restriction of the 11/34, 11/44, and
11/60 became apparent during the Spring Quarter in
the third course of the sequance. These machines,
operating under a multi-user operating system, RSX
11-M, limited available memory per user to 6GUK
bytes. Students in the third course generally
required more memory space, With the result that
they were faced with consolidating their programs
and, in many cases, were not able to complete
their assignments.

That probiem, coupled with the announcement
by DEC of a small VaX {11/750) at an attractive
price prompted the decision in late 1981 to
convert to use of VAX hosts. Becordingly, when
equipment money became available, an order was
placed for a new VAX 11/750 and a second order was
placed to upgrade the 1i/4kL to a VAX 11/750. The
new 11/750 was delivered in time to be placed on
line for use Spring Quarter 1982. Upgrade of the
11/44 was scheduled For the Summer Quarter 1982 so
as to preciude having both hosts down at the same
time.

ENGINEERING DESIGN @RAPRIGS JOURNAL 17
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During the Spring Quarter 3982, 14 terminals
{10 with graphics) were available on the VAX and
i5 terminals (all graphics) were avallable an  the
11/44. For Adtuan Quarter 1982 approximately 30
terminals will be available, The new terminals
are DEC VT100's with graphics boards that offer
the same resolution as the lear Siegler terminals
but can be repaired locally. They are ailso
capable of being converted to standalone 16 bit
micracomputers with the addition of a disk
controlier and disk drives.

The current cost of a wark station is
approximately $7006 to 310,000 depending on the
terminal and computer. It is anticipated that the
new 16 bit microcomputers will allow a network of
microcomputers linked to minicomputers. This
conflguration  should reduce the cost of the
individual work station. The maintenance and
operating costs are discussed below in the secticn
on budget,

FIiGURE &

FIGURE &
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The Course Sequence

Autumn Quarter 1980 The entering students
enrolTed in Engineering Graphics 294X were divided
into eight sections of 30 students each. During
the first three weaks they concentrated on problem
solving techniques. They were presented with
elementary engineering problems in narrative form
and were required to prepare a complete manual
solution fncluding a statement of the given
information, what was required, an algorithm For
manual solution including derivation of any needed
equations, and finally the solution itself. The
last seven weeks of the quarter were spent
learning the FORTRAN language and analyzing, flow
charting, and coding computer programs to solve
problems simiiar to the ones they had solved
manually. All programs were key punched and were
run in batch mode on the Amdahl at [RCC.

Concurrently  with problem solving and
computer programming exercises, the students were
given homework assignments designed to teach them
to visualize and sketch three dimensiona) objects.
Assignments included completion of missing=line
problems, sketching isometric views given a
three-view corthographic projection drawing, and
producing an  orthographic  sketch given an
Isometric drawing. In order to use the system to
help the students fearn orthographic
representation, a program was developed to display
a pictorial and then to dispiay the outiine and
details of the orthographic views of an object as
the student selects it. See Figure 5. This
program was wWritten after the Autumn Quarter and
was used during Winter Quarter.

Winter Quarter 1981 Of the original eight
sections that started Engineering Graphics 294X ip
the autumn, seven sections or about 210 students
went on to 294Y Winter Quarter. They were
immediately faced with a number of new challenges.
First, their programming experience to this point
had all been on the Amdahl using punch cards for
input and a line printer for output. They would
now be werking in the Interactive Graphics
Laboratory, entering their programs from the
keyboard of a2 CRT terminal. Consequently, - they
were reguired to learn an editor and file handling
technigues as well as programming techniques to
permit interactive communication from the keyboard
during program execution. Second, they had to
adapt to and Tiearn the peculiarities of a
different version of FORTRAN. They had learned
structured FORTRAN with WATFiY in the autumn using
the WATF!V compiler. Mow they had to use DEC's
FORTRAN IV PLUS without the ceonstructs and other
WATF IV extensions and diagnostic messages and with
some variations in syntax. Additionally, they had
tc adapt to the use of a 16 bit word rather than
the 32 bit word they had been using. Third, they
had to Tlearn the PLOT10 graphics  conmands.

Fourth, in addition to  computer graphics
programming topics, they were taught descriptive
geametry, orthographic projection, i sometric
drawing, dimensioning, and  some graphical

analysis, They completed a total of 93 plates of
which 38 were sketches and the remaining 55 were
done with instruments. The computer graphics
porticn of the syliabus fincluded five programs.
The first was a small nongraphics, interactive
program that would read a set of three line length
values from a file; analyze them to determine



whether they could form a triangle and, If so,
what c¢lass of triangles print out the results of
the analysis; and repeat for additional sets of
values until the input File was exhausted. This
program was designed to familiarize the student
with the system and the editor. Consequently the
code was suppiied and had only to be keyed In,
compiled, and run. The second program was an
exercise in the use of MOVE and DRAW commands.
The program was to read pairs of data points from
a system file and, using them as arguments for
MOVE and DRAW subroutines, to complete a simple
drawing on the graphics screen.

The third program was to read in  data
consisting of coordinates of the center and one
vertex along with the number of sides of each of
several regular polygons and, using this data, to
draw the polygons on the screen. In addition to
drawing the polygons, the program was to draw a
porder and title block and was to fill in the
title block with character information entered
from the keybcard during program execution in
response to prompts that were output to the screen
by the program. Program structure had to be such
as to obtain all title block information and then
ciear the screen prior to doing the drawing.
Extra credit was allowed if the program correctly
CLIPPED the polygons to preclude drawing into the
title block.

Program number four was to draw a bar graph
to present production data for a hypothetical
firm. A separate bar was to be drawn for the data
for each month of the year. The program was
required to read all data and calculate a scale
factor such that the longest bar would be the full
hefght of the chart. Qutput had to be a complete
chart including labeled and scaled axes, and a
chart heading. Axis jabels and the chart heading
were read from a fFile during program execution.

The fifth program was a piecewise chart of up
to five different sets of data. The data points
for each set of data had to be uniguely identified
with small geometrical shapes drawn around each
point. As with program four, all necessary
character information was read from flles and
output to the chart.

Spring Quarter 1981 A total of six sections
or about 1B0 of the original group of 240 students
enrolled in Engineering Graphics  29kZ. The
syllabus for this final course of the sequence
covered three conventional graphics topics. They
were dimensioning and tolerances, sections and
conventions, and assembly drawings. In addition,
the students were assigned in teams of five or six
students to study opesn—ended multiple-solution
problems, develop proposed solutions and present
and defend their proposed solutions orally in
class. They were to use appropriate visual aids
including charts, diagrams, and drawings produced
by the team. Their computer graphics assignment
for the quarter was for each student to produce a
complete  computer aided interactive drafting
package suitable for use by a nonprogrammmer. The
program was to be menu driven, employing a main
menu and eight sub-menus as specified In the
problem description. All menu selections were to
be made using the graphics crosshair. The eight
sub—menus provided respectively, points, lines, a
variety of polygons, various symbols such as arrow
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heads and circuit elements, a selection of
different 1line types, a choice of dot grid
backgrounds to serve as drawing aids, Instructions
and prompts, and plotter or printer—plotter
cutput.

Data for all drawing elements was to be
stored in arrays and the system was to be capable
of duplicating or deleting any point, 1line, or

figure and of erasing the entire screen and, using
the stored data, re-displaying all material that
had not been deleted.

The students were instructed in techniques
for large program design including tep—down
programming, creation of efficient modular
programs, and techniques for data storage and
retrieval. Lecture topics also included
techniques for identifying points, 1ines,
polygons, or symbols using proximity search
techniques.,

bue to the size and complexity of the program
it was anticipated that many of the students would
not complete the entire package. This proved to
be the case. While several did complete the
package, the average student finished about 80
percent of the routines.

One reason for some students'! f{pability to
complete the entire package was seen in retrospect
to be predictable, but was not anticipated at the
outset. HMany of the students' programs were too
targe to reside in the 64K of main memory to which
they were limited due to the design of the DEC PDP
11 system. As a result they were not able to link
all routines intc a single task module for
execution.

& number of factors contributed to their
creation of outsized programs. Chief among them
were

1. Inefficient program design and coding
techniques that led to generation of large
amounts of excess code. This can be expected
of students at this level,

2. Dimensioning arrays larger Lhan needed or
using real rather than integer variables as
array elements when integer wvariables would
serve. Real wvariables on the DEC PDP 11's
require four bytes per wvalue while integers
require only two bytes.

3. lsing sequential access rather than direct
access input files wWith the result that the
entire file had to be read and stored in
memory rather than reading individual records
as needed. Additional imnstruction in use of
direct access files would help to alleviate
this problem.

4. Lack of instruction in overlaying jarge

" programs. The need for instruction in this

area was not recognized in time to include it

as a Jecture topic. This finstruction was

added to the course syllabus but now has been
removed because the VAX was installed.
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The Second Year 1981-82

A complete review of the program  was
conducted at the end of the Spring Quarter and a
number of changes was added to those that had been
made during the year. Since the first two courses
of the sequence had been taught twice by this
time, there had been an opportunity to incorporate
more changes into them than into the third course.
The activity-time charts in Figure & show topics
and where they are taught In the sequence. & line
in the box means activity in a topic. A high iine
means dalily instruction while a low line means
assignments directly in or pertaining to a topic.

The primary changes made to the first course
from the first year to the second year were to
expand  and  strengthen  the instruction in
problem—-solving techniques to include the
affective use of flow charting and to introduce
array variables and the use of subroutines earlier
and in more depth. Compared to the pace in EG
110, the strength in the new sequence appears to
be the siow, stepped approach in learning graphics
and programming topics. As an exampie, three or
four orthegraphic or isometric sketches are
completled and graded each week during the First
course. In EG 110 this topic is covered in four
calendar days. The programning toplcs appear to
benefit as weil.

