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ENGINEERING DESIGN GRAPHICS

By James H. EArLe
Texas A & M University

This text is designed as an introduction to engineer-
ing design through the application of descriptive ge-
ometry and graphical principles at the freshman level.
Content is structured to guide the student through the
design process from problem identification to the de-
sign and analysis of his solution, including team dy-
namics, gathering data, human engineering, patents,
technical reports, oral presentation and final imple-
mentation. The design process is emphasized through
numerous industrial examples, illustrations and photo-
graphs using graphical methods as a primary tool of
design and analysis. Principles are developed in se-
quential steps printed in two colors utilizing pro-
grammed instruction techniques. Material is available
for courses varying in length from one semester to
three semesters. The text is suitable for both technol-
ogy and engineering programs.

In press {1969)

DESIGN and DESCRIPTIVE GEOMETRY

PROBLEMS 1,2, and 3

By J. H. Eartr, S. M. Crevann, J. P. OLiver,
L. E. Stark, P. M. Masox, N. B. BAgDELL,

R, F. Vocer, and M, P. GuErarp

Texas A & M University

1: 60 problems, paperbound $3.95.

2: 62 problems, paperbound $3.95.

3: In press, paperbound (1969).

These are the first three in a planned series of an-
nual versions of a problem book providing a semester’s
work in descriptive geometry as taught in engineering
graphics programs. Each version is composed of en-
tirely different problems. This is designed to provide

tresh sets of up-to-date assignments, and to eventually
produce a large source of unduplicated problems.
The contents are designed to introduce the student
to the engineering design process through a series of
engineering problems that are solved with descriptive
geometry. The books clearly develop the relationship
of abstract principles to a variety of concrete problems
which are illustrated by photographs and drawings.
By this combination of theory and practical applica-
tion, the student is introduced to engineering, creativ-
ity, and design.
Teacher's Guides and Solutions Manuals

ENGINEERING GRAPHICS and DESIGN
PROBLEMS 1, 2, and 3
By J. H. Eagrte, S, M. Creraxn, J. P. OLiver,
L. E. Stanx, P. M, Masox, N. B, BaroeLL,
R. F. Vogrr, and M, P. GuERaRD
Texas A & M University

1: 68 problems, paperbound (1967).

2: 79 problems, paperbound (1968).

3: In press, paperbound (1969).

These are the first three in an annual series of new
versions of a problem book designed to provide fresh
and up-to-date sets of unduplicated problems.

Intended for freshman-level college courses in engi-
neering graphics, the books introduce students to engi-
neering, communications, and design. Content areas
include the use of instruments, geometric construction,
graphical trigonometry, graphs, sketching, orthograph-
ic projection, auxiliaries, sections, fasteners, pictorials,
design problems, and engineering analysis. The books
provide a large number of actual industrial examples,
most of which are illustrated by photographs or in-
dustrial drawings.

Teacher's Guides and Solutions Manuals

Write for approval copies

Addison-Wesley

PUBLISHING COMPANY, INC,
Reading, Massachusetts 01867

THE SIGN OF
EXCELLENCE



Editors’

Most of our profegsion have, over the
past decade or so, been very much concerned
with modernizing Graphics course contenis. In
gome instances, Graphics teachers were alert
to the changing times and initiated introduction
of challenging and motivating topics themselves,
while in other cases changes were brought about
by pressure from the degree granting depart-
ments or deans.

Thug, at the expense of drafting skills
and rote exercises, we have, to varying degrees,
introduced our students to such topics as Graph-
ical Calculations, Nomography, and, at last,
open-ended Desgign Problems in the Freshman
courses; and at most institutions, this is being
accomplished in fewer confact hours than were
available when the "traditionai" Graphics
courges were being taught.

It took time to convince many teachers
that the introduciion of Design at the Freshmaean
level is not onle desirable from the Engineering
Education point of view, but is actually possible
in spite of the students' lack of gophistication in
in the fields of mathematics, materials, mech-~
anics, etc. Now there is considerable evidence
-- as manifested by the large number of eniries
in the Design Competition at the 1968 Annual
Meeting -- that Creative Design has become a
major topic in the Graphics courses of many
engineering schools. 'There is no doubt that the
1967 Summer School, spongored by the Division,
was the influencing factor which brought this
sbout. The question that now comes to mind:
What next? Is the Design appreach the ultimate
in Graphics Education? I don't believe this is
so. The Engineering World is not going to stand
still; hence, curricula will and must continue
to be dynamic and alert to the need of the
profession.

Before gpeculating too much about the
fuiure, I would like to suggest a pause in this

A Guest Editorial
by
Klaus Kroner
Univergity of Massachusgettis

relentless drive. We have been so intent on
making our semester - to - semesier course
changes, lest we fall behind in our race towards
the "Goals" which have been set for us, that no
time has been taken to look about us and take in
the overall vigta that surrounds us. What, for
example is being done in our vocation, in other
couniries? It is difficult to imagine that
Graphics is a static field elsewhere, while
undergoing continuous change here at home.

Yet one finds little evidence in our professional
literature of any organized effort to study
foreign curricula in the field of Graphics. Are
we so egotistical that we think nothing can be
learned from our brethren aboroad? BSurely
there must be valuable experiences, ideas, and
suggestions {0 be gained from betier communi-
cation with our associates across the oceans.
Should a publication similar to the JOURNAL

OF ENGINEERING GRAPHICS exist in a

foreign couniry, perhaps a subscription exchange
can be arranged; then our editor and his staff
would be made aware of noteworthy papers
written overseas. Undoubtedly, valuable articles
and books have been written abroad which shotld
be brought to our attention, translated, if neces-
sary, and published in appropriate form in this
country.

An attempt at organizing an International
Conference was underway, a few years ago,
mostly at the urging of Professor Steve Siaby of
Princeton Univergity, but unfortunately this
never developed because of funds. Would it not,
however, be a fruitful endeavor to urge a few
Division members to visit Engineering Schools
and Technical Institutes in other countries?
Through interviews with faculty members and by
observation information could be gathered on
unigue teaching methods, innovations, subject
matter, and the whole approach to Graphics
Education. Subsequently, our emissaries
could be asked to report their findings at meet-

ings and/or through articles in the JOURNAL.
{continued on page 25)
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IN TRE DIVISION

Professor Emeritus Frederic G, Higbee,
head of Engineering Drawing at the University
of Towa from 1905 until 1951, died on Tuesday
December 3, 1968 at Mercy Hospital in Iowa
City. Professor Highee, 87, had been admitted
to the hospital on November 14 with emphysema.

Funeral services were held at the Beckman-
Butherus Funeral home in Iowa City.

The recipient of numerous awards and hon-
ors, Professor Highee was the author of six
books and wasg listed as an authority on deserip-
tive geometry and engineering drawing in '"'Who's
Who in America, ' "Who's Who in Engineering"
and "Who Knows and What,"

In 1950 he received the Division of Engineer-
ing Graphics' firts Distinguished Service Award
for his outstanding contributions in the field of
graphics.

Born in Fremont, Chio, Professor Higbee
attended Kenyon Military Academy and the Case
School of Applied Science in Cleveland., He re-
ceived his B. 3. degree from Case in 1903 and
served as an asgistant engineer with the Osborn
Engineering Company of Cleveland during the
following year.

After a year as an instructor at Case, he
became assistant professor and head of Engin-
eering Drawing at the University of Iowa in 1905,

In 1808 he received an M.E. degree from
Case, and in 1909 he was promoted to Professor
of Engineering Drawing at the U of I.

In 1912 he married the former Beth Mather
of Wesgt Branch, Iowa.

Aside from his duties in the Engineering
Drawing Department, Professor Higbee served
from 1926 to 1951 as director of convocations
at the University of Towa. He also served as a
member of the Athletic Board and the Transit
Board, and as chairman of the Campus Planning
Committee he evolved in large part the general
campus plan of the University.

In the early 1930's he was the secretary of
the U of I Alumni Asggociation. IIe was an active
member of the Engineering Drawing Division of
A.S,BE,E. and was the [irgt editor of the JOUR~
NAL OF ENGINEERING DRAWING.

Before retiring, affer 47 years of service
at the U of I in 1852, Professor Highee had also
gerved as acting dean of the College of Engineer-
ing for one year,

Active in community affairs, he was a pio=
neer member and first chairman of the lowa
City Zoning Commission in 1924-25, and later
became chairman of the lowa City Board of
Adjustment.

Ag chairman of the lowa City Engineers
Club committee which stressed the value of good
engineering practices in road construction, he
led a public speaking campaign to promote the
authorization of a bond issue for road construc-
iion in Johnson County, As a member of the
Red Cross Board in the early 1920's, when
annual drownings occurred in the Iowa River,



Profegsor Higbee originated a city river patrol
system.

In 1952 he was awarded the Iowa City En-
gineers Club Distinguished Service Award for
"contributing hig time, energy and professional
gkill to the development of a greater lowa City."

His survivors include his wife and two sons,
Frederic Goodson Jr. of Media, Pennsylvania,
and Jay Anders of Seattle, Washington as well
as seven grandchildren and two great grand-
children.

ENGINEERING GRAPHICS IN THE TWQO YEAR COLLEGE
A Report Of The
EDUCATIONAL RELATIONS COMMITTEE

Three years ago the Educational Relations
Committee of the Engineering Graphics Division
presented a report regarding Engineering Graph-
ics education in secondary schools.* Included
in that report were regommendations for a typ-
ical high school Graphics course outline, listing
individual topics and the amount of time that
should be devoted to them. The necegsity for
rapport between college and high school teachers
was also emphagized.

Since then the E.R.C. has turned its atten-
tion to the junior and community colleges and the
teo-year technical institutes to see how the Di-
vigion could assist in the development of first-
class Graphics curricula at that level. Ii was
decided to investigate first the present state of
Graphicg education in those schools. To this
end the committee prepared a questionnaire
which sought to determine the nature of the typ-
ical Engineering Drawing course. Last spring
copies of this form were sent to limited number
of two-year ingtitutions, and subsequently 41
replies were received., This is, admittedly, a
rather small number from which to derive sia-
tistically useful information, nor was the sample
geographically well distribuied (18 of the replies
came from one state}). Perbaps, however, some
general conclusions can be derived from the
data at hand.

In the tsbulations shown, only those schools
which indicated that they had technical-oriented
programs from which students could transgfer to
engineering colleges, were taken into consider-
ation. The questionnairre provided a place
where the types of techniczal curricula could be
checked, To the question relating to their sche-
dule, only three said they operated on the quar-
ter gysiem, none are on a trimester plan and all
others work on a semester schedule. .

From Tabie A one discovers that a majority
of the responding schoolg is municipally opera-
ted, and that Civil, Electrical, Industrial and
Mechanical Engineering curricula are fairly
evenely represented in this sample.

The list of graphics-related courses at the

individual schools ranged from none to ten. The
breakdown of individual fopics within their
"basic" drawing courses is shown inTable B,
For a first course, the coverage would appear
to be adaquate with one notable exception =~ de-
sign. Only two of the schools indicated inclusion
of creative design in their course outline. The
time spent on teaching the use of instruments
seems rather excessive for a college-level
course, KEven in the high school course less
than two percent of the total course time was
recommended for this topic.

It is interesting to compare the percentage
of exposure time for the principal subjects as
reported by the two-year ingtitutions with the
percentages recommended by the E_.R.C. for
secondary schools. Orthographic projection,
dimensioning and working drawings were ranked

TABLE A

Selected Responaing Institutions, Their AffiTiations, and Selected Programs Offered.®

Affiliation Programs
College [Ftate Municipal PrivatelAgr.Civil Elect.Ind.tach.Chen) Qthers

JLETHODIS b
1.Chicago City C. ® x

Automotive Air Con-
dition, Horticultire
MASSACRUSETTS

T.Bristal €. C. H General
2.Greenfield C. C. * %

MECHTGAN

1.ATpena C. €. *® X
2.1ake Michigan €. b3
3.1ake Superior 5. €. | x X

Pre-Engin.
X GeaTogical ,Mining,Geo-
physical, Metalurgical

ERR R
EERE
R

4. Southwestern Mich. X x|

MISSOURI
1.Crowder College X % X

2.Florissant Yalley CO ® *x x x
3.Meramel C. C b3 ES X Arch.Orafting Tech.
Mus.
4.Metrapolitan J. C. b4 x| ® X X R [x Architectural
§.Mineral Arca C. X S x X
6.Missouri West C. X X[ x S Xo| &
HNEW JERSEY
1.Mercer County C.C. x S x x| X |x
2.)iddlesex County C. x Engineering Science
3.0cean County . X ) ®
4,Unfon Cellege ® A x x| X
NORTH DAKOTA
1.Lake Region d. €. x S Drafting
2.5tate School of X Pre-Engineering
Science
TEXAS
1.ATvin J. C. X X x X Data Proc., Drafting
2.fmari1 1o College X x| X b ®oO|x
x

3.Central Texas C. X X
4,0el Mar College
§,E1 Centro College
6.Howard County J. €.
7.Kilgare J. C.

8. Navaree J. C. X
9.0dessa J. €. X x
i0.Paris Junfor C.
11.5€. Philip's C.
12.%an Antonic C. b3 Pre-Engineering
13.8an Jacinte C. * . x X
14, South Plains C, X kS

15, Texarkana College * ®f * x|
i6.Weatherford C. * x

o

Aerospace
Data Proc., Drafting

R
o
]
M MM MR MMM
3¢ 3¢ 3 %

"

Drafting

ToTAL 13 2 i B
*#0nly those Tisted from which students can transfer to 4-year engineeving curricula.



identically in both ingtances and the difference
of actual percentages is remarkably small be-
tween the two, The comparison of these and
other major fopice is included in Table B.

THRBLE B

Percentage of Course Contact Hours

Topic 2-Year College High School Course
Surwey Reconmandation

Orthographic Projection
Dimensioning

Detail & Assembly Drawings
Applied Geometry

Sections

Sketching

Isometrie

0b1igue

Developments

10.  Instruments

1. Auxiliary Views

12, Perspective

13. Threads & Fasteners

14. Electrical

156. Charts & Graphs

16. Graphical Math. & Nomography

B L Y ]

between our Division and themselves in the form
of recommended course outlines and current
information on the status of Graphics, both in
academic and the industrial world. BSuggestions
appeared also that workshops be established
which would be designed specifically to aid the
graphics instructors in the two-year colleges to
develop improved teaching technigues and to
bring them up to date on new trends in graphics
education.

Thug it is evident that these teachers wish
to have closer liaison

Thus it is evident that these feachers wish
to have closer liaison with the Division, It
should be the Division'g concern to furnish the
assistance requested, After all, if we do not
provide professional advice and encouragement,
to whom can thesge colleagues turn?

17, Lettering
18. Miscellaneous

B S N B R I 3
T N N N LR F Ry}

When the Division decides to sponsor a
workshop or conference for the benefit of the
junior college graphics teachers, the Education-
al Relations Committee will be ready to assist
most enthugiagtically in the preparation of such
a program,

Total 100.0% 100.0%

Finally, the guestionnairre asked for com-
ments, from the re spondents, to the question
UIn what way should, or could, the Engineering
Graphics Division of A.S.E.E. be of agsistance
to the faculty of technical programs in two-year
institutions ?"" All the comments which were
received are listed in Table C. Many of these
indicate a desire for increased communication Chmn. - E.R.C.

Submitted by: Klaus E, Kroner
Submitted by: Klaus E. Kroner
Agsoc. Prof,
Basic Engineering
Univ. of Mass.

TABLE C

COMMENTS T3: "In What Way Should or Could the Engineering Graphics Division of ASEE
be of Assistance to Faculty of Technical Programs in Two-Year Institutions?"

1. Prepare list of curriculum recommendations for graphical courses.

2. Develop program which js recognized by the 4-year schools,

3. Publish course cutlines from varfous other colieges so faculty members will know what
other schools are doing.

4. Inform us of the graphics responsibiTities from year to year. What is being taught
{topics) in Graphics?

5. Devise 2 basic engineering graphics course that is the same for all 4-year colleges,

6. Provide outlines of courses we should offer so that our students will not have difficulty
in transferving to 4-year institutions.

7. Have 4-year programs in the areas that 2-year programs cover, 5o that Students may
continue and pursue a BS.

8. Keep the engineering graphics and technical drafting (terminal program) as closely related

as possibie. This would tend to strengthen both programs.

9. Advise as to which areas of graphics or other fields are considered to be the most m-
portant in the engineering field. This could be helpful in terms of emphasis.

10, Advise by predicting trends in the program.

11, What does Industry need and want?

12. Give educators some guidance, recommendations, and information.

13. Aid the faculty in keeping up with trends in institutions that are potential employers of
the student graduates and aid in keeping the institution (educational) abreast of progress.