Changes made in the second course built on
the additional array handling and subroutine use
abilities of the students to develop more moduiar
programming techniques. The top—down approach was
stressed. Students wers required to flow-chart
all programming problems. in order to reduce the
progamming effort, programming problems contained
elements required for the problems in the third
course,

Use of a digitizer tablet as an input device
was incerporated into the third course by
requiring that it be used for the program menu.
Menu  sheets were permanently affixed to the
digltizers and the students were required to code
routines to map the locations of the various menu
boxes to a selection algorithm that would call the
desired action subroutines, also written by the
students, to perform the selected task. The menu
ts shown in Figure 7. As in the Spring Quarter,
each student was required to write a complete
menu-driven user oriented graphing package.
Program sizes were reduced somewhat by eliminating
features of the package that were Jlargely
repetitious and thus of less instructional value.
The resulting  programs would fit into the
avaiiable memory in almost all cases.

A sign of the effectiveness of  the
restructuring of the entire sequence was that the
students experienced less frustration and most of
them completed their assignments.

When the individual student projects were
completed, each class was organized inko teams of
five students. Each team was then given an
opportunity to select a number of additional tasks
Lo be completed as a team project and incorporated
into one of the individual programs that had been
done by a team member. The team decided which
member's  program to use. This approach proved
effective since the teams selected what they were
interested in working on., However, once again,



program size outgrew memory available to the user.
Consequently, it was necessary to give instruction
in overlaying programs. The approach was to
present a relatively simple type of overlay. The
students, however, tended to have considerable
difficulty with overlaying their programs.
Upgrade to  the laboratory host computers,
ment ioned earlier, solved that problem since the
YAX hosts don't have the 64K per user limit.

Further reductions in prodram size were made
by having the students do only points and lines
routines as part of their menu driven programs.
The students had written routines for rectangles,
polygons, circies, and arcs in the second course.
They were allowed to add these to their individual
package for extra credit. However, prompts and
mode indicators were required while they had been
optionat in prior quarters. The net effect was a
program Jarge enough to require top-down, modular
programming and yet only provide enough repetition
of a particular type of routine to reinforce
concepts.

Operating Budget

The operating budget for the IGL has three
maln compcnents: personne!, hardware maintenance,
and supplies. During the first year of operation
this budget was approximately $100,000. This was
subdivided into 40% for hardware maintenance, 40%
for personnel, and 20% for supplies and
miscellaneous. Each additional station and its
accompanying users increases the cost of running
the labcratory. Each additional different station
or computer operating system or graphics package
increases the unit additional costs by at Jeast
50% more than the cost of maintaining only one of
each type. However, the rapid development of new
and exciting software and hardware will cause
every laboratory to face the problem of multiple
systems. Minimizing the number of different
systems or staying within a family of systems does
help keep the costs to a reasonable level.

The operating budget for the second year was
approximately $130,000. The budget for the third
year is to be approximately §$160,000 with the
following percentagess personnel ~ 35%, hardware

maintenance - 43%, and supplies and miscellaneous
— 22%.
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Summary

To date three groups of students have
completed the entire sequence. Thus, the entire
sequence has been taught three times. Changes
were made in the sequence between the starting of
the first and the second group. A complete review
of the program was conducted at the end of Spring
Quarter 1981 and a number of additional changes
have been ifncorporated in the syllabhi for 1981-82.
Reviews are now underway for the 1982-83 wversion
of the course sequence.

The sequence has been deemed successful and,
whiie changes will continue to be made to
fine-tune the program to the students' needs and
abilities, most changes will be relatively minor
and willt be evolutionary in nature. The strength
in the sequence is the longer time period
available for absorption of information and
reinforcement of topics. In the future more use
will be made of user oriented programs now under
development to provide additional experiences in
graphing, descriptive geometry, and orthographic
drawing.

The College has made a strong commitment to
expand the new sequence to provide interactive
computer graphics education to the entire freshman
class of 1800 students annually. To de this it
will be necessary to expand the current
Imteractive Graphics Laboratory to five times its
present size. The cost of  constructing,
equipping, staffing, and operating a laboratory of
that size is a budget item of major proportions in
a period when funds for education are scarce.
Perhaps the most difficult task, however, is
recruitment of a strong computer graphics teaching
faculty of the size necessary to meet the
projected course load of 50 sections per quarter.
The chosen alternative is to recruit faculty with
strengths in one or two of the three areas of
graphics, computar programming, and  computer
graphics. They are then provided time to audit
and learn the new material or to strengthen a weak
area.
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FtGURE 1

Antero-posterjor (frontal) and Jlateral (in
profite) radiographs should confirm that the
desired coverage of the femoral head has taken
place after these rotations have been performed.
The correct selection of the three angles wili

Introduction
thereby be confirmed,

This paper sets forth a geometrical solution The upper {proximal} part of the femur should
for three-dimensional reorientation of the femoral be brought to this new desired position by means
head in Legg Calve Perthes disease. The problem of:
was posed by the Head of the Orthopaedic
Department of the Kothschild University Hospital a. a single cut (Figure 2) of the femur ,
in Haifa {lsrael}, Ur. D.G. Mendes. He and his spatialiy related to the 1ilong axis of the
colleagues, Dr, M. Rofman and Dr. 5. Liberson, had femur and the frontal, sagittal (profile} and
been engaged in working out the methodology of an transverse (horizontal) planes

oblique osteotomy for the above mentioned disease.
b. rotation of the upper {proximal) part of the

Reorientation of the femoral head within the femur relative to the lower (distal) part of
acetabulum in Leyg Calve Perthes disease is often the femur through a certain angle about an
carried out by means of a femoral osteotomy and axis perpendicular to the plane of the cut
then confirmed by an antero—posterior (frontal) {designated ‘screw axis')

radiograph. The new concept is that such an
osteotomy shouid be a three-dimensional one. A
reorientation of the femoral head by means of a
three—dimensicnal osteotomy should be carried ouk
for the laterally (in profiie) and anteriorly
{frontally) displaced and uncovered femoral head.
The aim here is to preveat deformation of the

“biologicaily softY femoral head due to the
Impingement on it of the acetabular rim (Figure REORIENTATED
1). The desired three—dimensional correction for FEMORAL HEAD
a given patient is determined pre—operatively

under lnvestigative fluoroscopy.

The new position of the femoral head can be
achieved as a result of the following three
successive forms of the hip: PROXIMAL

i. filexion {or extension - in the opposite EWJH"
direction) in the sagittal (profiie) plane to
a certain angieg

. N DISTAL
2. abduction (or deduction - in the opposite PIN (2},
direction) revolution in the frontal plane to —
a certain angle;
3. rokation - revolution about the loading axis
of the femur to a certain angle.
FIGURE 2
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A singie oblique cut eltiminates the need for
the removal of a wedge which is now an acceptesg
procedure in femoral osteotomies. The oblique cut
gives a good surface contact, which Facilitates
earlier bane union and reduces the shortening of
the femur by comparisaon with the usual procedures.

Main Geometric Problems

Based an the above description of the desired
three—dimensianal rearientation, we can now
formulate the following geometrical problems:

A. Given a solid body (the femur) in a certain
pesition in space —

1. To find the intersection plane that cuts
this bedy into two pieces so that the
upper part, when rotated about an axis
perpendicular to the intersection plane by
a certain angle B , will be in a
predetermined positiaon.

2. To find the required angle of rotation

e .

This predetermined position should be the
final position of the upper part if it is
flexed, abducted, and rotated through certain
angles . & . A2  pre-cperatively
determined by the surgeon (see Introduction).

B. To facilitate the work of the surgeon during
the operation, two auxiliary pins should first
be dribtled into the femure above and belaow the
proposed cut. The lower {distal} pin should
be perpendicular to the femur in a common
frontal plane with its long axis. The probiem
is to determine the spatial position of the
upper {praximal} pin so that after cutting ang
rotating the upper part of the Ffemur (see
Problem A) both pins will be parallel.

Geometrical Model

In a mathematical approach to the solution of
the problems formulated we use a geometric model.
Figure 3 shows the chosen model: a planar
configuration ABECD formed by two coplanar
triangles with a common  apex & in the
subtrochanteric area of the femur. Apex C of the
upper triangle coincides with the c¢enter of the
femoral head. The apexes A and B of the lower
triangle are the femoral epicondyles. The plane
of intersection should pass through the common
apex €. The common median MW of the triangles ABE
and CDE is bhere designated the long axis of the
femur. The line joining the apex L with the lower
endpoint of the median M is designated the loading
axis of the femur (i), The angle between these
two axes is the vaigus angle of the femur.

Solution of Problem A

The initial position ABECD of the model is
the frontal one. In Figure 4 the model is shawn
in orthographic projections; only the bases #B
and LD and the common median Mh containing the
point E are drawn. The steps of the salution are
as follows:

AUTUMN 1962

A. The first rotation of the model (flexion) to
position A B'CD{E') takes place about an axis
passing through point L perpendicular to the
profiie (sagittal) plane. The true angle ¢
of this rotation can be seen in the profile
projection.

B, The second rotation of the model (abduction to
position A B°CD (E”) takes place about an axis
passing thraugh point € perpendicular to the
frontai plane. The true angle,&, of this
rotation is shown on the frontal projection
plane.

LONG AXIS
OF THE BONE

==1C;

FIGURE 3
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€. The third rotation to position K5b5CDB(E5)

takes place about the loading axis i. Two

successive ausiliary projection planes are

used to achieve this position. The true angle

of this rotation is shown on plane 5. The

Final position A B*CD®(E®) corresponds to the

position of the teg of the patient flexed,

abducted and rotated to the pre—operatively
determined angles ¢ . & , and © .

b. Starting with point &% we now draw the dashed
triangte EYA*8% which shows the lower triangle
of the model in a frontal position {true
size). This triangle models the lower part of
the femur after the operation. i.e. after the
femur has been cut and the parts rotated
relactive to each other into the desired new
position; A ESAteT o AEas.

Z&E3N'34 will be seen to be a new position
of AEIB* after the latter has been rotated
about a certain axis j. The skew segments A° b7
and A'BY can be regarded as two positions of a
generator of a ruled hyperboloid of revolution,
and the points A®, AY and B3, BY as subsequent
pasitions of points rotated in two parallei pianes
perpendicular to the axis (see Figure 5). The
trajectories of these points (arcs of two circles)

FIGURE 5

are located in_ these parallel planes. Two skew
tines A%A% and 8%8% (shown dotted in Figures 4 and
5) daetermine a singular pair of parallel planes
which are the above mentioned trajectory planes.
The axis of rotation j, therefore, should be
perpendicular to the skew lines, 1I1.e. to the
paraliel planes determined by them.

The orthographic projections of the axis J
are obtained by drawing perpendiculars to the
relevant projections of auxiliary horizontal and
frontal lines located in one of the above

T
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ment iened parallel pianes, namely, that determined
by the line A°A% and the auxiliary line parallel
to wut passing through point A3 (Figure &4}.

The plane of intersection {cut} must be
perpendicular to the derived axis Jj+ so that both
parts of the femur will remain in <¢ontact when
rotated relative to each other.

To find out the true value of the angle &

to which AE?A°E® ShouTd be rotated about the
axis j to the position Z}EEA“BH we use two
successive auxiliary planes § and 7 respectively
parallel and perpendicular to  the axis j. dn
plane } we obtain the true angle § . The
projection on plane 7 is also used to check the
accuracy of the graphical _construction. The
frontal projection of the AEA%B? is a result of
many Successful geometrical manipulations. The
frontal projection of Aedatet  was  drawn
accerding to the original dimensions of the model.
The prajections of these twa triangles onto plane
7 must be congruent.

The original drawing of Figure 4 was made to
scale of 1,5:1 and the resuiting accuracy was
within 1%, which in this case is more than
sufficient.

Solution of Problem B

To find out the position of the upper
proximal pin {1) at the beginning of the operation
we draw both pins in their Final position in the
orthographic  projections: two paraltlel thick
dashed lines 1 and 2, starting with points on the
long axis of the femur (Figure 4). From an
arbitrarily selected point on the upper pin (1) we
drop an auxiliary perpendicular onto the ACDPE?,
we fix the piercing point, and then find the true

e
e ¥ ERARE]

PROXIMAL | 4;(? N
ey il X

SECTION |
PLANE

FIGURE 6
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tength of the perpendicular {Figure 4). Kow we
draw the model of the femur in its initial
position, i.e. paraliel to the frontal projection
plane (true size) (Figure 6}.

This position corresponds to the position of
the hip of the patient at the start of the
operation. Pin 1 is drawn in the above determined
relation to ACUE by means of a perpendicular
erected from the piercing point found earlier.
The two angles ¥ , & 5o obtained can be used to
describe the direction of this pin (Figure &).

based on thnese angles a stainiess steel jig
is constructed to direct the drilling of both pins
into the femur during the operation.

Determination of the Hip Position
During the Uperation

Surgeons prefer to cut the femur in a
vertical plane. Therefore when the patient is
lying on the operating table his 1leg should be
rotated through a certain angle O, to obtain a
vertical position of the plane of section. This
will happen if the leg is rotated te a pesition
such that the awis j is parallel to the operating
table. This angle O is obtained in true size on
the horizontal projection (Figure &) where the
axis is shown in the originai {transferred from
Figure &) and in rotated positions. The edge view
of the plane of sectlon is perpendicular to the
prejection j5. We thus obtaln the frontal
projection B of the angle betwzen this plane and
the long axis of the model.

Practical Uutcome

As a result of the proposed method, the
surgical technique is based on only Four angles:
.8 +¥ + & - These angles will be taken
from specially prepared tables according to the
pre—operatively determined flexion, abduction, and
rotation angles.

it should be noted that For the first time in
the performance of this operation. the resuitant
shortening of the leg can be estimated peforehand
{see Figure 4}.

Exper imental operations on  bones twice
carried out in the operating theatres of the
Rothschild University Hospital in Haifa and in the
General Hospital in Johannesbury.  Some of the
results of this paper were presented at the
scientific seminars in the Orthopaedic Departments
of the University Hedical Schools im Haifa and
Johannesburg.

A cut femur., together with drawings and
pictures iliustrating the proposed method were
also exhibited in Atlanta (USA) at the 47th annuai
meeting of the American Academy of Orthopaedic
surgeons 1980, and evoked great interest.

The First operations following the described
method took place on 2Zhth March and 23rd May 1981
at the Loronation Hospitai in Johannesburg. The
patients, six and five year old boys repectively,
suffered from Legg Calve Perthes disease. Femorai
osteotomies based on the above theoretical
procedure, were performed by the surgeon
Dr. M.Rofman in collaboration with the author of
this paper, with most satisFactory results.
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Industrial Models: a team project approach
in teaching engineering graphics

faces. Sctudent experiences in building

models serve to clarify the relationships
between the drawing and the finished produck,

In the opinicn cf the author, learning ex-
periences of this type play a key rele in in-
fluencing many students to choose, ox stay with,
engineering as a career goal.

Models are widely used in industry and although
most observers find their miniaturized, tay-—
like appearance intriguing, few fully appre-
ciate their value as engineering tools in pro-
ject design, planning, and construction.
Examples of their increasing use may be found
in material :handling and process operations in-
volving petroleum, chemicals, mining, foods,
and natural gas. Because models vividly por-
tray complex 3-dimensional concepts, they ars
universally understood. Large firms frequently
organize specialized engineering teams or ''task
forces" for projects involving both drawings

. and models. After the project is completed
ABSTRACT the model may still be useful for planning
future modifications and expansion or it may
"retire" as an attractive public display.

Figure 1.

This paper describes an instructional approach
which was developed to introduce advanced
technical drawing students at Athens Drive
Senior High Schocl in Raleigh, N. €. to crga-
nizing and conducting a simulated engineering
team project. The drawings and resulting
industrial model {figure l.), all produced by
students, served as a medium and focal point
for the project. ©Since this method was con-
cerned with orienting advanced students to the
engineering field and exposing them to the
team approach, it may have potential for use
in engineering graphics programs.

RATIONALE & OBJECTIVES

Many of us can recall the fascination of lay-
ing out the surfaces of geometric shapes at
the drawing board and than developing card-
board models of pyramids, cones, pipe elbows,
intersections or transition pieces from the

patterns. In this regard, there is nothing

new about model building as an integral part William A. Ross

of engineering drawing courses. Model build- Graphic Communications

ing has leong been established as a valuable North Carolina State University
instructional aid in relating three-dimen- Raleigh, North Carolina

sional visual thinking to two-dimeusional sur—
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Few students are exposed to model building in
their formal educatlon., Traditionally, lack
of class time, relative instructional value,
facilities, cost, available instructicnal
materiala and background of instructer are
some of the factors which limit the use of a
drawing-model building approach. Additional-
ly, industrial model building is thought of a=s
a highly specialized and technical field out-
side of the scope of mest drawing courses.
This 1s unfortunate because there is much
potential here for introducing drawing stu-
dents to engineering and teamwork while, most
importantly, relating the project to the
development of graphical skills and visual
thinking abilicy.

The statements and observations mentioned thus
far served as a rationale for developing the
following objectives to be realized in utiliz-
ing the drawing-model building team approach.

1. Tc improve 3-dimensional visual think-
ing ability and drawing skills.

2. To involve students in organizing and
conducting a simulated engineering team pro-
ject requiring them to interact and cooperate
in achieving a common goal.

3. To expose students to industrial
models as a visual design tool used in engineer-
ing.

PREFARATION FOR THE PROJECT

The underlying instructicnal problem was to
incorporate the above broad geals into an
instructional package which matched student
ability as well as one which was concise,
economical, realistic and compatible with the
scope and sequence of a drawing course. Fol-
lowing is a summary of the major items con-
sldered as prerequisites to initiating a learn-—
ing experience of this type:

1. Student Preparation: Students in-
volved in these projects were enrolled in
Technical Drafting IT and had previously com-
pleted at least one year of basic technical
drawing. Students recelived a unit of instruc—
tion in intersection and development drawing
prior to the project and each student had at
least one experience in constructing a card-
board model of an elbow or transition piece.

2, Project Selection and Scope: An
industrial system was chosen which could be
easily identified by students and one which
could be broken down into geometric components,
Specialized disciplines of engineering 1ikely
to be involved in the design and construction
of the system, such as mechanical, structural,
piping, chemical and civil were dascribed to
the students and served as a basis for organiz-
ing students into teams. In carrying out the
project, however, greater emphasis was placed
cn "visual thinking"” and geometric form cham
on function. The project had to be realistic
and .complex enough to challenge and involve
all students, yet simple enough to be under-
stood and completed in a relatively shart
time. The refinery project shown here (see
figure 3.} involved 18 students and required
approximately 42 hours of class time.