14. Plan workshops, provide Tist of available fnstruction aids in Graphics.

15. Offer work-shops in the summer with men from Industry on the pregram. They can explain
what they want the student to know te be maintained in Industry,

15. Establish work-shops for the primary purpose of paralleling the basic engineering drawing
course. Mot so much in sequence, but in content.

17. ?fzoriing up-to-date drafting standards, techniques, and ideas to keep adjacent with

ndustry,

18, Dgn't forget the vast number of not-so-gifted that the community colleges serve. Try to
pinpoint common denominator needs of Industry for lower level graphical work.

19.  Information on new equipment

20. Advise as to new methods and technologies; advise as to how better to distribute the
assigned material, which courses have the priority.

zl. Promote 4-year programs in technical or industrial education to allow students with a
2-year AS degree in occupational programs to transfer without loss of credits.

2. igow the teachers of tachnical courses in your particular geographical area. Meet with

eifl.

23, Send appropriate publications Tists to all graphics instructors.

24. Teach more down-to-earth practical drafting and not the theory that is piled in the ASEE
Engineering Graphics Magazine.

25, In my opinion, a good program is a good instructor. If money is to be spent, spend it
on a good instructor.




MID — YEAR MEETING

LOUISIANA STATE UNIVERSITY
January 1969
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"Where were you?'




ASEE ANNUAL CONVENTION
PENNSYLVANIA STATE UNIVERSITY
June 1969

ENGINEERING GRAPHICS DIVISION
PROGRAM

Sunday, June 22
6:00~10:30 p, m.
Executive Committee
Dinner & Business Meeting
Earl Black - presiding

Sunday, June 22
10:00 a, m. -9:00 p, m.
Display of Student!s Projects
C. C. Cooley - chairman
R. J. Foster - Coordinator

Monday, June 23.
8:00 a. m, -9:00 p.m,
Digplay of Student's Projects
Judging of Projects
A. L. Hoag - chairman

Tuesday, June 24
10:00~11:45 a. m,
Conference

Steve M. Slaby - chairman

Making Preparations for Class.
Securing Student Participation.

Tuesday, June 24
12:00-3:30 p. m.
Tuuncheon & Business Meeting
Steve M. Slaby - presiding

Wednesday, June 25
10:00-11:45 a, m.
Conference
James H. Earle ~ presiding

"The Engineer and His Regponsibilities

in Communication”
Eivind Ramberg

Newark College of Engineering
"Legal Responsibility of the Engineer'

Daniel L, Griffin, Jr,
Towa State University
"The Engineer's Responibility in
Developing Engineering Standards”
Roy P. Trowbridge

Director of Engineering Standards
General Motors Corporat

‘Panel Discussion
"Creativity, Communication, and
Teaching Techniques'
1. Ivan L. Hill Wednesday, June 25
INinois Institute of Technology 6:30 p. m.
2. Hugh S. Rogers Annual Division Banquet
Pennsylvania State University Earl D. Black - presiding
3. James 5. Blackman Award of Distinguished Service Award
University of Nebraska Recognition of Division Officers
Topics "Where Were You"

Developing Engineering Graphics George J. Cowell
Courses. University of South Florida

Part of Degign Display Area at Penn State

10



THE ANNUAL MEETING - ASEE

The Annual Meeting of ASEE has become
one of great interest to those who are engaged
in teaching Introductory Creative Design, The
first Design Display (June 1968 at UCLA) was
an experiment on the part of the Engineering
Graphics Division which proved to be extremely
guccessful, The exhibilt was visited by many
people from all engineering disciplines and was
well received. Plans are now being made for
the Second Annual Introductory Creative Design
Display.

Robert J, Fogler

Through the efforts of C. C. Cooley {Uni-
versuty of Detroit, and Robert J. Foster {Penn
Btate University) the next Introductory Design
Display should set the pace for the future. Bob

Foster is making every effort to secure a location

close to the main exhibit area so that it will be
more convenient for everyone to visit.

Although

it may be a difficult task, he seems sure that
the needs of the Division will be met with more
satisfaction than in the past. This means that
accomodations will be better and cooperation
will be greater (a very difficult task) for the
event that has proven to be beneficial to our
discipline ----- The Annual Introductory Design
Dispiay. ‘

C. C. Cooley

Profegsor C. C. Cooley is now in the pro-
cess of organizing the main event.
point to the fact that he, too, is dedicated to
better results --- if that ig possible ----- that
were achieved by John Barylski.
can be done with the cooperation of all who are
engaged in teaching this subject.

REPORT OF THE DISPLAYS COMMITTELE

The Second Annual Introductory Desgign
Display s planned for Pennsylvania State Uni-
versity during the ASEE Annual Meeting in
June 1969.

Since early in September, of the current
gchool year, planning for this Second Annual
Display of Student Designs has been under way.

Thoge who attended the UCLA meeting in
June, 1968 will recall that, under the leader-
ship of Professor John R. Barylski of SMTI in
New Bedford, Massachusetts, the first such
display effort was presented and well received.
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For the current year Chairman Earl Black
of the Division of Engineering Graphics has ap-
pointed the following to the Displays Committee;

C. C. Cooley - chairman

University of Detroit

Coilege of Engineering

Department of Design & Sirmula-

tion

Detroit, Michigan 48221

Phone - 342-1000, ext. 313

Robert A. Britton

University of Migsouri at Rolla
Roland O. Byers

Universgity of Idsho

All indications

This, of course,



William A, Earl

SUNY College of Ceramics
Robert J, Foster

Pennsylvania State University
Herbert T, Jenkins

University of Michigan
Junius H., Kellman

Ventura College
Jack T. Kimbrel

Washington State University
Joseph W. McCutchan

University of California of L. A.
Robert L. Ritter

Loyola University of Log Angeles
Jacob H, Sarver

University of Cincinnati
Marvin L, Weed

Penn State Univ, at McKeesport

Correspeondence between the chairman and
several committee members has resulted in
progress toward final definition of the activity.

Graphics and Design teachers who plan to
have student work submitted for competition
should read the material below in order to ef-
fectively correlate their planning and effort for
maximum results,

1. While the dollar amount of the prize
monies hag not been finalized, at this
writing, every effort is being made
to maximize the amount, recognizing
that this is in itself a motivation to
participate.

2. Categories for the displays will be,
in all probability, as follows, with
the related prizes distributed among
these categories;

A. Designg including prototype,
mock-up or model.
1. Freshman - individual
2. Freghman - team
3. Sophomore ~ individual
4. Sophomore - team
B. Designs without prototype,
mock-up, or model.
1, Freshman - individzal
Z. TFreshamn -~ team
3. Sophomore - individual
4. Sophomore - team

3. Teachers planning to enter display
materials in any of the categories are
urged to write to the Chairman of the
Displays Committee at an early date,
furnishing an 8 1/2 x 11 sheet for
file purposes, which giveg the com-
plete address, including phone num-
ber of the one person at the instifuiion
that all coaspondence ig to be direc-
ted to. Additionally and seperately,
the Chairman would appreciate tenta-
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tive information regarding the planned
digplay. Include such information as
approximate floor space needed, gen-
eral physical form of the digplay and
whether electrical power is needed
for prototype operation.

4. The above 8 1/2 x 11 sheets will be

used to form an address file, By

April 1st, or earlier, a packet of en-

try blanks and all detailed information

relative to entering your materials,
will be sent to these addresses. This
packet of material will attempt to spell
out ALL information needed for entry.

Between the present date and the

April 1st date, communicate with the

Chairman of the Digplays Committee

for ""to-date” information relative to

the display.

6. LOOK FOR additional information in
the Spring issue of the JOURNAL OF
ENGINEERING GRAPHICS,

7. At the Pennsylvania State University,
College of Engineering, work hag
already been done, and the plans
made for this event. Professor
Robert J. Foster of Engineering
Graphics has agreed to act as local
coordinator and chairman of the acti-
vity. Professor Hugh Rogers of the
same department ig working one-
guarter time fo finalize the display
format.

ol
.

The accent on design so appropriately
blended into the Engineering Graphics activity
for Freshmen and Sophomores at colleges of
engineering ig bringing forth some excellent
design work. It is surely a responsibility of
the teachers to see that the members of ASEE
generally and the Division of Engineering
Graphics in particular are made aware of the
fine work being done. One of the excellent
ways to do this is to alert your students to this
activity early in the school year, so that they
may develop design projects suitable for entry,
and, hopefully, of,a caliber that will merit one
or more of the prizes.

We look forward to seeing you and your
student designs at Penn State, June 23-26, 1969.

As preparation of this material is being
concluded, word comes from Mr., Frank
Oppenheimer of Gramercy that Mr. Alfred
Kreidler is once again donating $1000 to thig
worthwhile activity, The writer has communi-
cated his expression of appreciation to both
these gentlemen on behalf of the Division of
Engineering Graphics. Further details of this
will appear in the Spring issue of the JOURNAL
OF ENGINEERING GRAPHICS.

Professor C. C. Cooley
Chairman - Digplays
Committee



TEACHING TECHNIQUES COMMITTEE
REFPORT

This is a summary basged on on-going pro-
jects of commitiee members and other available
information at this time.

Professor Kiaus E. Kroner of the Univer-
gity of Massachusetts has prepared computer-
mediated instructional programs for self-study
or review programs which are stored in the
computer. Thege programs operate like a pro-
grammed learning sequence where the student
has specific questions directed to him on the
computer from which he selects an answer (as
from a multiple choice question). The computer
indicates whelher his angwer is right or wrong,
and gives reasons why it is right or wrong. The
time required per program varies from 5 to 10
minutes. Programs have been written for
Orthographic Projection and Fundamentais oi
Descriptive Geomeiry, He plans to add addition-
al programs in the near future.

Professor William E. Schneerer of Case
Institute of Technology has published a program-
med learning text covering basic graphics con-
tent in engineering drawing, descriptive geome-
try and graphical calcuius and mathematics.

His text provides for self-testing throughout and
a sketch pad for carrying out suggested drawing
or sketching activities in conjunction with the
text. He refers to the sketch pad as a pad for
"doodling". This text is unique in the field of
Engineering Graphics, as far as I know. Itis
excellently presented and illusirated and fur-
nishes the Case student basic material in Graph-
i cs which he can learn or review. The Case
student is not required to take Graphics, but

the engineering faculty requires that he be able
te demonstrate a proficiency in Graphics by
pasging an examination on the content put forth
in Bill's text. It is also being used at Rochester
Institute of Technology as review material for a
proficiency examination which, if passed, allows
the student to elect a course in Computer Graph-
ics in lieu of the first reguired Graphics course.

The University of Minnesota faculty mem-
bers in Engineering Graphics, Professors
Springer, Palmer, and Clausen have produced
a large volume of programmed learning material
on many basic Engineering Graphics topics,

The chairman of the Teaching Technigues
Commitiee has prepared three videotapes of a
series of 10-12 Engineering Drawing lectures
which he hopes to complete. The first is Ortho-
graphic Projection: Normal Surfaces, and in-
cludes digcussion on reference planes, projec-
tion, arrangement of views, and the use of iso-
metric drawing as an aid to visualization. The
gsecond and third aré on Orthographic Projection:
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Inclined Surfaces, Oblique Surfaces. Trans-
parencies are used angd in addition to presenting
basic theory, problems are solved for a third
view using surface and point labelling. Further
presentations are plammed on: Orthegraphic
Projection, Cylindrical Surfaces, Auxiliary
Views, Sectioning, Basic Dimensioning Prin-
ciples, Tolerances and Limit Dimensions, Pic-
torial Drawing {Lsometric and Oblique), Work-
ing Drawings. Also, beginning work in Com-
puter Graphics, using the IBM plotter, has been
tried for three view drawings and tentative
plans are being made to combine the Fortran
language and the matrix transformation of co-
ordinates in three dimensions to that of two
dimensions so as to effect the isometric or
perspective drawing of objects in rotated and
iranslated positions as may be degired.

Professor Ludwig Schweinfurth of the Uni-
ver sity of Puerto Rico is undertaking an elabo-
rate doctoral study at Texas A & M University
under the direction of the Engineering Graphics
Department which shows great promise. He
seeks to fermulate an Engineering Graphics
program for the Univer sity of Puerto Rico based
on the best thinking of authorities in the field
and other persons having a concern for graphics.
At present he has worked up a comprehensive
get of objectives to be critically evaluated by
the experts.

. Professor Carl J, Buckman has conducted
a worthwhile survey of 55 colleges and univer-
gities from which 38 schools responded to the
many questions asked regarding whether or not
they utilize ceriain teaching techniques and me-
thods in the teaching of engineering graphics
courses:; and if go, their rating of the relative
value of each technigue. He has explored the
uses of all the visual aids and materials used
in recent vears, and has looked into techniques
being used in the presentation of computer
graphics. In my opinion, his study clearly
merits publication in the JOURNAL OF ENGI-
NEERING GRAPHICS., As far as I know, it
represents the only analysis of this kind and he
has authorized me to have it publighed in as
early edition of the Journal as practical. The
chairman believes that Professcor Buckman
(now retired} merits a high commendation from
all of us for his exceptional efforis on behalf of
the Teaching Techniques Committee and for this
comprehensive analysis of teaching techniques
which hasg potential usefulness o all of us.

Dr. Ernest €. Schamehorn - chairman
Teaching Technuiques Committee



REPORT OF

BIBILIOGRAPHY COMMITTEE

The following publications are now avilaisle:

AUTHORS

Almfeldt, M. W,

Arnbal, C.A.

Beakley, G. C.

Calendar, H. L.
Brown, W, J.

Cowell, G, J.

Karle, J. H.
Cleland, S, M,
Oliver, J. P,
Magon, P. M,
Bardell, N. B,
Guerard, M. P,

Earle, J. H.

Fetter, W. A,

French, T. E.
Vierch, C. J.

French, T. E.
Vierck, C, 7.
Giesecke, F. E.
Mitchell, A,
Spencer, H, C.
Giesecke, F. E.

Mitchell, A,
Spencer, H. C.

Grant, II. E.
Hamilton
Hotchkisg
Heacock, F. A,

Henry

Hornung, W. J.

TITLE

ENGR. GRAPHICS

PROB. BK. II

ENGINEERING:; AN INTRO.
TO A CREATIVE PROFES-
SION

" ENGR. PROB. FOR

FUND. OF 3-D
DESCR. GEOMETRY

ENGR. GRAPHICS
PRORB. BK.

DESIGN AND DESCRIP.

. GEOMETRY PROB. I

ENGR. GRAPHICS AND
DESIGN PROBLEMS I

COMPUTER GRAPHICS
IN COMMUNICATION

A MANUAL OF ENGR.
DRAWING FOR DTUDENTS
AND DRAFTSMEN

FUND. OF ENGR., DWG.

TECHNICAL DRAWING

TECH. DWG. PROB.
SERIES I, MANUAL

. ENGR. DWG. WIiTH

CREATIVE DESIGN

WORKSHEETS FOR
BASIC GRAPHICS

GRAPHICS IN
SPACE FLIGHT

PROB, IN ENGR.
GRAPHICS, SERIES A

ARCHITECTURAL DRAFT,

PUBLISHER

Wm. C. Brown

MazcMillan Co.

Harcourt, Brace

and World
Wm. C, Brown

Addison-Wesley

Addigon-Wesley
McGraw-Hill

McGraw-Hill

McGraw-Hill

MacMillan

MacMilian

McGraw-Hill
Wm. C. Browu
MceGraw-Hill
Wm. C. Brown

Prentice-Hall -
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YEAR PAGES PRICE
1967 125 4.50
1967 548 9.95
1967 82 5.50
1966 110 4.00
1967 80 3.95
1967 68 3.95
1965 110
1966 701 8.95
1966 576 7.95
1967 882 9.95
1967 103 5.95
1968
1967 93 5.75
1964 144 4.50 h.c.
2.50 s.c.
R 48 2.5
1966 277 9.12



Bibliography Committee Report {continued)
AUTHORS TITLE PUBLISHERS ED, YEAR PAGES PRICE

Hill, P. H. ENGR. GRAPHICS AND MacMillan 1 1964 44 7.75
DESIGN PROB. SHEETS
AND DESIGN PROJECT
BOOKLET :

Hill, P. H. A SHORT COURSE IN MacMillan 1 1964 24 5,50
ENGR. GRAPHICS AND
DESIGN PROR. SHEETS
AND DESIGN PROJECTS

BOOKLET
Levens, A. S. PROB. IN MECH DWG. McGraw-Hill 3 1967 176 3.95
Edstrom, A, E. 2nd COURSE WORKSHOP

CORR, WITH MECH, DWG.