28 ENGINEERING DESIGN GRAPHICS JOURNAL

3. Schematic Drawing: A preliminary
plan view of the entire system {(figure 2.} was
drawn to determine the size and secale of the
model. This initial drawing was prepared by
students from sketches furnished by the in-
structor and included key elevation heights
for ranks, frames and pipe center lines. The
schematic drawing was then used te prepare a
list of all required drawings, elevations,
plans, details and patterns sufficient teo
visually describe the system layout in detail.
This list of required drawings also served as
a basis for assigning drawings Lo teams and
individual students. A total of 27 drawings
were required to describe this system.

4. Project Schedule: A project progress
schedule was prepared next {(figure 3.). The
reader should note that this schedule is
similar to standard bar charts as used in con-
struction projects. All phases of the project,
the sequence of activities and projected dead-
lines are listed. The schedule was highly
useful throughout the project for it enabled
students and instructer to monitor each phase
and activity of the project.

5. Materials and Facilities: Wood and
catdboard were chosen as wmodel building mater—
ials because of their availability and economy.
The total cost of this project, including all
accessories such as glue, paint and hobby
knives, was approximactely 540.00, Other than
the usual classroom drafting equipment and
supplies, the only special facility required
was the scheol's woodshep in order to cut and
dress wooden strips te scale for structural
shapes.

CONDUCTING THE PROJECT

Possibly, the most important phase of this pro-
ject was orienting and involving students.
Explaining the problem clearly, organizing
teams and spreading the workload falrly were
among facters to be considered. Each student
needed to feel a positive sense of responsi-
bility to a "tean" whose overall objective
could only be accomplished chrough interaction
and group effort. Specific activities and
deadlines listed on the "Project Schedule",
figure 3, served as an outline for conducting
and monitoring the project. The imstructoer's
role throughout the project was that of project
manager, resource person, facilitator, and
sometimes, arbitrator. Throughour the project,
it was found especially important for the in-
structor ro be flexible in adjusting the pro-—
ject's schedule and in keeping student work-
loads balanced.

The final stages of the project are illustrated
in figures 4, S, and 6, Figures 4 and 5 show
students involved in checking drawings and
working on model components. The photos also
serve to depict the relative size of the model
as well as the drawings. After all model com-
ponents were checked for accuracy, they were
laid out prior to final assembly as shown in
figure 6. Figure 7 shows one corner of the
finished model and illustrates the importance
of having all 18 students working together to
make drawings agree so that model components
would inter-relate and fit.
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PROJECT SCHEDULE

TITLE & DESCRIPTION: REFINERY SYSTEM, *One Class Period =

Design Model & Drawings 100 minutes

DATE [15" Week f2"d 3% 4fh 5"
PHASE ACTIVITY ok

*®

A. Schematic Drawing, Proposed
Description of Project
and Obiectivesg

Actual

B, Engineering Teams
Organized & Duties
Asadigned

4., Drawings of Overall
System; Elevations &
Plan

B. Drawings of Individual,
Component Systems

IMPLEMENTATION

I.

1. PFiping System &
Valves

2. Structural Frames,
Supports, Catwalks
& Laddexs

3. Storage Tanks &
Refracteory Tower

C. Pattern Drawings

l. Piping & Elbows

DRAWING

.

2, Storage Tanks &
Refractory Tower

A, Construction of Model I

Components

1, Bage & Structural .

Frames

2. Pipe Lengths &
Elbows

3. Storage Tanks &
Refractory Tower

MODEL BUILDING

4 Catwalks, Hand-
railing, Ladders &

Yalves
Trial Assembly, Modifi-
cations, & Drawing
Revisions

C. Painting, Primer and’ - .

Finish Coats

III.
[

A, Print & Compile Com-
plete Set of Drawings

B. Final Assembly of
Model & Clean Up

EVALUATION

(]

Evaluation, Feedback
& Discussion

Figure 3.
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Figure 4.

Figure 5.

REACTION AND ASSESSMENT

The reaction of students involved in this pro-
ject was highly positive once they understood
their role in the overall project. The time
frame imposed on students plus the required
interaction and teamwork helped to create a
cooperative and dynamic classroom atmosphere.
Since all drawings and model had to fit ctogether
as a system, nearly all classroom activity was
engrossing and required much attention to de-
tail. An indicator of the interest generated
is the fact that on several occasions, students
had te be runm out of the é¢lassroom.

An evaluation of student achievement was con-
ducted at the clese of the project. Evaluation
was based two—thirds on individual drawings

and model components and one-third on teamwork,
participation, interaction and meeting dead-
lines. Evaluation of '"teamwork" was largely
subjective and, therefeore, difficult

Even though this project provided an engaging
learning experience, the author does not mean
to imply that industrial model projects are a
panacea for all engineering drawing courses.

Following is a partial listing of advantages

and disadvantages observed in using this in-

structional method:
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ADVANTAGES

1. Expanded students' knowledge of
drawing and visual thinking into a broad new
area.

2. Required students to meet deadlines,
much as would be expected in industry.

3. Organized and compressed a complex
activitcy into a feasible time frame, divided
major tasks into shared responsibilities .and
required interaction and teamwork.

4. FPEmphasized engineering drawing as a
realistiec and necesgsary activity im project
planning.

5. Resulted in a tangible finished pro-
duct which was both wvisible and interesting.

6. Introduced students iInvelved in making
career choices to the field of engineering.

DISADVANTAGES

1. Preparation for the project, especi-
ally the first one, was time-consuming.

2, sStudenrs required prequisite ex-
perience in intersection and development draw—
ing and construction of cardbaard models from
patterns.

3. Lt was difficult to keep all students
equally involved, due partly to the seguence
of activities.

4, The project had to be designed to fit
the level of student and sequence of instrue-—
criot.

5. Availability and cost of materials
somewhat limited the scope of the preject,

Figure 6.




Figure 7.

DISCUSSION AND CONCLUSION

The development of this article was intended
only to report on an innovative teaching
method. The scope of this project, and the

two that preceded it, was too broad, and the
number of students too small, te furnish much
useful data or to draw any’'meaningful con-
clusions, A follow-up of graduates does reveal
that of the 44 students who participated in
these projects, over a three-year pericd, 17
went on to %-year engineering or related
scheols, 12 went into Z-year technical schools,
and 15 went directly into the job market ot
milicary service.

it should be re-emphasized that this project
was designed to visually oricnt high school
students to an industrial system with less
emphasis placed on the actual function of the
gystem. Students at the post secondary level
should certainly be more invelved in functicnal
design in addition to the graphical layout of
the system being modeled. For anyone con-
sidering development of a techmically correct
industgrial model, kits, some educaticnal ma-
terial, and a wide array of plastic components
are available commercially for constructing
piping process medels, For instructiomal pur-
poses and economy, all components in the model
described here were developed from patterns and
handmade.’

Although not directly appropriate for a first
course in engineering graphics, a project of
this type might easily be integrated Into a
second course. [t has the potential te be
developed into a design project where students
are required to develop a proposal, design a
functional industrial system, produce design
layout drawings, and prepare a project schedule
and cost analysis. To quote Dr. Lee Harris-
berger from his article titled "Developing the
Complete Engineer” in the Sprimg 1980 edition
of tngineering Design Graphics Journal, "there
ig little room or inclination in current

AUTUMN 1982

engineering education to be concernsd about

the personal and psychological development of
the engineering student to prepare him/her to
cope with real-world interactioms." Since

group intecaction and organization are invcolved,
a preject of this type provides one method for
those lavolved in teaching engineering graphics
to take the initiative in introducing their
students to the englneering process.

Regardless of the merits of this particular
method, instructional approaches which develop
team skills chrough the application of engineer-
ing drawing are worth counsidering. When care-
fully designed and executed, realistic learn-
ing experiences do stimulate student interest
and involve them seriously in their educatlon.
When this happens, ewveryone benefits, espe-
cially the student.
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analysis. Some research bhas shown that the

Delaunay triangulation is perhaps the 'best"

triangulation to use in finite element analysis

R {Sibson, 1978}. Another major impact is emerging
Computational Geometry in Very large Scale Integration (VLSI) which
concerns the miniaturization of components and the

packing of these components on an electronic chip.

One critical problem in VLS| design is to minimize

the overlapping of the rectangular components on

the chips, This has come to be called the

Urectangle intersection' problem (Bentley, 1979;

Six, 1980). Thus, as we can see, the influence of

Computat ional Geometry  on the  future of
J. MacGregor Smlth ?:3;23ering des[gn and graphics is far—reaching

and

Klaus E. Kroner What we intend to do in this article is

present an overview of the literature of
Computational Geometry, introduce the reader to
some of its basic principles, and outline the
eventual impact this field should have  on
englneering design and graphics in the future.