Lindgren, C. E. S, FOUR DIMENSIONAL McGraw-Iill 1 1968 129

DESCR. GEOMETRY
Luzadder, W. J. FUND., OF ENGR. DWG. Prentice-Hall 5 1965 726 10.95
Luzadder, W, J. BASIC GRAPHICS FOR Prentice-Hall 2 . 1968 656 9.95

DESIGN ANAT.YSIS,
COMMUNICATIONS AND

COMPUTERS

ILuzadder, W. J. PROB, IN ENGR. DWG. Prentice~Hall 5 1966 71 4,95

Arnold, N, [I. {Workbook)

Thompson, F. H.

Martin C. L, DESIGN GRAPHICS MacMillan 2 1968 © 320 9,085

MecCartney, T. O, PRECISION McGraw-Hill 1 19863 256 11.00
PERSPECTIVE DWG.

Muller, E. J. ARCH. DRAWING AND Prentice-Hall i 1967 450 10.95
LIGHT CONSTRUCTION

Paré, E. G. DESCR, GEOMETRY MacMillan 3 1965 383 B.50

Loving, R. O,

Hill, 1, L.

Raskhodoff, N. M. ELECTRONIC DRATFT. Prentice-Hall T 1066 504 12,95
AND DESIGN

Paré, E, G. DESCR. GEOMETRY MacMillan

Loving, R.O, WORKSHEETS

Hin, 1. L, SERIES A 1968 786 4,95
SERIES B 1966 76 4,95
SERIES C 1967 T2 4,95

Rising, J. S. ENGR. GRAPHICS Wm., C. Brown 1 1964 406 7.25

Arnbal, C. A, PROBLEM BOOK I

Seid, R. APP-LIED PROB. FOR Harcourt, Brace, 1 1867 70 5,00
FUND. OF 3-D DESCR. and World
GEOMETRY

Shiels PROB. IN DESCR. GEOM. Wm, C. Brown 1 1966 99 3.25

Shiers, G. DESIGN AND CONSTR. Prentice-Hall 1 1966 362 11.25

OF ELECTRONIC EQUIP.
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Biblicgraphy Committee Report {continued)

AUTHORS
Silberg, M. D,
Halasz, S, T.

Slaby, S. M.

Slaby, S. M,
Gum, H, 8.
Street, W. E.
Thornhill, R, E.
Vierck, "C, J.
Hang, R. I.

Vierck, C. J.
Hang, R. 1.

Wellman, B. L.

Woodworth, F. M.

Zulaguf, ®, C.
Burnett, J. R.

The above information was furnished by publishers.

TITLE

WORKSHEETS IN GRAPH.
SCIENCE AND CREATIVE

DESIGN

FUND. OF 3-ID DESCR.
GEOMETRY

WORKBOOK FOR
FUND. OF 3-D
DESCR. GEOMETRY
TECH. DESCR. GEOM.

ENGR. GRAPHICS AND
NUMERICAL CONTROL

FUND. OF ENGR. DWG,
PROBLEMS

ENGR. DWG. PROB.

INTRO. TO GRAPH,
ANALYSIS AND DESIGN

GRAPHICAL SIMULATION

INTRODUCTORY ANALOG

COMPUTATION WITH
GRAPHICAL SOLUTIONS

PUBLISHER

Prentice~Hall

Harcourt, Brace,
and World

Harcourt, Brace

and World

D. Van Nostrand

McGraw-Hill
McGraw-Hill
McGraw-Hill
McGraw-Hill
International

Texthook

McGraw-Hill

YEAR PAGES PRICE

1965 104 7.95

1966 383 7.85

1066 72 5.85

1968 192 5.50

1967 349

1268

1968

1966 559 8.85

1967 574 9.00

1966 128 4,95 h.c,
2.50 s.c.

The

Some publications may have been omitied,

Bibliography Committee is making every effort to complete the list and any additions will be printed in
the JOURNAL OF ENGINEERING GRAPIICS as they are obtained.

Respectfully submitted

Wayne Felbarth - chairman

NEW BOOKS

MANUAL OF STRUCTURAL DETAILS FOR
BUILDING CONSTRUCTION - Alonzo Wass,
Prentice-Hall - 18968 - 386 pages,.

Designed for self-instruction, including
reviews of drawing practice, construction

symbols, and information from the whole range

of building construction.

ENGINEERING DESIGN GRAPHICS - James H.

Earle - Addison Wesley - 1969 - 757 pages

A text which integrates the Engineering

Graphics with the study of Introductory
Creative Design and the Design Proceéss.
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DECIMAL CIRCLE PROVEN FOUR TIMES EASIER!

Twice as many answers found in half the publishing space.

For a free copy from p. 83 Mar’ 67 ASCE magazine phone or write me:

DIAGRAM OF PRINCIPLE ......

UNIT PROTRACTORS  $1 each retail, $60/100 whsle.
Phone buyer at campus bookstore, or mail your check to:

Unit Protractors are calibrated to decimal circle principle.  Scale of
1000 division marks per revolution, see-through plastic, 57 diam.
One instruction sheet and sample calculation free with each order.
Used by budget illustrators, satellite trackers, frequency calibrators,
utility meters, cdometers, tachometers. Worthy of wider application.
Works copyrighted 1962,3,4, Item copyrighted 1964 and reprinted by
California Council of CE & LS 1965,6. Advertisement (©) Landsite 1968

world rights reserved except for potentiometers, daymeters, sextants,

ROGER ALGEE, E. L. T.
2611 SPRING STREET
PASO ROBLES. CALIF, 93448

Telephone (805) 238-3739

sundials, plans, calculations, reports, reviews, articles, textbooks.



Engineering Graphics texts

Now for courses that combine
technical drawing
descriptive geometry, and
graphs, graphical computation, and design—

ENGINEERING GRAPHICS

By the late Frederick E. Giesecke; the late Alva Mitchell;
Henry Cecil Spencer, on leave, The lllinois |nstitute of Technology;
and lvan Leroy Hill and Robert Olin Loving, both of The Illinocis Institute

of Technology

Based largely upon the authors classic text, Technical Drawing, this new book is
designed so that it may be used effectively in either a one- or two-semester course
combining technical drawing, descriptive geometry, graphs, graphical computation,
and design.

New Chapters on Descriptive Geometry

Engineering Graphics incorporates several new chapters on descriptive geometry,
covering Points, Lines, and Planes; Parallelism and Perpendicularity; Intersections;
Developments; Line and Plane Tangencies; Cartography; Geology and Spherical
Geometry; and Graphical Vector Analysis. A less time consuming system of nota-
tion consisting of simple arabic numbers is introduced in these chapters.

Reflecting the high standards that teachers have appreciated in Technical Drawing,
the new Engineering Graphics includes a wealth of carefully executed illustrations
and original problems,

Beginning with a section on technical drawing, the text proceeds to descriptive ge-
ometry, then to graphs, graphical computation, and design. Throughout, the au-
thors employ the same clear, teachable style that made their previous book the lead-
er in its field.

Emphasis on Technical Sketching

Outstanding in the first section on technical drawing is the emphasis on technical
sketching. The approach is unique in that it integrates the basic concepts of views
with freehand technique so that the subject of multiview drawing can be introduced
through the medium of sketches.

Engineering Graphics conforms throughout to the latest USA Standard Drafting
Manual Y 14., and includes many technological developments of the past few years.

1969, approx. 928 pages, $10.95

In addition to the problems in the text, a new complete workbook covering all
major topics will be available for use with Engineering Graphics:

Engineering Graphics Problems, Series 1, by Henry Cecil Spencer, Ivan Leroy

Hill, and Robert Olin Loving, 1969, approx. 114 sheets, paper, prob. $5.95




from The

Technical Drawing,
Fifth Edition

By the late Frederick E.
Giesecke; the late Alva
Mitchell; Henry Cecil

Spencer; and lvan Leroy
Hill

Design Graphics,
Second Edition

By C. Leslie Martin, Uni-
versity of Cincinnati

Descriptive Geometry
Worksheets
Series A, B,and C

By E. G. Paré, Washington
State University, R. O. Lov-
ing, and |. L. Hill, both of
The Illinois Institute of
Technology

lacmillan Company

Popular texts and workbooks
for basic courses.

The number one text in its field, Technical Drawing, Fifth Edition has
been thoroughly revised according to the current USA Y 14 American
Standard Drafting Manual, including the latest American Standard
on Dimensioning and Tolerancing for Engineering Drawings. The very
recent emphasis on “design in engineering” has been developed with
the cooperation of leading engineers and manufacturers who represent
the most current thinking in technical drawing.

1967, 882 pages, $9.95

(A full program of supplementary materials is available.)

Thoroughly updated, and containing a wealth of new material, this
text provides the most complete and comprehensive treatment of
graphical representation available today. It presents in step-by-step
fashion all the concepts and skills necessary for developing and pre-
senting a design. Exceptionally well illustrated, Design Graphics cov-
ers every topic of use to students or professionals in this field.

1968, 307 pages, $9.95

Designed to accompany any textbook on descriptive geometry, these
workbooks contain practical problems as well as problems that teach
relevant theory. They have been prepared to show the usefulness of
graphics in solving spatial relationships of points, lines, and planes in
engineering and technology.

Series A, Third Edition
1968, 77 sheets, paper, $4.95
(Key to Series A available, gratis)

Series B, Second Edition
1966, 76 sheets, paper, $4.95
(Key to Series B available, gratis)

Series C, Second Edition
1967, 72 sheets, paper, $4.95
(Key to Series C available, gratis)

Write to the Faculty Service Desk for examination copiés.
THE MACMILLAN COMPANY, 366 Third Avenue, New York, New York 10022

In Canada, write to Collier-Macmillan Canada, Ltd., 1125B Leslie Street, Don Mills, Ontario



No. 2960—6& INCH
(ILLUSTRATION HALF SIZE)

This instrument consists of eleven points so
adjusted that they divide their variable setting
into ten or less equal parts. It can also be used
inversely to give multiples up to ten and in
graphic solution of ratios. Adjustable distance
between points on the 6 Inch Instrument is min-
imum %", maximum %" and on the 12 Inch

minimum %", maximum 1%”.

Catalog on Requésf Covering:

Drawing Instruments Drafting Scales
Protractors $.8. Straightedges
Rolling Paraliel Rules 5.5, T-Squares

11 Pt Spacing Dividers 5.5, Triangles

Circular and Linear Engraving

for the

DRAFTING ROOM—PATTERN LOFT—LAYOUT TABLE

THEO. ALTENEDER & SONS

Muakers of Fine Instruments Since 1850

1217 Spring Garden Street Philadelphia 23, Pa.




TEACHING

THE DESIGN PROCESS
IN THE
FRESHMAN YEAR

by
Professor Ralph M. Coleman

Department of Engineering Graphics
University of Texas at El Pasgo

It is not a matter of whether engineering
design concepts and procedures will be taught
in the freshman graphics coursges, but rather
how it will be taught.

There are at least two schools of thought
as to how design projects can be included in
the freshman year and succegsfully executed by
beginning graphics students. The first method,
which appears to be prevalent in many colleges
and universities, is to apply the fundamentals
of drawing as the need presgents itself in the
design project. The second method is to feach
the fundamentals as engineering problems and
then devote six to eight weeks to the design
projects and the design process, Both methods
have been used by the author, for approximately
eighteen vears with success, but the second
method has proven to be best suited to the gen-
eral needs of the student as his training will
relate to industry.

Each method will have some disadvantages
which will be obvious to the experienced instruc-
tor. There ig a danger in the "'need to know"
method since the student may work on a design
project which will give him only a limited
knowledge of certain kinds of drawings such asg
multiview, sections, and insufficient knowledge
of dimensioning and tolerancing. This danger
would not exigt in schools where graphics is
taught for two or more semesters or where the
design process can be included in the sophomore
year.

Regardless of the method used, the so-
called "basic fundamentals’ must be included
in the freshman year. It is an established fact
that the design process can be taught to fresh-
man students if proper detailed planning and
organization is used.

Over the past twenty years the author has
developed a process and organizational proce-
dure which might be of some help 1o those
ingtructors who have, as yet, not included de-
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sign in their freshman graphics courses. Many
good authors and professors have contributed
much valuable information and many suggestions
in developing the procedures usesd at the Univer-
sity of Texas at Fl1 Paso. The organization and
procedures will be outlined in a step by step
explanation, The time at which the design pro-
ject is asgigned is of minor importance in re-
lation to the overall learning process. The
steps as listed do not necessarily have to be
followed in the order in which they are given in
this discussion.

STEP 1. When introducing the design
process, a thirty or forty-five minute
lecture ghould be prepared. If pessible,
have an engineer from indugiry give a
part of the lecture, The well-planned
lecture will be supplemented with actual
models, slides, and charts. The visi-
ting engineer must be selected with
great care. [t is in this step that ad-
ditional motivation must be given to the
student engineer.

STEP 2, Discuss and explain the de-

gign process by having the students sug-
gest several ideas for designs. As they
are suggested, list them on the black-
board. Take one of the ideas and esta-
blish the need, goals to be accomplished,
research all possible sources of informa-
tion, various concepts of the design, ex-
perimepntation, manufacture, distribution
and consumption, etc. Discuss all phases

of the design,

STEP.3. Inthe third step the instruc-
tor should assurme the role of admini-
strative engineer and proceed to orga-
nize the student engineers into satisfac-
tory groups as to sgize, student schedules,
engineering interest (major field), a-
vailability to meet at specified times
other than regular class hours, etc.

A form similar to the one shown as



Form 1 may be used. This form can be
passed out before the first step, if it

iz desirable, After the forms have been
collected and the information analyzed,
the Administrative Engineer can form
as many groups as are needed to include
all students. TFach group should have
from three to six students.

4.
5.

ENGR. DESIGN
COURSE ¢ SECTION:
YOUR NAME: AGE:
First

Last
ENGR. INTEREST {Show lst, 2nd, and 3rd choices by placing
1, 2, 3, in the circles.)

O MECHANICAL O cIVIL O FLECTRICAL OINDUSTRIAL
O CHEMICAL O ARCH. O ener. wecks. () ewsn. scs.
O METALLURGY O OTHER

YOUR CLASSIFICATION / /Freshwan / /Soph. / Jdunior / 7Senior

FILL OUT FOLLOWING WEEKLY SCHEDULE, MARKING COURSES TAKEN
TN APPROPRIATE TIMES; IF UNAVAILABLE AT OTHER TIMES, MARK
Yf# IN CORRESPONDING PLACE.

HOURS MON. TUE . WED. THURS . FRT . SAT

<

:00-4:00

:00-10:00

]

1

=

£00-11:00

1

=

100-12:00

12:00-1:00

=

:00-2:00

2

100-3:00

3:00-4:00

4:00-5:00

YOUR CAMPUS ADDRESS: TEL. XNO.

YOUR HOME ADDRESS: TEL, NO,

NAMES OF OTHER STUDENTS IN YOUR SECTION WITE WHCM YOU MIGHT
LIKE TO JOIN AS A STUBENT GROUE.

CAN YOU BE FREE FOR GROUP MEETINGS (0N CAMPUS) ON WEEKDAY

NIGHTS? ON SATURDAYS?
10. REMARKS:
_FDRM 1,
STEP 4, Aunnounce, to the student,

which group he will work with.

STEP 5.. Appoint a "Project Engineer”
within each group or permit the group
to select their own leader. Announce
that all others in the group will have the
title of Assistant Project Engineer. At
this point, the administrative engineer
must stress that the project engineer is

responsible for the work of his assistants

and must make regular reports io the
administrative engineer.

STEP 6. Pass out a form similar, io
the one shown as Form 2. Omnthis form,
members of each group will suggesti
ideas for their design project. The
Administrative Engineer must analyze
the feasibility and scope of the sugges-
tions in relation io the time alotted and
the students' ability. They will call
upon many sources for information.
Should any group fail fo suggest a feas-
ible project, the Administrative Engi-

Idea #1.

EWGR. DESIGN
DATE:

—_———

DESIGN IDEAS

The following idea or ideas are hereby submitted for
conaideration as a design project to be completed this
samester in partial fulfillment for credit in Engingering
aGraphics.

Tdea #2.

Idea #3.

Respectively Submittad By:

Last First Middle

FORM 2.
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neer must be prepared to suggest a
large number of ideas. Without excep-
tion one of the degign ideas will be ac-
cepted.

STEP 7. After the project has been
decided upon, pass oui a sufficient sup-
ply of reporting forms similar to Form
3. Explain the reporting form and again
stress the importance of the role of the
Project Engineer in listing the work
accomplished, the work planned for
the next gession or group meeting, or
the failure to work by anyone in his
group. The Project Engineer's signa-
ture as well as that of the Assistant
Engineer must appear on every report.
This type of reporting will prevent non-
performance by various individuals,

The reports are turned in to
the Administrative Engineer at the end
of each class period. The repori must
be studied in every detail so that the
status of each project will be known at
all times.

NOTE: A large graph, posted where
all groups can compare their progress
with that of the others, has been found
to be useful by the author. The chart
or graph can be kept current by the of-
fice secretary or lab agsistant.




ENGR. DESIGN

DESIGN FROJECT
Individeal Progress report

Name of Project

Name of Project Engineer Date,

Report Ne.

Work Completed Last Period: (Give Details)

Work Planned for Next Period: (Give Details)

Record of Time Spent:

Tasks Worked On

Hours
Expended

O

signature of Assistant Project

Section No. Engineer

Group No.

Signature of Preject Engineer
FCRM 3.

STEP 8. After the first sevn steps
have been initiated and are functioning,
call an executive meeting of all Project
Engineers and conduct the meeting in
the form of a conference. The mseting
place should not be in a regular class
room if it can be aveoided., The meeiing
place should give the impression of a
board of directors' meeting with name
plates for each Project Engineer placed
on the conference table, At these meet-
ings, which should be called at least
once a week, an oral report is given in
a formal manner, by each Project En-
gineer, as to the status of his group's
design project. If possible, the Admin-
istrative Engineershould have his sec-
retary present to take notes on each
repori, not for the purpose of grading,
but as a matter of record-keeping. The
Project Engineers should be informed
of this procedure, Each report should
be limited to 5-8 minutes.

About once each week the
Assistant Engineers of all the projects
ghould be assembled without the presence
of the Project Engineers. In these
sessions, problems in each group may
be discussed and solutions found. By
meeiing with the Agsigiant Engineers;
no one will feel that he is left out of the
overall plan, It can also be determined,
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in these meetings, whether the Project
Engineers are funciioning in a satisfac-
tory manner,

A few of the design projects accomplished
in the freshman year, at the University of Texas
at El Paso, are shown in thé following figures.

In Figure 1 the problem was to design
an educational toy for use in the Head
Start program. This design has atiracied
the interest of firms concerned with the
manufacture of educational toys. No de-
tails of the toy will be mentioned because
of the present exposure for manufacture,

Figure 1

In Figure 2 the problem was to design
an AUTOMATIC SWITCHING JUNCTION
BOX which would allow several items of
equipment to be operated using one gener-
ator and provide a means of switching gen-

erators without de-energizing the eguipment,

The students shown in Figure 3 are
demonstrating and explaining, inthe oral
report, their concept of an overpass for
pedestrians on the U. T. El Paso campus.

Figure 4 is a propsed Siren System to
activate a car radio to let the driver know
that an ambulance or police car is demand-
ing the right-of-way. Research had to be
done through Federal Communications to



Figure 2

Figure 3

determine a frequency and other lawful
aspects. The working model illustrates
that considerable technical knowledge and
regearch was used.

Figure 4
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Figure 5 is a propsed Monrail System
connect ing the two international cities of
Juarez and El Pasgo. At firgt, this project
appeared to have a scope beyacn the abil-
ity of the freshman student. Such was not
ithe case. The design of the mechanical
structures and humanistic elements, such
as load, time, cost, immigration inspec-
tion, etc., was an excellent example of
what a group of freshman engineering
students can really do.

Figire o

Figure 5b

For the wives who have trouble backing
the family car onto the street, may use a
turntable such as the design shown in the
Figure 6. The prototype is a good example
in teaching gears, gear ratios, and the use
of standard msaterials when possible.

The teaching, or cecordination, of
graphics with the use of the computer and
the Cal-Comp Plotter was well illustrated
in the oral and written report and a work-



Figure 6

ing model, The problem selected was a
design for an Acoustical Cone for an out-
door area or a high fidelity set. Certainly,
the subject of acoustics is complex and
well in advance of the scientific and tech-
nical ability of the freshman student, but
in this project the design group was able
to determine the correct curvature of the
"cone" for the proper deflection of sound
when produced in an area below ihe cone.
The program was puached and fed into the
computer with a multiple of variables.
The deflections of the sound waves were
then plotted on the Cal-Comp Plotter.

The optimum deflection determined the
desired curvature of the cone. Projects
of this type illustrate how graphics can be
coordinated with other disciplines and
departments. See Figure T,

Additional design projects, accomplished
in the author's clagses included such items as a
Landing Area for a Helicopter Field, Fertilizer
Spreader, Underwater Scooter, Anti-Skid Device,
Transparency Stabilizer, Fall-Out Shelter, etc.

A LOOK BEYOND (continued from page 3)

it would appear plausible that those teachers
vigited would welcome to get a first - hand ac-
count of the latest developments in Graphics
Education in the United Siates.

In the fall of 1969 the University of Texas
at E1 Paso will offer a second semester course,
following the basic graphics course, which will
be Freshman Engineering Design. This type of

course will further stimulate the student to use
his knowledge of graphics in the engineering
process,

ue 7

SUMMARY. By having a definite plan of
organization and procedures, the graphics in-
gtructor will find that he has a controlled situa-
tion and can expect pleasing results. Both, an
oral and typewritten report should be requirad
from each group. The oral report should be
given before an audience of fellow classmates,
Engineering Faculty, and engineers from industry.
The oral and written reports may be conducted
ag a countest with judges selected from industry.
The instructor of graphics must not feel that a
panel of judges is absolutely necessary. Enthu-
siasm znd zeal can be attained by merely having
a learned audience present from the engineering
profession.

{Pictures by Otto Hans & Frawley)

writers may find it possible to take a leave of
absence for this purpose with a grant to back
them.

The information gathered in this way may

not necessarily be useful in our specific individual
efforis, but I refuse to believe that such an ac-
tivity would not be a mutually beneficial enterprise.
We would certainly all gain by this kind of exchange
of ideag , if for no other reason than simply to be
better informed teachers.

Who would undertake a venture of this
kind? Two situations which would make a
journey feasible for an individual come to mind:
1) Certain teachers may find such a venture a
suitable condition for receiving sabbatical leave.
Or 2) those among us who are successtful proposal
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THE
ENGINEERING FUNDAMENTALS
SERIES

Developed by
Virginia Polytechnic Institute

The ENGINEERING FUNDAMENTALS
SERIES is specifically designed for a sequence
of instruction that integrates the traditional
courses in Engineering Drawing and Descriptive
Geometry. Problems in the books on graphics
consist of both freehand and instrument drawings
that help the engineering student understand the
application of graphics to the engineering pro-
fession. All drawing pages are printed on white
ledger paper.

Graphics—Book |

Joseph B. Dent and W. George Devens
Virginia Polytechnic Institute

Graphics—Book One presents the theory of
orthographic projection in the study of points,
lines, planes, and solids.

1968—%3.25

Graphics—Book Il

Joseph B. Dent and W. George Devens
Virginia Palytechnic Institute

Graphics—Book IT coatinues the study of
projection in pictorial forms—axonometric, ob-
lique, and perspective—for additional projection
theory and training in three dimensional space
visualization.

1968--%$3.25

WM. C. BROWN BOOK CO
An Affiliate of

WM. C. BROWN COMPANY PUBLISHERS € Dubuque, lowa 52001

Graphics—Book il

Joseph B. Dent and W. George Devens
Virginia Polytechnic Institute

Graphics—Book III presents Descriptive Ge-
ometry through the application of basic projec-
tion principles to the solution of engineering
problems.

1969—83.25

An Introduction to
Computers and Elementary
Fortran—Book [V

Robert C. Heterick and James H. Sword
Virginia Polytechnic Institute

An Introduction to Computers and Elemen-
tary Fortran-—Book IV presents an overview of
the computer and its use as an engineering or
scientific tool. The language and machine speci-
fications conform, in general, to computers of
the IBM 360 series but may be adapted to others.

1969—%$3.25

Notes on Graphical

Calculus and Vector Analysis

D. H. Pletta and W. George Devens
Virginia Polytechnic Institute

Notes on Graphical Calculus and Vector
Analysis supplements text material used in the
freshman engineering course. Topics covered in-
clude graphical calculus, vectors and vector
algebra, and hyperbolic functions.

1969—51.25
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Third Edition

James §. Rising and Mourice W. Almfeldt
fowa State University

This text presents the basic principles and
graphical theory of communication drawings in
a logical and integrated manner. Innovations in-
clude the initial introduction of orthographic and
multiview projection by the study of a point and
its spatial location. Experience has shown that
the student can better visualize the principles of
projection applied to a point in space rather than
to a solid with the complications of invisible edges
and surfaces. The next logical step joins two
points to form a line, with succeeding steps to de-
velop basic theory of the plane and the solid.

Included are numerous illustrations and all ap-
pear on the same or facing page as the related
text material. The third edition containg an en-
larged umit on Production Dimensioning which
includes ASA cylindrical parts; Z and N charts;
and concurrency charts. Practice problems from
the several fields of engineering illustrating prin-
ciples previously discussed are presented at the
end of each unit.

416 pp.—Cloth Bound—%$8.59

Problem Book |

James S. Rising and Carl A. Arnbal
lowa State University

This set of engineering graphics problems is
keyed to the first 16 units of the text and is de-
sigcned for a semester’s work. Contained are 76
sheets of problems; layouts for practice of graphi-
cal theory, engineering applications and worded
problems; and quality green tinted drawing paper
for all problems.

$3.95

Problem Book Il

Maurice W. Almfeldt and Carl A. Armbal
lowa State University

This set of engineering graphics problems is
keyed to units 17-37 of the text and is designed
for a semester’s work. This workbook contains
88 sheets of problems; graph paper in 10 x 10,
log and semi-log for the graphical analyses found
in units 33-37; and quality green tinted drawing
paper for all problems,

$4.95

NOTE: An answer key is available for those problems in Book | and Book 11

WM. C. BROWN BOOK COMPANY
An Affiliate of
WM. C. BROWN COMPANY PUBLISHERS 4 Dubuque, Iowa 52001




by
Eari D. Black
General Motors Insiitute

The trend in using design as a vehicle for
teaching engineering graphics and its integration
with other courses in engineering education
raiges several questions that should be consider-
ed. First, how can the fundamental principles
be emphasized? How can creative design be
taught effectively? How can individual student
interest and & sense of responsibility be main-
tained? Ilow can practical applications be used
without monotonous stereotyped procedures?
How can an atmosphere of reality be provided in
class situations? How can student progregs be
evaluated? (and) Doeg the teacher need more or
less time for preparation and teaching ?

To explore these guestions the author con-
ducted an experiment over a three year period,
1965 to 1968, using the team approach in teach-
ing graphics integrated with de sign, involving
over 468 students in 24 individual classes. The
classes averaged approximately 20 students who
completed the beginning course from an average
initial enrollment of slightly more than 21 stu-
dents per class. The classes were divided into
teams of three to five members, working to-
gether on design problems during laboratory
sessions.

When measured by the final examination
scores, given to all students taking the course,
there is little measurable difference in know-

- ledgeable facts attzined by students involved in
the team approach to learning. The true value
of team organization within a class as is the in-
tangible factors. Most students seem comfort-
able and interest runs high where design is used
as a vehicle of instruction. A reduction of stu-
dent absences and fewer fregshman dropouts add
weight in favor of the team approach,

CILLASS ORGANIZATION

It was apparent, from past experience,
that classes vary in individual previous train-
ing and ability. Therefore, a diagnostic test

USING
THE TEAM APPROACH
IN TEACHING
ENGINEERING |
GRAPHICS and DESIGN
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was designed and validated to determine the
starting point of ail students in each clags in
order to make a more accurate comparisen and
conclusion. This test consisted of four pages
and was given to all students during the first
hour of the first laboratory session. Diagnostic
seores were recorded individually for later com-
parison of progress in grade attainment.,

The diagnostic test consisted of 8 prob-
lems in form comparison, 14 problems in
matching pictorial drawings with corresponding
multiviews of objects, and 12 line-completion
drawings which included primary auxiliary and
sectional views. '

By the end of the second laboratory ses-
sion, students were agsigned to teams of which
at least one student had attained an average or
above average diagnostic test score. Students
from the same sponsoring GM Division were
also assigned to different teams, Team group
leaders were determined by two methodg. At
the beginning of the experiment they were se-
lected on the basis of the diagnostic test score.
Later they were selected by the team group and
were changed at the end of each six weeks to
give more gstudents practice in coordinating
team projects.

TEAMWORK

Teamwork means joint action by a group..
Teamwork is a necessity in our lives, and eg~
pecially in American industry. In most labor-
atory instruction it is difficult to prevent more
or less unorganized teamwork. This usually
consigts of two or three buddies getting together
and making comparisons of individual work per-
formances, If another student proposes an idea
that is better than his own, he ig likely to change
his own approach. The change can either broad-
en his experience or throw him into a state of
semi~confugion,



Casual teamwork is also obvious when
three or four students congregate around an-
other who automatically becomes a leader.
Such an unorganized group ofien gets noisy and
disturbs others around them.

Organization of teamg should minimize
confusion by established rules of operation. The
work area assigned to individuals should be con-
venient to the team group. Problem assignments
should be selected to require working together
but should also require individual performance
on a given unit. Open-end design problems
should have more than one satisfactory answer,
but should have an objective of proper function
with simplicity and economical processes. Iach
team member should be required to do his share
of work involved. Detailing should be divided
into even work loads. Each student should be
‘able to answer any guestion directed to his team.

There is an old saying "It is by our mis-
takes that we learn.” Each team member can
make sketches of his own ideas and then discuss
them with the others. In this way he will devel-
op in ability to analyze and reconstruct design
requirements and get practice in communicating
his ideas man to man. He should develop in
ability to determine where he has erred or
help others to see where they have made mis-
takes. By comparing ideas, mistakes can be
correcied before they are incorporated in the
design and before it is finalized.  Added ex-
perience is gained by the exchange of ideas with
others.

Working by teams can also be a help fo the
timid student who hesitates to ask questions of
the teacher, It provides a supervised and ethical
means of discussion among students that can be
organized with some control. The team approach
also gives the student experience in the give and
take that is needed when working with others.
Furthermore, added interest tends to motivate
the student and has helped to reduce the attrition
rate of students who drop out of school, It de-
velops & sense of responsibility through the dis-
tribution of the work involved.

Of course there are some disadvantages in
the team approach that should be carefully con-
sidered. Some students may overdepend upon
the others of his team. The teacher should care-
fully check group discussions, not only to pro-
vide a semse of direction, but to give proper
supervision. The group leader often develops
a possessive attitude and an extra measure of
responsibility rather than limit himself {o co-
ordinate activities, thus antagonizing his fellow
team members. Also, a few better studentg
may feel that the slower student is a drag on in-
dividual progress. These students may react
negatively to the team approach, Too, a group

digcusgion can easily be turned to subjects
foreign to the problem assignment. The teacher
should make it a point to check such conditions
and take measures to correct any irregulari-
ties

GRADE ATTAINMENT COMPARISONS

Figures 1, 2, and 3 show the results of
the Diagnostic Test and a comparison of Actual
Grades Attained by studenis participating in the
experiment in three successive years.

Figure 1 shows that 10 students of 147 in
the school year 1865-1966 began the course in
Graphics for Engineers with a probability of fail-
ing. Yet the lowest final grade was 70, a pass-
ing grade without honor points, The diagno stic
test score median for this group was 80, while
the actual grade attainment median in the course
was 86, Grade distribution ranged from 70 to 95,
A slow start did appear to hold back the beiter
students, In fact, 2 student diagnostic test
scores indicated a capacity of 96 and 98 respec~
tively, Class cize averaged 18.3 for & clagses
participating in the experiment.
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1965-I966 GRADE AND DIAGNOSTIC TEST DISTRIBUTION
FOR 147 STUDENTS IN ENGINEERING GRAPHICS
LISING TEAM GROUPS DURING { ABORATCRY

SESSIONS.

Fig. 1

Figure 2 shows the grade attainment and



Diagnostic Test Score distribution curve for 162
students participating in the experiment during
the school year 1966-1967. The diagnostic test
scores indicated 17 students beginning the course
with a probability of failing., The class median
for the diagnostic test score was 78 ~-- two points
lower than the previous year, However, the
median for actual grade attainment was 86,7

for the end of the course and the grade gpread
was from 73 to 97. The top grade potential and
actual grade attainment was the same. Eight
classes averaged slightly over 20 gtudents per
class,
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Fig. 2

Figure 3 shows the Grade Attainment and
Diagnostic Test Score disiribution curve for 161
students in 8§ Graphics for Engineers slasses
averaging slightly over 20 students per class.
This group had 3 students who began the course
with a probability of failure. There were only
two failures, The low grade was 55 compared
to a 58 probability. The high grade prediciion
was 38 compared to 96 probability. The diagnos-
tic grade median wag 82. The expected grade
attainment median and actual grade earned me-
dian were both 85 for this year. The same di-
agnostic test was used for all classes.