Department of industrial Engineering
. and
Operations Research

Areas of Polygons

University of Massachusetts

Amherst Campus B f +
P To begin this discussion, let us conslider the

Introduction area calculaticons of plane, convex polygons with N
vertices, This problem and its surprisingly
difficult counterpart in three dimensions is a

One of the most important areas emerging from significant recurring problem in computer-aided
computer science, electrical engineering, design. The classical approach to this problem is
operations research, and related disciplines has to use the following formulas:

come to be known as Computational Geometry
{Forrest, 1971; Shamos, 1975, 1978; Preparata,
1977). _ Computational Geometry is concerned with
the design and analysi{s of computer algorithms for
solving geometric representation, construstion,
and design problems. These geometric problems

include all the classical Euclidean construction
problems plus many others which have emerged from Area = ll/ZE: I(Yi+f Yi-l)
computer graphics, computer alded design, and =1 N

3

other engineering design appiications. These can
generally be placed into one of the following

categories: . . PR .
The computations above require N multiplications

and 2N - 1 additions or substracticns, for a total

1. Location
of 3H — 1 arithmetic operations.

- nearest neighbor
~ spatial organlzation
~ network design

Another set of retationships has  been
advanced by Shamos (1978) which results in {4N -
5) operations if N is odd and (4N - 9) operaticns

2 tnelusion it N is even. The two formulas are:

~ area/volume calculations
- palygon inclusion (N odd) Ama=l1/2§£}ﬂ'xﬁ(h+fn_ﬂ
- statistical clustering P N1
3. Intersection
- polygon intersection W even)  area = |12 Z a1 43 lvgim i)+ bgps oy vy 7 Vzrua)]

~ interference/hidden surface =2 N2
~ combinatorial optimization

With the increasing Importance of the field

of  Computer-Aided Design and Computer—Aided In the case of triangles, quadrilaterals, and
Manufacturing {CADCAM), the influence of six-sided figures, Shamos! formula results in
Computational Geometry is obviousily becoming more fewer arithmetic operations than the classical
Important. for example in finite element method. For design applications requiring
analysis, the type of triangulation of an ob ject - thousands of area computations of these modular
can hav? a major impact on the number of figures, a significant savings in computer time
computations and the accuracy of the ensuing could be realized.
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Fxample subroutines coded in  FURTRAN-IV for
the computation of these odd and even polygonal
figures are given below In Figure 1.

SUBROUT INE ODD(MN,X,Y,SUM}

DIMENSION X({10),Y(10)

SUM = 0.0
Mo=N -
CO 1 1 = 1,M
IPLUS = | + 1
IMINUS = § — 1
FF( {1 + 1) .GT. N} tPLUS = {1+1)-H
IF( (1 = 1) .LE. L) IMINUS = {1=1)+N
TOSUM = { X{D=x{N}) & (Y(IPLUS)~Y{LMINUS)) + SUM
RETURN
END

SUBROUT INE EVEN(N, X, Y,5UM)

DIMENSION X{10},Y{10)

SUM = 0.0
NBYZ = N/2
€02 1 = 2,N8Y2
It = 2% = 1
1P = 2% = 2
2 SUM = {(X{IMI-X(1)) % (Y(2%1)=Y(IP)) +
(XOIR)=X(NYY & {Y{IM)=Y({2%1-3)} + SUM
RETURH
END

FIGURE 1

These programs are presented as subroutines since
the main program which would call these programs
may have special input/output features which
differ with various mini and large computing
facilities unigque to the reader's  system
capability. One rule which must be observed in
examining plane figures to be computed by these
formutae is that the points should be read in
sorted clockwise or  counter-clockwiss  order,
otherwise, the programs will not compute the
correct area calculations. The sub-programs
require not only the number of vertices N but the

sorted Cartesian coordinates of the vertices of
the plane polygon.

Computational. Complexity

When one analyzes a computer algorithm, we
like to measure its computational complexity.
This complexity is basically measured on two
separate dimensions:

1. computer running time

2. computer storage space.
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Further, this complexity is a function of the
size of the input problem which the algorithm is
intended to solve., The size of the input problem
is wusually definad in terms of the number of
vertices of the object, the number of edges of the
object, the number of Faces of the object, or some
combination therecf. The variable used to define
the input size is usually: HN.

. Given this, one would 1lke to have some
formula, usually a polynomial which is a function
of N, f(N), whose growth rate as N -+ oo gives
cne” a sense of the worst case time or space which
the algorithm will take In order to solve a given
probiem of size N. To be more specific here,
let's define the following terminclogy. We say
that an algorithm has compiexity "big oh" of g{N):

F(N) = 0(g(N)) as N

If the algorithm is run on some computer, then the
running time and space required by the computer
will approximately require time  and space
proportional to g(N).

For example, we recently showed, with the
formula for computing areas of convex figures,
that the exact polynomial function for each
algorithm is as follows for the classical and
Shamas' formula respectively:

FIN) = 3H — %

4§ - 5 (if N is odd)
FN) =
N — g (if N Is even)

Thus, according to our above notations, we can
simply say that each algorithm is:

fiN) = O(N)

or in other words, that each of them is !'linear"
in the size of §. The "big oh' notation drops the
leading constant, sc that we have a rough
approximation of the complexity of the algorithm
as a function of N.

Most of the algorithms are O{logN}, C(Nlogh),
O(Na). etec. which are some polynomial function of
N. In genmeral, if an algorithm is polynomial in

time or space, it is classified as a Yigood!!
algorithm (Edmonds, 1965: Lawler, 1976). The
references inciuded in the reference section

elaborate on this in greater detail than we will
in this article, since some of these concepts are
quite compiex, thus transcending the intended
purpose of this article.

Of particular importance here is that the
problems we solve and the algorithms designed to
solve them be polynomially bounded. In this
regard it is Important te know beforehand the
"intractability" or Wdifficulty! of a problem in
relation to other problems for which polynomially
bounded algorithms exist. To this end, we can
borrow a problem classification recently developed
in the theory of combinatorial optimization which
provides a useful guideline for the problems and
algorithms we wish to study.
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Figure 2 illustrates the relationships
between these various combinatorial optimizaticn
probiems: P. NP. NF—<omplete. and NP-hard.
For further detalis, the reader is encouraged to

see the following references: Reingold, 1977;
Horowitz and Sahni, 1979; Garey and Johnson,
1979.

Ps  The class of all problems for which a
worst—case polynomial time algorithm exists.
Polynomial time  algorithms are usually
described as O0O{logN), O(NlogWN), or O(N }.
Examples of problems in this class are:
shortest path problems, assignment problems,
certain network flow problems.

NP—-complete

FIGURE 2
NP: The c¢lass of problems for which no
poiynomiai time aigorithm exists, For
example, Khachian's algorithm for Linear

Programming (LP) showed that the LP problem
itself is in the class P and not the class NP
(Aspvall and Stone, 1973).

NP—compiete: Those probiems which are the
most  difficult to solve in the NP class are

in a special sub-class called the_ﬁP—comp1ete,

class. These problems are called NP-complete
because through a translation process they
can  be reduced tc cne central problem called
the satisfiabitity problem { Cook, 16715
Karp, 1972, 1975). Typical of the problems
in this class is the problem of deciding
whether an undirected graph has a Hamilton
cycie.

This final class contains probliems
that are even more difficult than those in
the NP—complete class. Certain mathematical
optimization problems fali into this class.
An example is determining the optimal
Hamitton cycle of all possible Hamilton
cycles in a graph.

NP-hard:

Summary and Conculsion

In this article, we have altempted to
introduce the reader to some of the basic concepts
of Computational Geometry, outlining the scope of
the sub ject and introducing some  example
applications. We have also included a summary
list of references through which the interested
reader can delve much deeper into this fascinating
area of theoretical graphics,
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The Perception of Auxiliary
and Principal
Planes Of PijeCtiOn FIGURE 1 ~ Planas of Projection "Flattened out'

Francis Mosillo
University of Il1linois at Chicago Circle

This article is a bit like Columbus trying to
exptain the shape of the earth to the people of by
his time. That is, it is not a wvery comfortable A
position te be in when one makes statements
contrary to what the authorities say and to
overwhelming  papular belief and practices.
Nevertheless, it is the asthor's belief that the
overwhelming majority of englheering graphics Rlend
kexts are not accurate in the usage of reference T l
planes any more than the belief in Columbus' day
that the world was flat, in Ffact, the same 4
premise is in question  herej should an A
orthographic view be viewed as flat or three \
dimensional 1In nature? That is, should we teach
just relationships between two dimensional views,

or should we use every available tool necessary to ’ q
encourage three dimensional visuallization?

e

The "Flattened out" method {Figure 1) is the
method used in most texts. Figure Z is the method
the author feels shouid be taught, not oniy
because of its true 3D presentation, but also
because of its direct application to 3D ) R . .
visualization. The following comments have been FIGURE 2 - Planes of Projection shown in
made by faculty members who do not support this three dimensional space
premise.

1. Tne reference lines are merely aids to an end.
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2, | just tell my students to count two views
back.

3. It doesn't really matter what they are called
as long as the student understands what they
are.

The peint is, DG the students vreally
understand what they are doing or are the faculty
speaking of themselves and their colleagues? \When
a faculty or practicing engineer solves a
descriptive geometry problem, there is a
reaschable chance they wunderstand what they are
doing. However, a student in class may mimic the
instructor in rote rules and not have the foggiest
jdea of what is going on. The students will
reflect their teacher sufficliently to receive an
acceptablie grade. But, when it §§ necessary to
apply this learning to actual problems, great
difficulty is encountered because they cannot
recognize when or where what they have "learned"
applies.

Other counter—arguments to the planes of
projection being viewed as edges are:

1. We have always done it that way,

2. It seems more natural toe label them as
flattened out planes.

3. The textbook does it that way, and the
students seem to understand it.

h, Reference linegs are just that, a 1line of
reference that can be looked at anyway one
chooses.

5. When one is looking st the object in our
current direct method in the third quadrant,
there really are no planes of projection.

By now you may have guessed that the author
is not concerned with convenience or tradition,
but how to get the student to view and visualize
orthographic prajections in thelr natural
placement. Hopefully this will present to the new
student a true three dimensional viewing,
visualizing, and understanding of 3D graphical
problem solving.

The flattened method has all of the reference
lines in the front view labeled F. In that case,
why label them at all? Labeling the point af
tells one that the plane of projection and its
edges are the Front plane. It appears that the
only purpose of the reference "line" is to give
one the direction of the next projection. This is
the easy part, The part the students have trouble
with is the distance one must measure to get to
the point in the next projection. When the
student is told the plane of projection seen as an
edge is a surface to be measured from, not only is
this an accurate description of what is going on,
but it also forces the student to view each
multiview as a three dimensional ob ject. This
should increase their visualization capabilities.
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Why is the author so adamant as to the
labeling of what most consider to be trivial
"bookkeeping' on a drawing? Primarily because
looking at these reference '"lines" as planes on
edge exercises the students virtual space
Imagination ({Duff, 1979). The developing of this
virtusl space concept is of paramount impartance
If we expect our students to develop the right
side of their brain (Hanks & Belliston, 1980)
where the spatial visualization takes place.

UTQ VISUALIZE BETTER iS5 TO THINK BETTER"
{DeJong, 1981). Do we not agree to the importance
of inner visualization as being critical in the
design process &s well as an important tool in
graphically communicating these thoughts  and
creative ideas? If so, why do we allow our
textbooks to foster the development of non—virtual
space by wusing the flat planes of projection
method. As stated by Jon M. Duff (i979),

"These individuais see the symbols of

ob jects in virtual space as flat,
two-dimensional diagrams., The
representat ional image is Jlost and the

drawing takes on the visual vitality of a
tic~tac-toe diagram."

Yes, we have been dismissing an important
visualization tool, the reference planes, as a
trivial toot for measurement for too long.
Visualization is too Tmportant a skill not to use
every available resource to teach and fortify it
in every way we can.

REFERENCES

Dedong, Paul 5. Lest We Forget the Goals,
Engineering Design Graphics Journal, Winter 1981.

Duff, Jon M. Visual Perception: The Problem of
Creating  Virtual Space, Engineering Design
Graphics Journal, Spring, 1979.

Hanks and Belliston RAPID VIZ.
Edition, ¥William Kaufmann Inc., 1980.

Experimental



Computerized Descriptive

Geometry

Dao-ning Ying
University of wisconsin-Madison

introduction

Euclid had for “yground rules!' the requirement
that greometry problems be solved only with
stroight-edge and compass. tMonge probably had
crude drafting instruments, perhaps T-squarc and
triangle, and more recent draftsmen have had
universal drafting machines,

Computerized descriptive geometry, making use
of the interactive computer instead of ruler andg
compass or more sophisticated drafting devices, is
probably one of the most interesting topics in the
computar era.

in this articie a package of descriptive
geometry programs is presented. It covers most of
the point, line, and plane work of that course.
As a3 matter of fact, ihis paper is a blend of
computerized analytical and descriptive geometry.

Lomparing & system of notation used in
Descriptive Geometry and the coordinate
system in computer programming

Figure 1 shows a point H in space projectid
to the Jorizontal projectlon pianc (HPP) as my .
projected to the frontal projection plane (FPP} as
mp « and projected to the profile projection plane
(PPF} as my . Figure 2 is the unfolded
orthoyraphic version of the pictorial
representation of figure 1., HNote that in computer
programaing, instead of the transfer dimensions
dy + dg » and dp the Cartesian coordinate
notation Xu , Ym . and z, is used Lo match the
coordinate system of the monitor screen. Using
the left end of the f; h, fold line as an origin,
the coordinates of the fold line are x, and Yy,
at the left end, and X, and y, at the right end.
The coordindtes of the lowestu eng of fold line
p, f3 are x; and y, . The coordinates for point
li are inputted to the computer as foliows: (See
Figure 2}

Xy = Xg + Xpg

AUTUMKN 1982

(Xo, ¥o)

FIGURE 1
Hotations used.

(XoYs) _fi %__ (X,,%)

4

(XmYwt +”’3
_Km | ap (Xmp.Ymp)
2 fs
(x,,%))
FIGURE 2

kelationship between three principal views
and cocrdinates system.
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&@T@MN ﬂ@2 ‘in figure 4 from a to d the putputs are for

Ve m ¥, 4 different inputs, For example, a) is for
1'“ - Y° - z"' Yo > Ye i Z» z. ¢ and b) is for vy, > ¥, s
m [l m z Z
b > ‘oot

and for profile views
Xpp = Xy +*Zp

YmP =¥y + ¥m &
{or Ymp = Ym ) / 4 h4
//;
- o

bg
True length view of an oblique line,
adjacent to top view o

fy
& view of the line projected to an auxiliary N [ by
projection plane parallel to the line shows trle: ? b '
line true length. Figure 3 shows the geometric 2 t .
relationsnip between Dy and a point A on the o)y .. 2 cp I '
auxiliary fold line foliows: h < Yei < Zc Petis
bq
Xg = Xp — H3IN{eC ) )
Ya = Yo ~ HCOS{ e )
where o = tg % {{ye — vy Mixg = xg)) \\
) b e <
and W, the distance between the auxiliary 4
fold jine and the top view b, ¢, , is a constant h4
number arbitrarily selected. From point A any f N
other point on the fold line can be calculated by . x 3 -
using the same method as above. For example, the hea z ] )
cocrdinates of point M are / : \
" bz
7D O . s
= + Z k
Im 7a b) Yb D o¥ei By Sy EZg
where D is the distance betwsen point A and M.
Obviously the coordinates of point by and cy can kq
be catculated in the same way by using the .
transfer dimensions y, and y_ . b4 _——-"-’_"'"'_'_‘/ﬁ/q!
Figure 4 shows examples of true length views - €
of an oblique line adjacent to the top view, as /
output on the printer, from the program of Figure
5. ;
64 H] bl
< ¢
he t 5
.- / ! /
1
5
bz EHE

€)Yy oves zp L %

] -
N
°
fy . 8
b bz } bz
> be !
1
1 cz A
Paits
>Cz
C2 vy v y > I
Pg fé

FIGURE 3
True Tength of an obligue Tine.
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is

line

the

the

both

and

calgulates

KPP

be

to

under the yraphics

= ZC- .
information

this
screen

pragram
and the grade of the line as

true Jength
slope),
the text

on

In that case the output e) shows
ar

front and rear views as true Tength views,

If the input is for z
The program causes

printed

The
screen.

not an oblique 1ine but rather an inclined frontal
®h

outputs the numerical vasiues of the Lrue lengtih of
the line, the true anyle between the line and

line,
weil.

{

by
5

4
b4

€1

FIGURE 4
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FIGURE 5
Pregram for piotting true length
of an oblique line.

b4

bl

d

Computer output 3 views and true length view

of an obligue {ine.

B + - 1l
=] 0= b € = I T at
> Mmoo = [ = ~ T
o 4+ > 0O X U > Mmoo =
0o - o > Mo e s
T O s = [ = e = -~
i, > ~a P = = ct
121 T = [l A e -
= oca & - X Z Mo o T S v = ] > =
= eedm_1 B e R - X &= & o -
_ Q- M [V v A ] =1 i —
>—T ~ 0 O O =+ M = N |
<L (s — 8] T - 4+ M o o~ e =
O e = P = ™M e = e
HEN oo 4 = mow = l I~ - =
o B T TR S VR S | Rl BN B
[= I v 4 b - ~ . —
x oo+ I ol i @ - Mo T = e
- bim .o jun s L T I =
L) ~O @ -- O A+ e > e O =
= [olebs Nz Z ot = n - - - oz W
[} Pl B L= ] 9] R 2 B o e s A — |
- L ks | I o — M e L - <o
o =X O LS I o o <« 10— 07 a0
w Gl rte = = = . e = 1+ —t [
= aop-= > I = - 1 R T I e P
o P =M o~ @ 0 s e R -
— L v M0 X X L o AAOEI LT T
QI T - T 5] P et I R -1
11} T | ! < P P PO A0 e
=z = | o i i N 1 B * Pl el 14
- FO+-O — 2 F % [Ip] < | e st 1 S S-S S 5 B
= [wP N o H H O T o - tn ~ P LCICOT A »ri O ]
ic i ~co i & X I T -1 LT i . R L Tt LR
=1 LGS O a o e AT TT 1 Il e Pt 3+ —Z LA -
— e~ LT nm > 1 TIroo < -t - <L = (]
Ll i e el - POV I I Ry Lo 2= U).H+R4ll o
= we X b 00s Nz O S Gl P4 Y - + I TG A —
oo o m OMNcE o tn 1 CCor -+t R+R6R(§) =0 X
o DH>32O03t - X = - — 0 = P far O — *
— - O ~T=C DX X L CSE?.\. ZWw il =0 — S > i -

O I =L T D - ZUHD P Y o e TR =T S s B
= n YPXIBDYINIPH o~ .TT. I OO > e D0 K+ N M oM
Ll - ROHOZ>- =] PO D * -~ X < t cerri WY M
W 12 i = T e S =1 o R S N T s T S s
o e ke w L=l ] - + < o > D = - )..Hllu..f ~ 4

It n I E R S PIE R TR e Oy Z W n— + S~ 30 —
15 O e D ODUO= O > w il end | TN | L 1 B U Sy 2) D -
|l - T X1~ @ Hreea 0 I g e [ o TR o MO O+ 2o S ~ e O

R B HUNWO  —0 LI LI S 7. e o = - > pEr- = O -
> A ++ObH W= N [ — >y - O =3 wimow OCIA N
CT O CQr=Trf= ez =N St I . m QLM -t e *
0 T4 wT Q=L O 03K O+ wrmdd O -G e O S e -

N e s GG M SN0 ODCOr-es T (i1 1= e+ =1l I
x et A I L A | A RMOOOI 0L |+ LI g L e
Lae e 3 =i =T Pt N I LSS CICd U] I R e a1 o] Nl ~—
EM O Ol Bd oirar e DO A I4+@ ™ =92 Al MO A G
U O—rOy E 0 Om- 0. T [ PO L I | o T e e L z
QI el »ODiE Do XK= U | 1 ~~TELD oX R I R0R_oNo ORole
T © 1R MO - 0 ple [oaemt o Lo T- A VS W - > = T eCa
[T P TR P S > 4 =0 AN D A H T T e e S N b IS P |