STUDENT AND TEACHER REACTION

Students who were either appointed or
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elected as group leaders were asked to write a
report of their activities, reaction, and special
problems which they face with the team ap-
proach. They were requested to be objective
to list both the advantages and disadvantages of
using the team approach.
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Fig. 3

STUDENT AND TEACHER REACTION

Students who were either appointed or
elecied as group leaders were asked to write
a report of their actlivities, reaction, and spe-
cial problems which they faced with the team
approach. They were requested to be object-
ive, to list both the advantages and disadvan-
tages of using the team approach, and to hold
their reports to a maximum of two pages. The
following is taken from 65 student reports, and
remarks are listed in the order of number of
times mentioned,

All 85 group leaders expressed
opinionsg of benefit to themselves for
having had the experience of coordinat-
ing group assignments

Twenty-eight reports indicated that
the group leader learned more {rying to
help others. Twenty-eight students also
thought that they may have been of some
agsistance to the teacher in helping slow-
er students with small details. Twenty-



three group leaders spent excegsive time
in coordinating team efforts and had dif-
ficulty in completing their own part of
the assignment.

Twenty-one reports showed that the
group team efforis gave students practice
and developed skills in communication of
ideas and problems between the "workforce”
and "management'’. Twenty reports list-
ed the idea that the group leader can be the
main link between the teacher and individ-
ual students. FEighteen listed the develop-
ment of a sense of regponsibility to the
group ag a major benefit of using the team
approach

Twelve reports okjected to the group
leader having to spend more time studying
in order to coordinate the work to be done.
Eleven reports declared that the group ap-
proach provided experience in leadership,
and nine reports recognized that poorer
studentsgot more individual attention using
group methods of instruction, Nine reports
listed the group method as providing orga-
nized cooperation among students.

Eight reports listed "the success of
the group gystem depends upon a clear un-
dersgtanding of the group leader responsibil-
ity versus that of the other members of the
team.'" Eight reports also listed having
practice in coordinating the work of others
as an advantage to the team group system,
and eight listed the advantage of easily and
quickly dispensing needed information a-
mong students in the class.

Seven reporis expressed the idea
that the team appraoch to learning provid-
ed the group leader numerous opportunities
for reviewing subject coverage. Sevenre-
ports suggested thai the group leaders
helped to organize the class.

Six reported that the group approach
tends to encourage cooperation as well as
require coordination among the students of
a team.

Five reports suggested that the group
leader should be given detailed preliminary
instruction in order ro be of maximun ef-
fectiveness with the group, and five report-
ed that students may depend too much on.
one or itwo others of the group to solve the
problems to their own detriment.

Five reports expressed a satisfac-
tion gained from being able to help others
and indicated that this satisfaction more
than made up for the extra time required.
Five reports listed team organization with-
in a class reduces petty questions about
assignments, as well ag promote better
work on the part of most students,

Four reports indicated the approach
requires more definite boundaries of oper-
ation. Four said a poorlky chosen group
leader can be a hinderance io the group
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instead of an asset. Four reports gave the
objection that group leaders lack expe-
rience in distributing assignments and or-
ganization of work to be done and can
easily make errors where special atten-
tion should be given to students.

Four claimed the group leader often
lacked the experience of others in his
group. Yet four reports listed the team
approach as offering the studeni, new to
graphical methods, a sort of iutoring ser-
vice as a point in favor of team groups
within a class. Four reports listed "sgiu-
dents learn to spot errors in the design
stage before production tools and proces-
ges are begun,'' and four listed "the team
tends to test the individuals within the
group by the exchange of ideas.”

Three reports suggested that the
team approach helps students in budgeting
time available, and that being a member
of a team required working faster and
more accurately on the part of all mem-
bers of {he feam.

Three reporis suggesied that the
evaluation of the coordinating on the part
of the group leader and his extra work
requirement is difficult, and three gave
the objection of '"the method for determin-
ing the group leader was inadaquate, ' and
further, that it can be difficult for the
teacher to be sure thai the group is being
ted "down the right alley., "

Two reports stated that the team
approach tends to reduce teacher involve -
ment with students unles he gets "'nosey, "
and students are reluctant to ask for help
from a group leader who knows little
more than they da. Answering stupid
questions by other students wastes valu-
able time, was listed on two reports. Two
indicated that some students resent the
leadership of other students in the class
as per two group leaders. The team ap-
proach tends to divide the class into dis-
tinct cligues, was claimed by two.

Working by teams sometimes twists
and turns the simpiest of problems to dif-
ficulty, said two reporis, and the team ap-
proach was acceptable. At times, it was
either too flexible or too rigid in opera-
tion, was listed by iwo other reports.

Two reports listed the team appreach
gives the shy student an easier way to
find information by individual discussion
on a student level. Two claimed that the
team coordinator, usually being a better
gtudent, does not need as much time as
others and has a profitable time in self-
improvement in basic understanding and
practice in communication. Two listed
the team approach tends to relieve student
tension where a large class makes it im-
practical to have constant contaci between



the teacher and individual students.

Being a group leader requires that
he be "on top" of each assignment, was
claimed by two reports.

One report claimed that the team ap-
proach changes individual student status
from one of nonentity to one of recognition
and one claimed that the group dpproach
tends to develop student independence even
though they help each other.

EVALUATION

Contrary to seme student opinions, using
using the team approsach does not reduce the
student-teacher contact time with the alert and
conscientious teacher. Nor does it reduce teach-
er preparation time. The class instruction time
must be carefully prepared and presented in
order to adaquately emphasize fundamental prin-
ciples to be learned, Creative design should be
coincidental to ingtruction and encouraged as an
opportunity for analysis and application of fun-
damental principles. The design processes can
be used as a motivating device for increasing
student interest with less monotonous and stereo-
typed preocedures in teaching. The mere fact that
students have a common problem in design pro-

vides an atmosphere of reality in class,situations.

Student progress is evaluated in much the
same manner asg with conventional classes. A
grade value for each student’'s performance can

be establifhed on the bagis of time requirements,
complicity of the work, and the individual's qual-
ity performance. Project units can be classified
as: easy, medium easy, medium difficult, and
difficult. Grades should be recorded accordingly.
The diagnostic test scores can be used to show
the student's individual progress and expected
performance,

The mere fact that a student is working on
a common team problem ahd his individual ef-
forts contributes to the progress of the entire
team achievement, develops a sense of respon-
sibility, increases his interest, and promotes
an increased effort on his part, He is usually
desirous of making a good impression on hisg
teammates as well as the teacher.

Final examination and grade achievement
of individual students involved in the experiment
indicates that creative design can be integrated
in beginning engineering. graphics courses, at
least in limited portions,, without reducing actual
learning achievement in required factual knowl-
edge and engineering principles normally expect-~
ed.

The chief value and intangible factor of
the experiment was the apparent happiness and
enthusiasm of participating students in combin-
ing the team approach to instruection with a mea~
sure of creative design. A happy and interested
gtudent makes teaching easier.

Designing At GMI
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R8AP in metal case or wood case
Instruments heavily chromium plated
Satin Finish or Highly Polished

Available Instruments and Set Combinations

R400 8% Miracle Bow fixed pencil

R&4 6%" Miracle Bow with pen and pencil attachmen:
and slip handle threaded needle point

RG4A Same with lengthening bar

R108 68" divider

R113 4% bow divider (not shown)

R114 4%" bow pen (not shown)

R115 4%" bow pencil (not shown)

R113D/A 412" bow combination with pen, pencil and
divider attachments

R118 Crep bow (not shown)

AllIndividual Instruments Attractively Packed
in Plastic Sheath

RO52 R400, R108 in plastic sheath or hard piastic case
RO52P Same with mechanical pencil MC82
RO55 R400, R108, R115 in wood case

RE64 In hard plastic case
R&4P Same with mechanical pencil MC82
R1 R64, R108 slip handle in wood case

R1A R64A, R108 slip hand!e in hard plastic case

RE8AP R&4A R108, R1130/A siip handie In metal case or
wood case

RBAP Same plus Gramo-inker holder, 2 extra nibs,

Gramo 2 meachanical pencils MC82 in hard plastic case

Al sets come with lead and needle boxes, screwdriver,
and polishing cloth

Instruments are heaviiy chromium plated

Avajlable in satin finish or highty polished

RIEFLER. Gramercy

Miracle Bow Series



R441 The Compact Dratting Kit

Content:

R400, R108 acrylic triangies 45° 6™ and 60° 8, protractor 180°57
curves #80 and #82, metal erasing shield, 2 mechanical pencils MC82,
1 exira lead, leadpointer, circle template #1117, plastic eraser,

lead and needlebox, special combination scale 6" with architects,
civil, mechanical engineers divisions, engine divided—extra

addition: lettering guide

Also sz_ailable:
R440—Same however R84 with pen part and slip handle instead R400C
and eraser







Thig article describes a procedure for
plotting functional scales. The procedure is va-
1id only for singlé-valued functions, but a func-
tion with & double value could be plotted as two
geperate scales. The plotted scales may be a-
ligned with appropriate geometry to produce no-
mographs. A parallel-scale nomograph can be
produced directly. Other types could be put to-
gether by a paste-up technigue or a refinement
of the computer program. The procedure will
not draw curved-line scales as pregently written,
but this is also a possible outgrowth of the pro-
gram.

The procedure to draw the tunctional
scales has nine parameters (X0, YO, VI, VF,
INTL, INTT, MD, NDEC, and FUNCT).

The tirst two, XO and YO, are the x and
v coordinateg, in inches, of the left-hand end of
the scale. The value of the variable which will
appear at this point is VI (initial or left-hand
value).

The next two parameters are the initial

value (VD) and the tinal value (VF) of the variable.

The initial value will appear on the left end of
the scale and the final value will appear on the
right end, Unfortunately there are certain re-
strictions on these parameters. They may be
positive or negative, but cannot have more than
5 digits to the left or 5 digits io the right of the
decimal place. These restrictions are imposed
by the plotter soitware, as certain values will
be labeled with numbers and the plotter package¥
will only write numerical values within these
ranges. The number of digits which will be
printed is determined by the eighth parameter,
NDEC. Algo, either VI of VF may be zero.

This procedure which draws the function-
al scales is dependent upon the user for certain
intelligence. It assumes that the user has made
some calculations beforehand, and has selected
such items as a scale modulus or a functional
modulus. The parameters Vi, VF, INTL, INTT
and MD are interdependent, and camnot all be
gelected at random. More will be gaid about
their relationship after each has been briefly
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described.

The next two parameters are INTL (in-
terval between labeled tick marks) and INTT
(interval between adjacent tick marks). They
must be in agreement with the previous two pa-
rameters, V1 and VF, and in agreement with
each other, For example, agsume we are ploi-
ting a scale of R which will range from R=1to
R=7(VI=1 VF =7). We could select an in~-
terval for tick marks of INTT = +2 or +1 or +b
or +.01, bui we couid not use an interval of +2.5
or 0.9 or + 0.7.

The number of tick-mark intervals must
be an integer, and is equal to the total range
(7 - 1) divided by INTT. Assume we let INTT =
+.05 in this example, This would result in 120
spaces between tick marks (6/.05 = 120) or 121
tick marks. See Wigure 1(a).

Usually, we would not label each tick
mark with a number, so we select a second in-
terval (INTL) for labels. In our example, INTL
could be +0.5 or +0.1 or +2,0, but again it could
not be +0.7 or +4.0. INTIL must agree with the
range (VF - VI) so that the number ot the iabeled
Furthermore,
INTL must agree with the tick mark interval
(INTT) so the ratio of these two (INTL/INTT) is
also an integer. This means that we can label
every fourth or tenth tick mark, but cannot label
every 1 1/3th or 3 1/2th tick mark. In the same
example, if we chooge INTT = +0.5, we could let
INTL = +1.0. "This means that every 20th tick
mark (INTL/INTT = 1.00/.05 = 20) would be la-
beled, and we could plot numbers i, 2, 3, 4, 5,
6, and 7 on the scale. See Figure 1(a) for a plot
of this scale.

in a non-linear scale, it is somewhat dif-
ticult to predict crowding of labeled tick marks,
so the program only prints the numerical values
when sufficient space is available. In crowded

% The 0-0003 Calcomp Plotter package was
used with ALGOL language on a Burroughs
5500 computer and a Calcomp. 370 digital
plotter in all this work.



Figure 1(a)

1.00 2.00 3.00 4£.00 5.00 6.00 7.00
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Figure 1(b)
7.0 6.0 5.0 4.0 3.0 1.0 :
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Figure I(e)
-7 -6 -5 -4 -2
conditions, some labels will be omitted, any event, the computer does not select the modu-
lus, and this information must be calculated by
The two parameters, INTT and INTL, the individual and furnished to the computer.
must carry the same correct sign. If the val- This particular program is written so that the

ues (from left to right) are increasing algebraic-
ally, then INTT and INTL must both be pogitive.
In our example of VIi=1 and VF =7, both INTT
and INTL are positive. See Figure 1(a}, where
f(R)=R.

I VI=7 and VF =1, then both must be
negative. See Figure 1(b}, Also, if VIi=~1 and
-VF= -7, then both must be negative. If VI=-7
and VF= -1, both ghould be positive as the val-
ues of the variable T are increasing {o the right.
See Figure 1(¢), where f(T)= T3,

Also, notice in Figures 1{b) and 1(c),
some tick marks have not been labeled with g
number. The program omitted the numbers to
prevent crowding.

The next parameter (MD) is the functional
modulus, Thig factor equates the length of the
scale (L} to the range of values in the following
formula; .

Ly, = MD [f(n)]

This gives the length (Ly) in inches along the

gcale where the value N will be located (measured
from Li=0}. The total length of the scale, ig there-
fore Ligtg1= MD [£(VF) - ({VT)].

Generally, for a 3-scale nomograph, the
value of MD is chosen for two scales by selecting
a range and an approximate length., The spacing
between the scales, and the two moduli (M,Dl and
MDg2) then determine the third modulus (MDS). In
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moedulus is always positive,

The eigth parameter, FUNCT, is the name
of the procedure which describes the particular
function which is being plotted, Thisg procedure
must be declared before the FSCALE procedure
uses two procedures from the Calcomp plotter
package 0-0003, and this plotter package must
precede the FSBCALE in the program. The two
plotter procedures are PLOT (draws straight
lines), and NUMBER ({prints values of the variable
to label azes). Generally, a third procedure of
the pletter, SYMBOL, is also used, which can
print the name of the variable (such as "R", "§",
and "T") near the appropriate scale, and also to
print s title.

Before FSCALE can be called on to begin
the drawing, an origin must be astablished by the
proper statement as described in the plotter pack-
age. For example, PLOT (0, 0, -5) was used in
this program. After all the ploiting is complete,
a final statement, such as PLOT (20, 0, -3), is
necessary.

Figure 2 shows a nomograph for the rela-
Honship between three variables, (X, Y, and Z}
such that 1.62X0.5 - 2,0Y%4.61 = 5.25Z. This
nomograph was drawn by inserting six cards into
a deck which included the general procedure
FSCALE, the plotter package and three small
procedures. The six cards that drew this parti-
cular nomograph were:



FN1a—1.62 x {(¥V) ¥ 0.50)%; were to be pletted which would include over 1000
FNz=e— -2.0 x ((YV} * 4.61)%

FN3=- 0.230 x ZV; tick marks, this number must be increased to
SCALE (10.0, 8.a0, 0, 900, 100, 10, ©.20, 9, FN1}; 1]
TROALE (10.0. 2,50, 2.00, 1.00, -0.20. -0.02, 0.20, 3, FN2Z} some value greater than the number of tick marks.

W¥SCALE (9.88, 3.50, -200, 200, 30, 10, 0.10, 0, FN3}

All the cards which have FS numbers at

The first three cards detined the particular func- the far right are part of the general program, and
tion for each scale, and the last three called upon would remain in, regardless of the nomograph
TSCALE to draw the scale, using the nine para- which was being drawn., The unnumbered cards
meters discussed earlier. are those specifically punched for this program.
The program took 29 seconds processor time,
Additional cards were added that put on 42 geconds 1/O time, and about one minute to
such frills as labeling the axes X, Y, and &, and plot. The cost would be about $1.75.
adding the title, A complete listing of the program ‘ )
appears at the end of the article (Figure 3) except The necessary preliminary calculations
that the Calcomp ploiter package is not listed. and decisions which were made before the final
three (FSCALE} cards were punched are shown
The program contains two check poinis briefly below:
for errors. If the range of the values (VF - VI) % fo = 162505 x range 0-900
is not divided into an integral number of spaces, = f(x) range 0-48.8
the program will write ''N IS NOT AN INTEGER" let Ly = 10.0'; if MD_ = .20, then Ly = .2(48.8} = 9.76"

and stop running, The other check point is for

; : Y fly) = -2.0 4,81 v range 2 tol
1§ngth, If a modulu.s and a range of values is - Hy) iange (~2.0) - (-48.8) = 46.8
given that would produce a scale over 30 inches let Ly =10.0"; if MDy = 0.2C, then by = .2{48.8) = 9.36"
long, the program will write "SCALE IS OVER
30 INCHES" and stop running. This was added to - i S0 o 10
prevent an error in the modulus {for example) = Pomytmy 4
from plotting a fantastically long scale. This flx) range -48.8 when x=0, y=2
could be by-passed by changing one card. 48.8 when x=9300, y=1
7 range {approximately} -200 to 200
. . Li.ggp = ~5.00"
The array on card F50230 has arbitrarily L_1g5 = -4.88"
been set at 1000 elements. I a very long scale 5.00" - 4.88" = 0.12"

0.5 4,61
NOMOGRAPH OF 1.62 X - 2.0Y =0.257¢

r I 3 T 1T T 1T 1T l TTTTTTY II|]IlHIl_l|llIIIIIl1|1|1|llIIII!lIIIIHHIHIIIIIl!lllllllllllllllll]l||

0 1G0 200 300 4o0o 500 700 900

Z ]||||'|i1||i1||||||1|||1:1|||||1||||l|1|||
-200 ~150 -100 -50 0 50 100 150 200

T L ALIL B A l11|IIIIlI|llIIilllll]llllllllllﬂllllﬂll
2.00 1.80 1.60 1.40 1.00

Figure 2
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The author rezlizes that many readers
use FORTRAN and languages other than ALGOL,
and that this program, in its present form, may
not be of immediate use. However, anyone with
gome programming experience and an interest in

preparing nomographs could probably readily
convert it to his particular needs. If anyone has
questions regarding it, the author would be giad
to try and answer them. o

BEGIN CF30U190
COMMENT THIS PROGRAM PRODUCED FIGURE 2:

REAL X0s YO) F$50030
INTEGER 1, Js» N} FSuug40
ALPHA ARRAY TL1LOQ381, TL2[0%11s TLIL[O211s XLLOtT13, YLIO#13s ZLIO1115 ’
REAL PROCEDURE FNI(XV); FS50070
VALUE XV; FSGOUT1
REAL Xv3; FSo0u72
BEGIN F50073
FNt & 1.62 X ({XV)*0,50)}

END OF FN13 FS0079
REAL PRGCEDURE FN2(YY); FS0080
VALUE YV FSUUSEY
REAL YVJ FS0082
BEGIN FS0ua3
FN2 &« =240 % ((YV)+ 4,61);

END OF FNZ; F50089
REAL PROCEDURE FN3(Zv); FSU0g90
VALUE ZV; FSU0g91
REAL ZV; FSUug92
BEGIN FS0093
FN3 ¢ 0,250 x ZV; _
END OF FN3; FS0099
PLOTC 0.0, 0.0s =5); F53150
FILL XLLw%] WITH »X v;

FILL YL{*] WITH "y "

FILL ZLE#*] WITH »Z "3

FILL TLiE#] WITH "NOMOGR™,™APH OF"™s ® 1,62 m, w»X =", 2.0 Y ",

Y3 0.y 125 7 w3 .

FILL TL2I%x3 NWITH "D.5 vy

FILL TL3[%]1 WITH "44.61 »;

BEGIN FSU1ls0
PROCEDURE FSCALEC X0, Y3, VI, VF, INTL, INTTs MD, NDEC, FUNCT )3 FS0170
VALUE XG» YO, VI, VF, INTL» INTT» MDs NDECS Fs0180
REAL X0, YO» VIs VFs INTL, INTTs MD; FSG190
INTEGER NDEC} F50200
REAL PRUCEDURE FUNCT; FS0Z210
BEGIN FSu212
REAL ARs INL» Ly RFs RTO, WOsr XV» YDL,» YDT3 F5u215
INTEGER I, Js» NL» NT} FS0220
REAL ARRAY X[0310003; FSUZ30
LABEL LAs LBy» LE, LFs LG, LHs LNs, LRs LTs LU LEE, 1.GG} F3U235
COMMENT ONLY USE. THIS PROCEDVRE AFTER AN ORIGIN HAS BEEN ESTABLISHED FSu240
AND AFTER THE PROCEDURE FUNCT HAS BEEN DEFINED; F50250
FORMAT ORANG("VALUES QUTSIDE RANGE OF THIS PROGRAM®), ER{"N IS NOT F5U280
AN INTEGER")» LENC "SCALE IS LONGER THAN 30 INCHESw); FSU261
IF VI = O THEN GO TO LB F50270
IF ABS{VI) 2 100000 THEN GD TO LGGJ FSU271
IF ABS{VI) <0,00001 THEN GO TO LGGJ Fsu2r2
IF VF = 0 THEN GO TO LF3; FSQU273
LB3 IF ABS(VF) 2 100000 THEN GO TO LGG} F50274
IF ABS(YF) <0,00001 THEN GO .-TQ LGG/} FSu275
GO 7O LF3 F50276
LGG: WRITEC LP, QORANG); FSU277
GO TO LHj# FS0278
LF: AR &« ABS(VF = V1) FSu280
RF & FUNCT(VF) = FUNCT(VI); Fsuza1
YDL « YO = 0,205 FSu290
YDT « YO = 04,10; FS0300
L €« MD x (ABS(RF))} F50310
IF L £ 30,0 THEN GO To LAJ FSu320
WRITEC LP, LEN); FSU330

Figure 3
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GO TO LHJ

LAY NL € ABS( ARZINTLDY

NT ¢ ABS( AR/INTT);

RTO € NT/NLJ

INL ¢ (FUNCTCVI)) x MDD}

IF ENTIER{NL} = NL AND ENTIER(NT) = NT THEN G0 TO LNj;
WRITE( LP» ER}:

GD TO LH3

LNt FOR J <« 0 STEP 1 UNTIL NT DO BEGIN

XEIY « X0 + ABSC{( FUNCT(VI + (I x INTT)}) x MD} = INLJ}J
PLOTC XL1I3s» YO» +3335

PLOTC XL1}, YDT» +2);

END

PLOTC XINT1», YO» +3)}

FLOTC X0s YO, +2)3

PLOTC¢ XO» YDL, +2)}

WD « Q.72 + (NDEC x 0,12}

NUMBER( X0 ™ 0.72 s YO =0,50» 0.14s VI, 0405 NDEC);
J e« 0

FOR I « RTO STEP RTO UNTIL NT DQ BEGIN

J € J + RTOS

PLOTC X[I11», YOs» +3);

PLOTC XLIls YDL» +2)}

IF (X[I71 = XLI =J3} < WD THEN GO TO LG#

NUMBER{ X[I1 =0.72, YO =~0,505 0,14s VI +(1 x INTT), 0.0, NDEC)S
J ¢ 0;

LGt END3

LHs END OF FSCALE ;

SYMBOL( 11,50, 9,005 0,21, TL1» 0.0, 40);

SYMBOL( 14492, 94255 0414, TL2» 0.0, 3);

SYMBOLC 16.72s 9,25, 0414, TL3» 0.0 4);

CSYMBOLC 9,00 B«50, 0,49 XL» 0.0, 113

SYMBOLL 9,005 2400, 0,49 YLy 0.0, 12

SYMBOLC 9.00» 5400, Q.49 ZLs 0.0r 3)j

FSCALE( 10.,00s 8,50s 0» 900s 10Qs, 10» 0,20, O» FNL)J
FSCALEC 10.00, 2,50 2,00, 1.00s =0,20, =0.,02s 0420s 25 FNZ};
FSCALE( 9,88 5.50s =200, 200s 50s 10, 0410 0s FN3};
PLOTC 20s 0» =3)j§

ENDS

END,

Figure 3 (continued)
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F5u340
FSu3sQ
F5u360Q
Fsu3vo
F5u380
Fsu3eo
Foaudl1o
FOSUA20
FSU430
FU840
FSuds0
F5u460
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FSU480
FSu490
FSu495

-FSub00Q

FS50510
FS5u520
Fsu530
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The computational services available to the engineer are many and varied; the
typical Scientific Computer Center offers many services to aid in project accom-

plishment.

In this paper, the counsel and assistance available for task definition

are described and ihe procedures, capabilities and equipment complement of a
Computer are explained, Guidlines for efficient use of the services are offered,
and a look at future developments of interest to the engineer is presented.

The engineer requiring computational ser-
vices today is faced with a bewildering array of
choices. He has available to him equipment
ranging from desk calculators, time sharing
consoles, small general purpose computers up
through large scale scientific facilities. Selec~
tions do not end with the hardware; sofware re-
quirements must be defined, and computer pro-
grams appropriate for the task must be gelected,
modified or developed, Finally, efficient uge
must be made of the gervices available. Poor
choices in any category can result in high ex-
penses and delayed scheduleg in meeting the
project goals; it is clear that an understanding
of what is available plays a vital role in the
probability of success.

COMPUTER CENTER SERVICES

Possibly the most significant services a-
vailable to the engineer user are those of the
systems programming staff and program librar-
ian, Training, data preparation and storage,
provision of materials, the dispatching function,
job set-up, priority service, and accounting
procedures are other important services., Un-
dergtanding thege, and using them to their ful-
lest, will be instrumental in the successful
completion of the engineer's fask.
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System Programming Staff

The members of the system programming
staff are the experts on hardware and software
aspecis of the computers in the facility, They
generally include at least one superior program-
mer with well-rounded experience in many
programming languages and technical applica-
tions. His function, in addition to the mainte-
nance and updating of the operating software
systems, is to coungel the engineer on the
choice of programming languages, use of simi-
lar programs/subroutines on file or available,
and to suggest applicable programming tech-
nigues.

The gystems programmer is also available
to assist in "debugging” programs when in the
checkout stage, and can help in interpreting er-
ror megsages and suggest appropriate use of
the diagnostic aids incorporated in the software
systems. '

Program Librarian

The program librarian, usually a member
of the systems programming staff, will have
access to a large number of "application pro-
grams,'" These may have heen prepared at the

center and entered in the program library or



they may have been obtained through various
services and users groups. The center at
Mé&SR, for example, has access to many thou-
sands of programs via RCA's PAL (Program
Applications Library), SHARE (Society to Help
Avoid Redundant Effort), The University of
Georgia's COSMIC service, and Indiana Univer-
gity's Aerospace Research Applications Center,
Many NASA and Depariment of Defense programs
can be obtained. The program librarian has
abstracts, indexes and program documentation;
Fig., 1 is an example of a portion of a typical
SHARE keyword index., Some programs are
immediately available, while others may be
ordered with two or three week delivery. Mod-
ifications are sometimes needed to satisfy
gpecific requirements. It is frequently posgsi-
ble to identify programs which may be incorpo-
rated as "subroutines'; or portiong of larger
programs; time spent in researching available
programs frequently results in considerable
savings of time and money.

MAR 18, 1948 CAPR -~ KEYWORD PERMUTED INDEX PAGE 9
B +COSINE 1965 GOCHSINGLE PRECISLONWHYPERELLICYSINE uoe $CS5H
*COSINE, #ELOATING-POINT#SINE AND aG_FSCN_
$COSENESTARGEN T+LOTANG ENF *MULT § PRECL ST CN®SINE Pul Z013
@ _ACOST-ACCTAUSAGE- ANAL [HPRLCYERSOPERATIONS *ACCY SYS FORMENILANG. . . N ACLI_
CCOTANGENT 1943 +UOC¥HOD [FIER FORFSINGLE BREC(SILNYTANGENT + UDG HTaN
__®COTANGENT 1964 *UOC*SINGLE. PRECLSLON*YAN . Eﬂg T:%{‘l
oG M

GENE + [
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Figure 1
Portion of a typical SHARE keyword index,

The program librarian also keeps various
manualg and insiructional material on file, these
are available on request and will be updated as
addendum documentation is received, He is
also responsible for maintaining current refer-
ence material in the customer service area.

Many general purpose subroutines are a-
vailable to solve specific functions, manipulate
data, generaie random numbers, eic. These
are, in general, packages that could be ingert-
ed in the engineer's program, thus saving him
the effort of coding and testing that segment,

Training

Computer languages are dynamic in nature
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and enhancements are centinuously being made.
This prompis many installations to conduct fre-
quent training courses in the currently popular
problem-oriented compuier lamguages {such as
Fortran, Cobol) and machine-dependent assem-
bly languages., The advent of third generation
computers will call for more special training
courses, particulariy in the area of random-
access storage technigques, During or after
hours courses are taught on a regular schedule
or whenever a sufficient mumber of individuals
are interested; sample problems are included
as part of the course. RCA's Coniinuing Engi-
neering Education program offers four courses
of specific value to the engineer user of compu-
ter services.

Data Preparation

Most computer centers maintain large data
preparation groups to keypunch production jobs
for subsequent computer processing, Addition-
ally, many centers set aside a number of key-
puch machines for the exclusive use of the engi-
neer, Large jobs are generally processed and
verified by gkilled operators, bui the engineer
will frequently prepare a few cards to minimize
turn-around time.

Information Storage

A major service supplied by the Computer
Center is temporary uge of magnetic storage
media such as discs or magnetic tapes. The
engineer ig allowed touse and save a reasonable
number for his job. The Tape Library will al-
low storing and retrieval of magnetic tape data
for a predetermined time. Computer costs and
run time may be directly related to the quality
of the magnetic tapes used by the facility. The
Tape library will often have the capability to
clean, repair, and validate magnetic tapes on
site. Cards and other necessary material may
be stored in assigned locations.

Processing the Job

The engineer's program and data will be
handled by many people and, most likely, pro-
cessed by many machines befor the final resulis
are returned. The process of contolling the
flow of data, collecting and coordinating the
various operations and using the output is the
task of the site digpatcher. Additional dispatch-
er duties include checking the data for correct
control cards, monitoring the progress of the
job, and insuring appropriate disposition of the
results.

Computer Applications Group

Once the engineer has developed a working
svatem of programs he may wish fo shifi io



shift the task of collecting data and submitting
computer runs to the set-up or application
group., These pergonnel are familiar with the
operation of the data processing activity and
can, with the aid of the engineer's instruction,
perform the routine data handling functions, tel-
ephone coordination, and mail submigsion/de~
livery to minimize effort of the engineer.

Priority Assignments

Many centers categerize computer runs in-
to groups by languaged uged, computer run
times and complexity of equipment configuration.
When a large group of runs satisfy a category
requirement an 'express service' will general -
ly be established to give rapid turnaround and
efficient operation. Similar rung are placed in
batches for sequential processing; there may be
four or five express runs daily and, if properly
used, can be very helpful in meeting work gched-
ules. Other runs will be inter spersed with ex-
press service, although long runs, or those
requiring extensive tape mounting and removal,
will be held for night shift processing. The
center will usually recognize reasonable justi-
fication and take appropriate sieps to insure
priority procegsing when needed; thig ig normai-
ly coordinated through the computer operations
supervision.

Ac counﬁng

Every engineer is, as a rule, working
with a budgeted amount of money; thus it is im-
portant that he be aware how much hag been
spent and what balance remains. When an ac-
count is opened the current billing rates for
equipment usage are given and an estimate of
services to be provided, made. Every job that
is processed requires a job submittal form
which is returned to the user. This form con-
taing, in addition to operatot comments, the
time actually used to process. Charging prac-
tices vary between centers; some include job
set~up as well as actual running time and may
charge full rates for "peripheral" operations
{card to tape transcripiion, printing of output}),

The CAL-COMP plotter at the M&SR
Division computational center.
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Most centers bill only for program running time
and have proporticnally lower rates for periph-
eral operations. Many centers pre'pare a com-
puterized weekly report that presents a complete
history of each task: who worked on the submis=
gions, how long, what machines were used, how
many minutes, what were the costs for each cat-
egory, what was the total cost, etc. A similar
report is processed monthly and used for custo~
mer billing purposes. These reports are avail-
able to the engineer for review, question, or
comment,

COMPUTER CENTER EQUIPMENTS
Large Computers

The large scale computers have high speed,
large capacity data storage, many medium-speed
{magnetic tapes and discs) units, and sophisti-
cated software operating systems. This type of
computer is extremely degirable for the solution
of scientific and engineering problemg. Large
matrices, complex formulae, intricate data ma-
nipulations, and various simulation technigques
are particularly adapted to the large computer.

Small Computers

Most small computers have limited high-
speed memory capablity but do have high-speed
card readers/punches and printers. The small
computers are extremely useful for performing
utility functions, such as transecribing cards to
tape, printing, duplicating magnetic tapes, and
editing data, at lower cost.

Auxiliary Equipment

Auxiliary equipment include devices in the
category of data preparation. Keypunch and
paper-tape punches are a way of transferring
data from a source document to a media accept-
able to & computer-reading device. This media
may ke punched card, punched paper-tape or
coded magnetic tape.