- o e 2 Lmtnd VY JRR TV L T T B T B L P B L I L HEnn rAnd_RSAll R
S CO ~OF CTOT=X O™ R T TR o - -
HOO MmO D X T O i (I ﬂ._\lﬁ._ ﬁ._ 2+1VA1_UT_IHS
ITXCes X 0 0 =2ldz D kol sl M H i e T md e e Tl
oSO ROl 2 Qg U o N hn | e - ~ = =L

e P el o= M eI - S b Q3 3T3CIO0ITCT0

0O R eaZAZ ZHtm ST s SOOI A ol e ot Roake oL b e WS ) .U i} __ =1
LT I+ J+LOTr b A Db OO D0 LT Ds O vt § O I O | (e I e e OO0 anz
WS O Al &2 o aMame e o e F((NFHNE)(%[R[XKIHI I i
HHBW T A S S b K M TOROCE O RO 0O O = = 0

O O 0O00aQoo [=YeleYateYaTal =} 00
Lo T e B = TN =2 =~ T~ T St m..s.a.ﬁm_/mmmm lmﬁ«w#:.uogimooawmmmw m [sr I ] M.U_
T T I T T B Y X B o N N N Y B e N TR P -




AUTUMEMN 1982

Edge view of & plane

To show a plane in its edge view is important
in the dimensional lgcation aof the plane in space,
and its relationship to other points, lines, and
planes. A horizantal line on a plane will show
true length in the top view. An  auxitiary view
showing the horizontal line &s a point will show
the plane as a line. Figure 6 shows an example of
the edge view of a plane. Its program is shown in
Figure 11, which is programmed fully
interactively. When running, each step calls for
the user to answer a question displaying on the
screen, such as "input the coordinates of point B
-« BX, BY, and BI", etc. In answering, the user
inputs the requeted data through the keyboard of
the graphics terminal. In answering. Once  the
coordinates of point b, L, and [ have been
inputted, the program is executed immediately and
the final solution appears on the terminal Sscreen.

True size and shape view of a plane

Figure ;7 shows the output of the true size
view of a plane. The top, front, and first
auxiliary views are identical to those of Figure
G.  The true size view is obtained by using the
same algorithm as in the true length line program.

FIGURE &
Piercing point of a line and a plane
{auxiliary view method}.

|q|\h5 °s
d
dl
d

e

<2

=

<l
by a
b :l
fy 1
hz 3 42
¢nZ -1.."’r
bz A '\'12
2 tz
<2
FILURE ©

Piercing point of a line and a plane
(two view method).

r IGURE ©
Edge view of a plane.

9 \by ©3 2agp 194
Py

IQ[\hr 5 zarg, ['-'l
| gl o4
| /d*

he i
bz = b4

FIGURE 7
True size view of a plane.
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FIGURE 10
True anyle between any line
and any plane by rotation.
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10 REM FROGRAM FOR FLOTIING EDGE VIEW OF PLANE

20 HGR 3 HCOLOR= 3: SCALE= 1 FLANE

30 PRINT YIRPUY XBsYE-ZH"; INPUT XEsYH.ZE

30 PRINT "INPDT XCrYC,ZC"i INPUT XCoYCrZL

50 PRINT "INPUT XDsvIZ0°% INFOT X0, Y0, ZD

@0 REM PLOT FOLD LINE --F1 & H2

?0 X = 10! HPLOT X-100 TQ X + 407100 HPLOT X 4+ 43,100 TO X + 48,100! HPLOT
X ¥ 517100 TO X + 56,1000 APLOT X + 59,100 TO ¥ + 1107100

100 DRAW 18 AT X + 4:92) DRAW 1 AT X + 7:93

110 DAl 18 AT X + 2,104¢ ORAW 2 AT X + 7s106

170 XE = XB + 3Q:XC = XC + 30:x0 = XI + 30

130 YB = 100 + YBIYC = 100 ¥ YCIYD = 100 + YO

140 7B = 100 - ZEIZC = 100 - Z0iz0 = 100 - 7B

150 REM PLOT FRONT & TOp UFEl oF TRIANGLE

[& HPLOT XErYH TO XC+YC 10 XO»YD 10 XEsYH

170 HPLOT XBsZE TO XCrZC TO XO,Z5 TO XFeZR

190 8 ;u(§g ;Evca J (XD = XCY!YE = YHBIXE = %D + (YE - YD) / 5! HPLOT XH:TE

L

190 Sle (I = Z.) / (XD = XC)IZE = ZC + ¢(XE - XC) % S1! HPLOT XEsZE TO XE
¥

200 DHAW 12 AT XB — 8yYH + 2! HRAW 2 AT XE — 2:YE + 41 DRAW 13 AT XC.YC +
3t DRAW I AT XC + 4,YC T 4 Y

210 DRAW 14 AT XD F 4+YE! TRAW 2 AT XD + 75¥h + 2

330 DRAW 13 AT XCyZC - 7! DRAW 1 AT XC + 4,2C - 53 DRAW 14 AT XDy28 + 21 DRAW
1 AT XD + 4770 F 4

240 DRAW 12 AT XB ~ 4+ZF — 12! DRAW 1 AT XB + 1,2F - 10

350 DRAW 15 AT XE + 6,YE - 3% DRAW 2 AT XE + 10sYE! DRAW 15 AT XE + S:2ZE -
5t LRAN 1 AT XE + 10/2E - 3

240 G2 = (ZE - ZHY / (XE ~ XE)I IF-82 » 0 THEN 279} IF S% « 0 THEN 280

970 5L = ATN ((XE - XbY 7 (ZE - Z8Y)) :

580 SL = ATN { = ¢(XE - XB) 7 (ZE - ZE))

590 8T = 3.14159 / 2 - SL:17 = ZE - 41X = XE - TAN iSL) ¥ (Z - ZEYZi = I +
20123 =7 - 120X3 =X+ TAN (ST K (71 - 2327 X+ TTANT{ST) x (i3

300 73,= 742 = 31T4 = I3 - 5145 = 24 - 3176 =I5 - 5177 = 26 - 31I8 = 17 -

310 X2 = X + _TAM (ST) % (Z3 — ZH}X4 = X + TAM (STI % (Z4 ~ Z)IXS = X + TAN
ST % (25 - Z)i%e = X + TAN (ST £ (26 ~ Z3ix7 = ¥ + TAN (sTo'x ¢z
7 =238 = % £ "TAN (ST) % ¢ZB - 'Z)

320 REM__PLOT AUXILIARY FOLD LINE —- Al & H3

330 HPLOT X1:Z1 10 X2¢22

340 HELOT X3,Z3 TO X2:Z4t HPLOT X5,Z5 TO Xé,Zét HFLOT %7,77 TO ¥8,Z8

50 [DRAW 1 AT X8 - 12,78! DRAW 11 AT X8 - 4:28! DRAW 1 AT X8 - 2,28 + 2

350 DRAW 18 AT X8 + 6,281 DRAW 3 AT X8 & 12:28 + 2

370 A= TAN (ST1B = ~= TAN (SL} :

330 12 = (X -~ AU+ B FZD - A X Z) /(B =ANDX = XD +EB x (DZ - ZI)

390 BI = (%X - XK + H % ZH - A % Z) / (B - A}EX = XK + K % (EZ - ZR)

W00 CF = (X - XC + B %k ZC - A % Z) / (E - A)YICX = XC + & % (CZ - ZC)

430 C = CDOS ¢{SL)!D = SIN ¢SL){YH = YBE - 100!YC = YC - 100:YD = YO - 100

430 ®EM _PLOT ENGE VIEW OF TRIANGLE

$50 X3 = 0¥ b YLD K DiZ2 = DZ — YI K CiX4 = CX + VO % INZ4 = CZ ~ YO ¥ C: HPLOT
%2:72 TO X4sZ4

450 X3 = ¥ + YR % [i1Z3 = Z - YB % C .

B0 TTReW 14 AT X2 4,22 - 143 DRAW 3 AT X2,Z2 -~ 12! DRAW 13 AT X4 + Ss24
{ ORAW 3 AT %4 + 8524 + 2

490 DRAW 12 AT X3 + 4,23 - 37 DRAW 3 AT X3 + 823 - 1

500 DRAW 15 AT_X3 — 4rZ3 - 10: DRAW 3 AT %3 - 2,23 - 8

%10 WFLOT 1,1 TO 279,1 TO 279,159 TO 1,15% TO 1s

520 END

FIGURE 11

Program for plotting edge view of a plane.

Piercing point of a iine and o plane A
True angle between any line and any plane

The piercing point program is based on the by rotation
program faor plotting the edge view of a plane, A
The only difference is in the caiculation of the Figure 10 illustrates the computer generation
intersection of a line and the piane in the of the true angle between any line and any plane
auxiliary view. The same algorithm s used to by rotation. UbViOUS!Y the program is closeiy
project the plercing point py back to p, and p, related to the true size view of a plane.

on m, ny and m, n, respectively, as shown in
Figure &, The piercing point of a line &hd a
plane by Lhe two view or cutting plane method is
shown in Figure 9. The preogram for both methods
is shown in Figure 12, There is a special switch
at line 380 and line 320, The user can make &
choice of one of those metnods Dby inputting a
value for varlable J, if J = 1 then auxiliary view
mezthod is used and J = 2 the two view method will
be the cutput.
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Three Point Perspective

Transformation and
Diagram Construction

Hing H. Land
Miami University
Oxfard, Ohio

Wheh an object is placed so that none of its
principal edges are parallel to the picture plane,
the resulting view is a three point perspective,
Each of the three sets of parallel lines wil!
converge to its vanishing peint, end the graphicai
construction becomes more involved. Therefore,
three point perspective is not often used in
englineering drawing. However, three point
perspective is the most realistic form of
pictorial. It is effective for realistic
illustration for tall structure and for bird's—eye
views where the heights of the objects are to be
emphasized for special effects.