Some examples of special purpose data
preparation devices would include the Oscillo-
graph Trace Reader (OSCAR} which generates
punched cards from anszlog charts under operator
control; the Digital Film Reader {BOSCAR) gen-
erates punched data cards of film-coordinate
data under operator control; and the Program-
mable Film Reader (PFR) which produces mag-
netic tape under automatic conirol of a program-
med computer film scanner, Special purpose
devices are a part of many centers, and include
thoge capable of digitizing radar video data,
speech data, etc.

There is a class of data handling equipment



commonly referred to ag EAM (Electronics Ac-
counting Machines) designed to process punched
cards. These devices, although significantly
slower than computers, perform the task of
sorting, merging, reproducing, or printing
amall volumes of data at a reagonable cost,
They are especizally useful in duplicating pro-
sram decks, listing programs for modification
and manipulating data on cards,

Many times the engineer will develop com-
puted data in tabular form whereas it might be
more meaningful to subsequent use in some pic-
torial form, such as a plot, Most large computer
centers have digifal plotters on-site which will
accept magnetic tape directly, thus generating
the final desired output. These plotters cperate
in conjunction with program subroutines to al-
low scale changes, axis rotation, three-dimen-
sional effects and automatic pen selections.

Center suppcrting equipment will include
decollators (for seperating multiple-part print-
ed output), bursters (for seperating pages), mi-
erofilm viewers and other miscellaneous equip-
ment. ‘

Software Selection

Software (the instructions to the computer)
is generally the major expenge item, as well as
the pacing schedule factor in accomplishing
engineering computational tasks. The computer
center can provide a wide spectrum of support
to minimize cost and schedule impact; to do so
the following actions must be accomplished by
the engineer and cenier personnel:

1) Adequately defined computational

requirements,
2) Survey available programs for one

suitable in its original form or adapi-

able with meodifications.

Determine if the engineer will prepare

a1l or part of the required software.

Select programming language, obtain

necegsary instruction and literature,

Define software requiring development

by a professional programmer.

5) Determine software documentation
required.

3)

4)

Definition of computational requirements
is best done. at the beginning level on a "ques-
tion and answer" basis with center personnel.
The three basic gquestions are:

What is the output data format and
characteristic?

What are the logic and equations needed
for computation? _

What is the regquired output format and
and method of presentation?
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These must be answered precisely to allow
proper software support, Following definition
of the required software, the program library
is checked for the programs or subroutines
which could be utilized advantageously.

Many engineering problems can best be
solved by the engineer himgelf, particularly if
he possesses some skill in Fortran or similar
language. It is relatively easy to break out well

"defined poriions for a professional pregrammer.

This is advantageous if machine-level language
is necessary for involved logic data manipulation
or if complex computer-oriented numerical a-
nalysis methods are needed. Present operating
systems have features which allow relatively
straight-forward interface between program
segments, even if written in different languages.

Center personnel can arrange for program-
ming ingtruction and supporting manuals. Should
the application warrant the learning process,
there are a number of 'problem-oriented” ap-
plication systems languages available which are
sometimes simpler and more applicable to spe-
cific tagks. These include ECAP and SCEPTRE
{for electronic circuit anal ysis), LOGBSIM,
CPSS and SIMSCRIPT (for numerically coniroli-
led machine tool tape preparation), ROCKET
(for space trajectory studies), and others.

Well written user manuals are usually available
for them,

When professional programming is re-
quired, specific definition is necesgary. In
most Centers, a "specification'' is prepared by
the user, a 'program plan' by the programmer
and necessary reviews are held by the user and
Center supervision to insure satisfactory de-
velopment and schedules. The depth of detail
inciuded is in proportion to task complexity; ef-
fort spent in complete definition is directly re-
1atable to the success of the overall effort.

The type and extent of software documen-
tion required should be established early in the
task. If may range from only the information
necegsary for the computer run submittal to
detailed operating procedures, data preparation
instructions, flow charts and details of the lo-
gic and mathematics used in the program, Cen-
ter personnel will assist in defining and select-
ing documentation required. Documentation
criteria are based on the anticipated life of the
program, who will accomplish data preparation
and run submission, the possibility of later mod-
ification and utility of the program for other
ugers. Professional recognition and savings
for others can be obtained by submittal of the
finighed program and documentiation to the cen-
ter program library or the many program ex-
change services.



The software support available from a
scientific computer center ig extensive and one
may realize large cost and schedule savings
through efficient use of the services which can
be provided.

Task Initiation

The engineer's first action in initiation of
hig task should be the seeking of advice from
qualified individuals, Each computer facility
has one or more "contact men" who are willing
and capable of providing information on equip~
ment, software, procedures and cost. Of great
benefit to the engineer is counsel on how best to
approach nis problem. A key element in arriv-
ing at the ultimate approach is tagk definition;
the format and characteristics of input data, the
logic and equationg of computations required,
and the presentation of output. Having survey-
ed the task definition, the "contact man" will re-
fer the engineer io specialists for information
on available software, estimates of program-
ing effort, data translation services, applicable
manuals, ect. At thig peoint, it is imperative
that the engineer answer several questions:

1) Is this the proper facility to use for
my job?

2) Has all currently available software
of potential use been surveyed?

3) Is it advantageous to use professional
prograrmming assistance for all or
part of my job?

4) Should I prepare and submit computer
runs myself or usge facility personnel
for assistance?

5) What is the cost and schedule I can
reasonably expect for accomplishing
my task?

Definitive answers to the above questions
should be obtained befor proceding. The task
complexity obviously affects the time and effort
required; it is all to easy for the beginner {ag
well as experianced) user to embark on a major
task with inadaquate definition. The invariable
regull is an expensive and time-consuming iter-
ation to recover. '

Following complete task definition and
after the decision to proceed has been made,
neceggary funding and scope of work are author-
ized to the computer center and detailed arrange-
ments are made (it is useful that the engineer
obtain and study copies of the center's user pro-
cedures for job submittal, data retention, pri-
ority service, etc, before job submittal beging).
Proper task initiation is the major factor in
successful accomplishment; the benefit from
expenditure of medest effort in this aspect can-
not be overemphasized.
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Using The Facility

Following task definition and software se-
lection, use of the physical facilities begina.
Many centers assign a user code or number,
both for datd identification and charging purposes.
The services of the center are then at the engi-
neer's disposal. Card or tape punching involved
in data or program deck preparation may be
performed by the engineer or, at his option,
gubmitted to the center's dats preparation staff,
Translation of dafa (extraction of information
from charts, worksheets, etc.) may also be
accomplished by center personnel.

Submittal of computer runs ig performed at
the dispatch desk, where the user code ig veri-
fied, control cards are checked, and the job
logged. The job is then assigned to one of three
general categories: express, normal production, .
or night production.

The job submittal form requires inforrmsa-
tion necessary to establish the category (egti-
mated running time, program input/output unit
assignments, language, operating system, and
any special operator ingiructions) as well as
user code and "force time". This latter entry
is to indicate the maximum running time, and
ig for the profection of the user. It is particu-
larly valuable during debugging of a program
whern inadvertent "loops'' may be entered which
could cycle program steps indefinitely without
normal job termination,

The engineer may obtain estimated com-
pletion time from the dispatcher when his job is
submitied or request that he be called when hig
output ig ready. Requests for priority treat-
ment are normally directed to computer opera-
tions supervision and will be honored whenever
possible without causing undue impact on other
users. At job completion, input and output
data are placed in the issuing area, generally
alphabetically or by user code, and "save' tapes
are placed in the tape library. The job submit-
tal form is returned to the engineer with the
running time and operator comments noted.

Problems are frequently found in the re-
sults, particularly in the beginning stages of a
task. These should always be resolved, and
extengive help is available to do so. The ENER
tems programmer is normally the starting point
and he will determine whether a programming,
operations, or data error occurred. He will
give counsel to help resolve programming prob-
lems, and offer suggestions to improve efficency.
His explanation of sysiem diagnostics, reading
program dumps, and alternate debugging aids
will be of value. Indicative of non-program-
ming errors to be expected at M&SR's center



on a routine data reduction task involving some
1500 runs over a six~month period (stated as
percentage of total rung);

Operations (operator,
machine, software,
. systems)

Job submittal (pa-
rameter card, er-
roneoug instruction)
Input daia {data iden-~
tification, format,
recording errors)

T.1%
B.5%

-9.8%

Each of the above laige-scale computer
runs involved card-to-tape and multiple-output
printing., Some 400 to 600 individual operations
per day are typical in a large-scale computer
center and problems are not unknown,

Time lost due to operationsg errors is nor-
mally not charged {o the user and most centers
employ a "problem report” to assist in resolv-
ing troubleg. Center supervision should be
contacted when unregolved problems oceur;
this is a vital part of the feedback process to
improve service,

OBSERVATIONS ON SERVING THE
ENGINEER USER

A wide spectrum of uge and success is _
noted in serving the engineer at scientific com-
puter centers. The following observations are
derived from mistakes commonly made by less
guccessful users, ag well as the characteristics
displayed by those who consistantly make ef-
ficient and profitable uge of the services avail-
able:

1) The iritial task definition is assuredly
the most important step in the use of
the computer. The full magnitude of
the problem must be clearly defined
at the start to avoid the wasting of
time, effort, and money.

2} Training in a common problem-orien-
ted language (such ag Fortran) is im-
portant to an engineer, not only as a
tool to develop his own programs but
also to aid in communicating with
professional programmers and in the
use of available applications programs.

3) The program library should be tho-
roughly investigated before embarking
on the long, tedious, and expensgive
task of developing new software.

4) The applicable scientific computer
cenier services, hardware, software,
and procedures should be thoroughly
under stood.

5) Some engineers are reluctant to ask
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for help; any unexplainable problem
should be directed to the system
programmer or center supervision.

g} Operating ingtructions should be
written clearly; personal communica-
tions with operations personnel is
generally not satisfactory in a high’
volume installation.

7) The engineer should apply the same
gtandards of definition, planning, and .
under standing in his approach to a
computational task as would be expect-
ed in a hardware design or develop-
ment task.

FUTURE DEVELOPMENTS

There are two relatively recent develop-
ments whick are having a major impact,on en-
gineering users of gcientific computer centers:
availablity of time sharing terminals and the
capability of third-generation compuier hard-
ware/software. Time-sharing terminals have
regulted in readily available computational
capabilities which require limited familiarity
at the beginning level., The learning process is
rapid because of the interactive mode of opera-
tion; also, exposure o problem-oriented lan-
guages and applications systems via time-shar-
ing terminals provides a broad familiarity on
an economical basis. The result is that when
the engineer's task outgrows the time-sharing
terminal capablity, he is prepared to gmoothly
trangition to a scientific computer center.

Third generation hardware/software, as
typified by the RCA Spectra systems, offers ex-
panded storage, faster speeds, multi-program-
ming, as well as a wide variety of languages
and applications programs. A large number of
specialized and easy to use application systems
wilt evolve. The trend is toward more rapid
turnaround times (a benefit primarily of the
multi-programming capability) and accordingly
more economical services. There will be a
merging of the strengths of time-sharing termi-
nals {availablty, fast turnaround, interactive
operation) with thoge of the scientific computer
center (large storage, fast input/output, expand-
ed languages, and application systems) in the
future as software systems allow program prep-
aration through time-sharing terminals, with
"background' processing done on the same large
scale machines. The engineer-user of compu-
tational services will witness a steady increase
in the capabilities available to him; his utiliza-
sion of these capakbilities is largely dependent
upon his maintaining pace in understanding and
organizing their use.

The following page will introduce the reader to
the authors Mr. J. B. Vail and Mr. J. R. Sandlin
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Isometric projection involves the projec-
tion of an object onto a plane, oriented in such
a manner that perpendicular projectors, exiend-
ing from the object, form an image on the plane
guch that the principal axes or edges of the ob-
ject produce equal angles to the plane of preojec-
tion. Standard texts! describe the operation of
transforming a front view of an object in ortho-
graphic projection {Figure 1) to an isometric
projection (Figure 3} as a 45° rotation aboui a
vertical axis followed by a 35% 16' rotation about
an horizonial axis., These two rotations are
illustrated in Figure 2 and Figure 3. The frount
view, in Figure 3, is an isometric projection of
the cube which results in projected 30° angular
digplacements of the axes on the plane of projec-
tion.

An analytical appreach to this same prob-
lermn can be stated that an isometric projection
is defined and the angles through which the object
must be rotaied are to be determined. This type
of approach lends itself more closely to a stan-
dard engineering type of analytical problem,

This paper dealg with the solution to this
problem botn graphically, through projection of
auxiliary views, and vectorially, through the
application of vector analysis. The graphical
solution involves the recognition of the fact that
the diagonal of a cube, in ar isomeiric projection
view, must appear ag a point, This results in
equal angular displacements of the edges of the
cube to the plane of projection. Figure one il-
lustrates the procedure where the diagonal O-1
is defined in the top, front, and right side views.

The graphical solution is as fellows: An
auxiliary view is taken from the side view in
such a manner that the plane of projection for
the auxiliary view is parallel to the diagonal.
This resgults in an auxiliary view showing the
triue length of the diagonal O-1. The nest step
is to draw a second auxiliary view in which the
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line O-1 appears as a point. This is achieved
by projecting the first auxiliary view onto a
plane that ig perpendicular to the diagonal O-1.

Figure 1
Three Views Of A Cube

Figure 2
Cube Rotated 45° About A Vertical Axis

The regultant view {second auxiliary)
shows the diagonal appearing as a point and the



The view formed on this plane of projection is
an isometric projection since the proncipal
edges are equally foreshortened, Thig approach
is illustrated in Figure 5.

Figure 3
Cube With Additicnal 35° 16' Rotation
Ahout A Horizontal Axis

principal edges O-2, O-3, and O-4 equally
foreshortened. The resulting view is an iso-
metric view of the cube, The angles #= 45°
and ¢= 35°16" as shown in Figure 4, corres-
pond o the angle of rotation abcout the vertical
axig and the angle of rotation about the heri-
zontal axis, ’ Figure 5

Cone Imposed On Cube

0
-3,
p
/7
'
%
4
Solving this same problem vector‘iafly in-
6 volves two rotations of the cube diagonal vector
4 4 (R). With the first rotation, the vector R is
2 I} 3 rotated about the k axis into the i-k plane
rd 7
7 . / yielding the vector R as illustrated in Figures
4 4 6 (a) and 6 (b)
7 L~

Determining the angle of rotation 6 by
applying Rodriques! Formula? we have

Ry -R=Wx (El+ R) (equation 1)
where
where W_= n tan 6/ 2 in which case
n is the direction of rotation and @
is the angle of rotation,
R =1+ j+ k (the diagonal of
Figure 4 . the cube before rotation}
Cube With Two Auxiliary Views Ry = Y31 + k (the diagonal of

the cube after rotation)

Subgtituting into equation 1
{2itk-i-j-k=((tan 6/2)k) x (R, +R)

Ancther mode of thought yields the same
regults. If the cube diagonal is considered as
the axis of a cone and the principal edges O-2,

.4161-j = {tan 6/2)k x (2.415i+ j+2k)

. . "
0-3, and O-4 are considered elements of the 2 L -
cone, ﬂ.le principal edges will make equal‘ an- 415i-] = 0 0 tan 02
gular displacements with the plane of projection 9 415 1 9

to which the diagonal O-1 is perpendicular.



0 tan 8/2 0 tan 9/2
L 415i-§ =i _ 3 +
1 2 2.415 2
0 0
k .
2.415% 1

L415i-j = (tan A/2)i + (2,415 tan 6/2)]

From this expression, by equating the 1 and ]

terms, we solve for the angle of rotation.
tan §/2 = -.415 2,415 tan &/2 = -1
§/2 = -22,5° tan §/2 = -1/2.415
G = _450 g/2 = 22,59
g = -45°

The secon rotation involves the rotation
of the vector Bl about the j axis through the
angle (angle of tilt) transforming R , into Rg.
This second rotation brings the diagonal of the
cube into a position where it coincides with the
i axis resulting in an isometric projection of
the cube onto a plane of projection parallel to
the j-k plane.

Asg illustrated in Figures 6a and 6b, Bl
can be written ag

I

By
Ry

7 itk

1.415i+k

andgz as
R, = NER

Ry = 1.7321

It

Applying Rodrique's Formula to solve for
we have
Ry "Ry = Wy x (By + Ry)
where W1 = n tan ¢/2
W, = (tan ¢/2)j

Substituting yields
1.732i-1.415i-k = ((tan &/2)j} x 52+£{_1)

.317i~K = (tan ¢/2)j x (3,147 + k)

i i k
L317i-k =] 0 tan ¢/2 0

3.147i 0 1

tan $/2 0 0. 0
.317i-k = i - +

0 1 3.147 1

0 tan ¢/2

k
3.147 0

{from which
.317i-k = (tan $/2)i-(3.147 tan $/2}k
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By equating i and k values the angle of
tilt {$ } can be evaluated,

tan ¢/2 = .317 or 3.147 tan #/2 = 1
bj2 = 17.6° tan &/2 = 317
® = 35,2° $/2 = 17.6°
¢ = 35.2°

The analytical results, as listed above,
coincide with the graphical detéermination of the
angles of rotation about the k and ] axes.