The graphical projection method of a simple
three point perspective is illustrated in Fig. 1.
In Fig. 1 the drawing of the perspective Iis
divided into Five steps as follows:

1. Dbraw the plan view of the object which has
been  turned & counterclockwise. The
station point (5P ) is located, and the line
of center of vision {CV) and the ground line
{GL) are drawn.

44 EN@INEERING DESIGN @RAPHRICS JOURRNAL

2.

The wiew of step 1 is turned so that the
ground line appears in a vertical positien.

The elevation of the object is drawn Jooking
paraltel to the ground line. The 5P is
located at any desired height. The elevation
view of the center of vision is drawn from the
SPe at ¢ ® with the horizontai Jine. The
PP° 13 then drawn through the end view of the
GL and perpendicular to the CV. The vertical
vanishing point (VYVP) of all vertical lines is
located at the intersection of the PP and the
vertical line drawn from the SPp .

Construct the view perpendicular to the 5PF
of step 3. From S§Py . lines are drawn at
angles @ and o to intersect the horizon line
(HL) to locate the right vanishing point (RVP)
and the left wanishing point (LVP)., Draw the
teft wall horizon by connecting LVP with VP,
and the right wall horizon by connecting RVP
with VYR, The two measuring points for
horizontai dimensfons HR and ML are then
located by making LVP to HR = LVP tc 3Py, and

RYF to ML = KVYP to SPp. The wvertical
measuring point MUR s located on the right
wall horizon by making VWP to MVR = VVP to

SPF taken frem step 3. This completes the
diagram of the three wvanishing points and
three  measuring points neaded for the
construction of a three point perspective by
the graphical projection method.

From the intersection of Lhe center line and
the ground iine, measure the distance A taken
from the plan of step 1 on the ground line to
locate the corner B of the perspective view.
The horizontal dimensions are laid ouf cn the
ground tine and then connected to MR and ML to
obtain the perspective projection. The height
dimensions are set off along the height
measuring line drawn from peoint B parallel to
the right wall horizon. For a detailed
explanation of the graphical method of three
point perspactive, refer to Martin ({pp.
36-93) or Pare (pp. $12-314}.
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FIGURE 1

It can be seen from the above steps that it
is guite tedious to censtruct the diagram of a
three point perspective. Thus, there are short
cut methods of perspective projection to shorten
the work in constructing three point perspectives.
One such method is the Black's formuia [black, p.
146) In which the perspective proportion of a

The resulting three point
by the short cut methods tend to be symmetrical
and rigid. The compietely constructed perspective
is still the most certain way of producing an
accurate and truthful representation of the
ob ject. The process of the diagram construction
can be  shortened by means of matrix
three point perspective axis is determined by the transformations with the same accurate results as
formula X =R x Y/ R+ Y. R is the radius of the the graphical method.
targe construction circle and X is the radius of
the small limiting circle,

perspective views

bDistance Y is measured
From the center of the constructien circle to the

vanishing point, and should be at least six times
R, See Fig. 2.
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FIGURE 2
Following simitar logic as we  do
axonometric transformations (Land, pp. 34-37), a
three point perspective can be produced by first
parforming rotation about two different axes
following by a perspective transformation, As

exampie, we  will perform  the

transformation of the unit cube shown in Fig.

First,

perspective

we will translate the cube from the origin

to the point {—j -m —-n) by the following matrix:

000
o 1 0 0 (N
o0 1 0
=i -mo~n 1
~
We will then consider a rotation of & °

about the Y-axis, followed by & rotation of ¢°

about the X-axis:

cosf 1] -singd 0 1 0 0
o] i 0 0 1] cos¢  sing

sinG 0 cosBb O 0 -sinp cos¢
0 0 0 i 0 o3 0

48 ENGINEERING DESIGHN GRAPRICS JOURNAL

A three peint perspective is
concatenation of a perspective transformation
foilowed by a projection onte a two—dimensional
picture plane. Assuming that observer is located
at a distance of K from the origin on the Z-axis
and the perspective is projected onto the Z = 0
plane, the followiny transformation matrix 1s used

obtained by

{Giloi, p.

A complete set of transfcrmations on a
to obtain a three point perspective is then:

cube

1013

10 0 1

01 00
- NG}

1

00 0-~g

C 0 0 1

unit

10 0 0 cosd Q -s5ind 0 1 Q [V 0 ¢ g
[ Q 1 Q 0]|0 cesd sing Of]O 1 & ©
oo 10 sind 0 cosB O||0 -sind cos¢ O |0 Q O -‘:E
-] -m=-n 1 [ i} 1 0 0 0 1 9 0 0

1

cosf sin sing 4 sind cosd
1.,
[ cosh —R—s:n¢
sin@ -cos8 sTnd -JK cosB cosp

-jcos8 -nsing

-meosp+(ncos8 -jsing)sing

ms ing+jsing+ncosd
T 4

FIGURE 3

ey
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Then, since the vector in £q. {4} is the
homogeneous coordinate representation of the
projected points, the Cartesian coordinates are

obtained by dividing the first three components by
its fourth component (Giloi, p. 102):

X v
[xyzl} _[FF01] (5)
We will next consider three points given by
{+ 0 0 0), (0 1 0O U), and {00 140). These
vectors represent points at infinity on the X-,
Y-, and Z-axes respectively. HNow performing the
three point perspective . transformation given by

Eq. (4}

i 0 0 0
o1 0 0 [ Eq. (h)]
g 0 1 9
cosf sing sing 0 %sin@ cos¢
0 Cosf 0 “%ﬁin¢
5ind  -cosB sing O -ltose cosd

K

AUTUMEN 1982

Thus, the point at X =o0 transfarms to

N cost sinf sind
Toa o YT
k-5|n9 cosh %sine casd
_ K cotf
or e, y = K tand
cost

This is the right vanishing polnt (RVP) in Fig.
1. The point at ¥ =oo transforms to
cos¢
x=0, y=
'%simp
or
x =10, y=~ K cot¢ (8}

This s the vertical vanishing peint (VVP) in Fig.
1, The polnt at I =©9 transforms to

sing - cosB sing
X = Py o= -

= Leoss cosd "1 cost cosd

K K
or
- K tanf
X = > Y =Ktan} (9)

cosd

This is the left vanishing point {LUP) in Fig. 1.

ENG@NEERING DESIGH GRAPHIGS JOURNAL &7
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To further clarify the application of
Equations (7), {B), and (9}, we again consider the
three point perspective diagram shown in fig. 1.
The line of center of vision (CV} in step 3 is the
I-axis, and the distance from 5P; ¢4 the picture
ptane is K. The picture plane is the £ = 0 plane
on which the perspective view is projected. Angle

& in step 1 is the angle of rotation about
Y-axis, and angle ¢ in step 3 is the angle of
rotation about X-axis. Thus, in any three point
perspective projection, when the distance K from
statfon point (SP) to picture plane (PP), and the
angles of rotation & and are determined, the
diagram of the three wvanishing points can be
constructed easily by using equations (7)., (8).
and (9). See Fig. &4 and follow these steps:

1. Locate SP  and CV, Draw horizontal x-—axis
and vertical y-axis.

2. Measure a distance of Ktan along the yw=axis
to Jocate the horizom (HL).

3. The AVP is Jocated by measuring a distance of
K cotd along the horizon.

cosg

4. The LVP is located by measuring a distance of
- K tan® along the y-axis.

cosd
5. The VVP is located by measuring a distance of

-Kcottd along the y-axis.

Unce the perspective diagram is completed,
the three point perspective projection can be
constructed easily by using the measuring points
as described in step §5 of Fig., 1 or referring to
an;)standard text such as Giesecke et al (pp.555 —
558).
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| Teach your students to

speak the drafter’s
language.

THE GRAPHIC LANGUAGES OF

ENGINEERING

Robert F. Steidel, Jr, University of California, Berkeley
Jerald M. Henderson, University of California, Davis

For engineering students, communicating with designers and drafters has become more important
than actually mastering their art. That’s why Steidel and Henderson nave written a new introductory
text for your one-term freshman/sophomore courses.

The Graphic Languages of Engineering gives your students a thorough understanding of
the scope and purpose of graphics. And, its innovative approach lets you teach a wide variety of
graphical topics without becoming overly involved in any one.

The authors present the most accurate and up-to-date engineering-drawing techniques, conven-
tions and symbolizaticn in a clear and logical style. They devote a full chapter to computer graphics
and include material which is not usually treated in other texts—graphical
presentation of data and gommmae: # relationships, modeling, and technical reports.

What's more.. .this highly §
pared by one of the
over 500 problems— g
Workbooks— g%
text—are also >

iNustrated text features many drawings pre-

nation’s leading drafters. Plus.. .1t contains

including 70 thoroughiy worked-cut samples.
with graphic problems tied to the

available.

Text: (0471-86759-4) / January 1983 / 704 pp.

For further information contact Frank Burrows,
Depts. 3-8145
JOHN WILEY & SONS, INC.
oM 605 Third Avenue
1807 1982 New York, N.Y. 10158
« New York = Chichesters 2
Brisbane « Toronto *
ggm SiNGapore

- o
Ry

3-8145
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