Figure 6
Pictorial Representation Of Cube

In conclusion, it has been shown that iso-
metric projection can be approached from a
graphical as well as analytical manner. The
graphical solution requires the projection of a
secondary auxiliary ,view, whereas the analy-
tical solution involves an application of Rodrique's
Formula. Both methods yield the unknown
angles of rotation.
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Abstract: A new graphical method is described,
allowing the construction of the regultant of any
two forces, whether they be concurrent forces,

forces that intersect at a point off the paper, or
two parallel forces by drawing only two sets of

parallel lines.

1. Procedure: Given the forces P and @ of
Figure 1. It is desired to find their to find
their resultant R, graphically, The following
ig the procedure;

a) A line is drawn through the head of
P and the tail of Q, and another line
through the head of @ and the tail of
P (dotted lines shown in Figure 1).

b} Through the same four points the
four possible paraliels, to the dotted
lines , are drawn,

¢} The hesd of R is found at the inter-
section of the two new lines through
the heads of P and Q The tail of R
is found af the intersection of the
other two new lines passing through
the tails of P and Q.
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It should be noted that;

a) the entire construction is made by
drawing two pairs of parallel lines,
since in the actual construction the
two dotted lines need not be drawn,

b) the classical construction of the
parallelogram, which is used when
both forces are applied at their point
of intersection, is only a particular
case of the method introduced here.

2. Demonstration: The validity of the construc-
tion can be demonstrated by following, step by
step, the equivalences established in Figure 2.

3. Examples: This method is valid for any two
forces as can be seen in the examples of Figure
3, which correspond to

a) two parallel forces

b) two anti-parallel forces

¢} two almogt paraliel forces

d) two almost perpendicular forces

It should be noted that the resultant force R is
always obtained in a quite convenient position
along its line of action,
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6. 'The Converge Problem: Given the force R

in Figure 6. 1t is desired to find two components,
P and @, of R such that P act along the line

e-e and Q acts through point A,

Choosing point A as the tail of vector @,
the congtruction can be done by drawing the
auxiliary lines in the order shown in Figure 6,
Point A could also have been chosen as the head
of vector @,

4, Critical Position: There is a critical posi-
tion of the two component forces to which this
method cannot be immediately applied. That
would be the particular case shown in Figure
4a, where the two dotted lines drawn through
the head of one vector and the tail of the other
are parallel to each other. Unless the two
forces constitute a couple, this critical position
can be easily overcome by sliding one of the
forces to a new pogition along its line of action,
as shown in Figure 4b.

5. Resultant Of More Than Two Forces: The

casge of more than two forces can always be
solved by successive applications of the method
to the forces taken in pairs, as can be seen in
the examples shown in Figure 5. A detailed
comparison of this method with any other known
graphical method, such as the funicular polygon,
demonstrates that the number of graphical op-
erations required is always less.
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McGRAW-HILL ENGINEERING DRAWING,
GRAPHICS, AND DESCRIPTIVE GEOMETRY TEXTS

GEOMETRY OF ENGINEERING DRAWING, Fifth Edition

George J. Hood, deceased, Albert S. Palmerlee, Professor of Engineering Graphics, and
Charles J. Baer, Professor of Engineering Graphics, both of the University of Kansas. Avail-
able Spring

This book, continuing to emphasize descriptive geometry, has been expanded to include
other graphic materials required in most contemporary curricula.

Special features

Eliminates the use of projection planes and fold lines by a direct approach to the multi-
view presentation and solution of problems in descriptive geometry » Changes its cover-
age from that of a descriptive geometry text (without eliminating descriptive coverage)
to that of an engineering graphics text through the addition of chapters on section views,
dimensioning, use of instruments, drawing techniques, photodrawing, and vectors e
Places the hundreds of problems closer to their respective topics » Includes such other
new items as freehand sketching, oblique pictorial views and problems, the Golden Rec-
tangle and Fibonacci numbers, and the USASI engineering lettering alphabet and the
alphabet of lines.



PROBLEMS IN ENGINEERING GRAPHICS, SERIES VI

A.S.Levens, College of Engineering, University of California, Berkeley, and A. E. Edstrom,
City College of San Francisco. Available Spring

This book speeds the student’s efforts to learn the fundamental principles of orthogonal
projection and their application to the solution of a variety of technological three-dimen-
sional problems. It enhances his ability to visualize and express his mental concepts
graphically by the following means: freehand sketching—pictorial and orthographic—
and understanding the basic principles of descriptive geometry and their applications.
The authors extend the reader’s knowledge of engineering graphics by making him solve
problems in: (1) data presentation; (2) graphical mathematics—algebra, empirical equa-
tions, graphical integration and differentiation, functional scales, and elementary no-
mography; (3) conceptual design—open-ended design projects; (4} dimensioning—
including true position; and (5) working drawings—both freehand and instrumental.

PROGRAMMED GRAPHICS

Wwilliam F. Schneerer, Case Western Reserve University, 608 pages, $9.95

A programmed text designed for use as an aid in the teaching of engineering drawing.
The text'is developed on the premise that all students of technical drawing should be
given a fundamental approach to the subject—the engineering-science oriented ap-
proach. Emphasizing communication by graphic means rather than the details and con-
ventions of mechanical drafting, it covers: orthographic projection, pictorial drawing,
drafting standards, descriptive geometry, and graphic mathematics.

ENGINEERING DRAWING WITH CREATIVE DESIGN, Second Edition

Hiram E. Grant, Emeritus, Washington University, St. Louis. 334 pages, $7.95

This revised textbook can now be used independently of a workbook, for problems have
been added. An extensive chapter on creative design has also been added, and a wide
selection of creative design problems is included in the problem section.

Other texts and problems books

CUSHMAN, et al.: Problems in Graphics and Design, $7.75

GRANT: Practical Descriptive Geometry Problems, Second Edition, $4.95
GRANT: Engineering Drawing Problems, $6.95

HILL: Problems in Graphical Analysis, $6.50

HOOD: Descriptive Geometry Problems, $4.95

JOHNSON: Engineering Graphics Problems, $5.50

McNEARY: Problems in Engineering Drawing, $6.50

VIERCK-C.: Engineering Drawing Problems, Series Il, $5.50
VIERCK-HANG: Fundamental Engineering Drawing Problems, Second Edition, $4.95
VIERCK-HANG: Engineering Drawing Problems, Second Edition, $5.95
WARNER: Descriptive Geometry Problems, Fifth Edition, $4.95
WEIDHAAS: Engineering Graphics Problems, Alternate Edition, $6.50
WEIDHAAS: Engineering Graphics Problems, $5.95

WEIDHAAS: Descriptive Geometry Problems, $4.95

WELLMAN: Problems for Descriptive Geometry, Second Edition, $5.50
ZOZZORA: Engineering Drawing Problems, Second Edition, $5.50

McGRAW-HILL BOOK COMPANY, 330 WEST 42ND ST., NEW YORK, N.Y. 10036
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OBJECTIVES AND PROCEDURES

The stated objectives of this study was:
"To formulate some information concerning
ditfferences between the proposed metric
standard threaded fasteners and correspond-
ing American Standard fasteners,"

The proposed plan was to gather data on
metric fasteners from such gources as 1i-
brary material, technical journals, publi-
cations of and concerning the International
Standards Organization (ISO), and from in-
dustrial concerns, We were to obtain
gample fasteners as produced by several
European countries. After this data was
gathered, it was to be analyzed to determine
the outstanding differences between metric
and unified thread fasteners.

COMPARISON OF THREAD STANDARDS

Unified fasteners have become highly
standardized because of the lengthiof time
they have been used and the high demands
being placed upon them by U. 5. indusiry.
However, metric fasteners have only recent-
ly been standardized. In fact, even now
they are not completely standardized, The
International Standards Organization (ISO)
is attempting to establish completie, accept-
able standards. Much of the materisl con-
tained herein was obtained from their pro-
posals. Generally, the efforts in ISO acti-
vities terminate in recommendations. They
are not binding on the member bodies but
are intended as guides. Statemenis by var-
ious delegations at the 1961 meeting of

' ISO/TC-l indicate that the metric countries
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are ready to accept most of the ISO metric
thread package.

The triangular screw thread basic pro-
file, which is the same for both, the metric
and unified systems, is shown in Figure 1.

Figure 1.

J— i: ] —4
TR
N _ 60* 1 7 2H )
N/
Nl

Y
"

The basic profile of the metric
and unified screw thread.

In this figure are shown two alternate
shapes (flat and rounded) for the crests and
roots. The reason for the alternate shapes
lies in the construction of the dies with
which (most} threads are rolied. In England,
and in the metric countries, the forming
die is rounded at the roots. In the U. 8. A.
the die is usually made flai at the root, How-
ever, the forming die usually becomes
rounded with wear. Thus, the production-
line bolt or screw in this country usually
exhibits the same thread profile, when
viewed through an optical comparator, that
ihe equivalent British or metric fastener
shows.



Figure 2 shows an enlarged view of each
of the three threads of approximately the
same size. These views of Swiss, German

and American cap screw threads show the
same thread profile for each fastener.

7/16 inch U, 8.

12mm German

12mm BSwiss

Figure 2, Cap screw thread profiles:

UNIFIED AND METRIC THREAD PITCHES

The pitch diameter and piich are, of
course, different for metric fasteners and
unified fasteners. Unified fasteners are
designated by giving the pitch diameter (in
inches) and the number of threads per inch.
Metric fasteners are designated by giving
the pitch diameter (in millimeters) and the
pitch (in millimeters). Appendices A and B
list the standard sizes of unified and metric
fasteners. In Table I, we have attempted to
indicate a ''corresponding' metric fastener
for each unified fastener of coarse and fine
pitch in sizeg up to one inch, We have add-
ed columns o the metric specifications giv-
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ing the equivalent diameter in inches and
the number of threads per inch correspond-
ing to the pitch in millimeters so that the
reader may readily compare fasteners. It
should be pointed out that these correspond-
ing fasteners are, in general, not inter-
changeable.

HEAD AND NUT S1ZES

The sizes of metric and unified series
bolt heads and nuts are specified in ISO
Recommendation R272, Appendix C. Here,
an investigation noted that there was more
deviation between samples. In the case of
the metric bolts, the distance across flats
varied almost as much as the limits (nor-
mal and small) listed in the table, but were
within the limits. One of the U, 8. 3/4 inch
bolts, however, was .025 inch less than the
indicated distance, and none of the U, S.
nuts or hex heads exacily equalled the dis-
tance given in the standard. Perhaps the
metric system of assigning limits is more
realigtic and practical.

But the main objective in studying head
and nut sizesg is to determine whether U. 3.
wrenches will fit metric nuts and bolts, and
vice-versa. This was done for the hexagon-
head cap screws of Swiss, German and
U. 8. marufacture, The dimensions were
also checked against ISO R 272 as indicated
in the preceding paragraph. Between the
ranges of 8mm and 24 mm diameters we
found a surprigingly large number of cases
where wrenches of one system would fit
the fasteners of the other system. Table II
shows two classifications where interchange-
ability exists. It is felt that these listed in
the "good fit" category may be uged in near-
1y all situations, and those in the "loose
7it" category may be subiect to excessive
slippage if extreme torque is applied.

THREAD AND BOLT LENGTHS

Proposals dictating standard nominal
length and thread lengths for both metric
and unified fasteners are under considera-
tion by IS0. These propsals, which have

not been approved as recommendations yet,
are shown in Appendix D. To our knowledge,

nominal lengths have not been previously
standardized, even for unified fasteners,

The American Standards Association stand-
ard B 18.2, concerning hex-head cap screws,
states "Minimum thread lengths shall be
twice the diameter plus 1/4 inch for lengths
up to and including 6 inches: twice the dia-
meter plus 1/2 inch for lengths over 6 inches
inches." It will be noted that this minimum.



thread length does not conflict with the ISO
proposal, even though it is not specified in
the same manner. The IS0 proposal ligt-

ing standard nominal lengths corresponds

fairly well with those produced by several
American manufacturers,

STRENGTH OF FASTENERS

The strength of a fastener depends pri-
marily upon the material used., Also in-
volved are the pitch, tolerance, gharpness
of.roots and smoothness and regularity of
form.

The tensile strength of fagteners of the
same material* may be compared by using
the tensile gtrength area(s}. This area,
which actually bears the load, may be com-
puted from the following formulae:

2
Ag = .7854(D-:9743,
N

D = nominal diameter
N = no. of threads per length

{or)

Ag = .7854(D - .9743P)?

D = nominal diameter
P = pitch

These formulae indicate that a fastener
with fine threads will be stronger than one
with coarse threads: For sizes up to ap-
roximately one inch, metric threads are of
slightly smaller pitch than corresponding
unitied threads. Therefore, the metric
tensile area is the greater of the two; the
maximum being about 17 percent. However,
thig is not completely an advantage because
as the tensile strength increases the shear
gtrength decreases., For soft,ductlie mate-
rials such as aluminum , the fastener may
fail by sgearing before the tensile strength
of the fastener is exceeded. For such ma-
terials the coarser thread would be more
suitable,

In arriving at certain tolerances, the
I[SO committee set up a strength grading
system. This was a compromise of exist~-
ing gystems. U. S. engineers have suggest-
ed that the metric strength classification
gystem is not as good as ours. It does em-
body, however, many features of the unified
system. We do not have good data on these
systems.

COMMENTS ABOUT ACTUAL SPECIMENS

Our specimens were obtained in the fol-
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lowing wavys:

1. Unified fasteners (U. 8. ) --~
Purchase from hardware
stores and borrowing from
gtockrooms.

2. Metric fasteners (U. 8.} ~--
From a foreign car repair
shop: these were made in the
U. 8. A,

3. Swigs and German -------~-

By correspondence with man-

ufacturers who were suggested

by foreign students and engin-
eers,

4., French ~------ " By purchase
in a Paris hardware store,
after correspondence with a
manufaciurer failed to get a
reply or ghipment,

The fasteners ranged in size from 1/4"
to 3/4" (unified) and 4mm to 20mm (metric).
All threads were coarse threads. {In purchas-
ing or ordering fasteners, we did not specify
the type of threads.) The fasteners were
examined by the naked eye, by feel, by
weight and by optical comparator (see Ap-
pendix ). Figure 2 shows how three typi-
cal specimens appeared when viewed through
the comparator and photographed with a
Poloroid Land camera. These were three
of about 60 samples that were studied.

CONCLUSIONS

1. There are no siriking differences
in the external thread form as produced in
several countries (U. 8. included), whether
the thread is metric or unified.

2, The crests of the threads are
rounded, with the radius of the unified crest
slightly larger than the metric.

3. The roots are rounded on all fas-
iener threads.

4, Metric fasteners are manufactured
in the U, 8. with heads that will fit T. S.
wrenches.

5. None of the metric fagteners are
completely interchangeable with unified fas-
teners, although some metric nuts wiil
loogely fit on U, 3. fasteners as follows:

3

Fasteners are available in a variety of fer-
rous and non-ferrous metals,



Swiss Nut

20mm
12mm
10mm

U. S, Bolt
3/4 - 10
7/16 - 14
3/8 - 18

The corresponding U. 5. nuts will not fit on
the Swigs or German bolts.

6., Some U. 5. standard end and sock-
et wrenches will fit metric hex head bolts
However, there
are many cases where there are no wrenches
of one system that will fit bolts and nuts of
the other system.

and nuts, and vice versga.

7. The European countries are adopt-
ing the ISC metric fastener standards as is
evidenced by the interchangeability of the
French, German and Swiss tasteners that

were bought on the "open market'.

8, There is an ISO standard for the
unified thread series as well as for the

metric thread geries.

This is a virtual

adoption of the then existing unified stand-
ard, which was formulated by the U. 8.,
England, and other "inch-pound" countries.

9. Sooner or later {and preferably

sooner) the U. 5, A. will have to decide
whether to adopt the metric gystem or to
gtay with the inch-pound system. Conver-
gion to the metrie thread, as one example,
would be expensive and present many ditfti-
culties, However, to delay the conversion
by ten, twenty or fifty years will no doubt
add to the expense and difficulty.

RECOMMENDATIONS FOR FUTURE
PROJECTS

Recognizing the fact that England and
Japan are converting to the metric system
the fellowing studies would be in order;

a) A study of the conver sion to the
metric gystem by all segments of U, 8.
commerce and industry, A seperate study
might have {0 be made for each segment,

b) A cost study for the conversion of
this country from the unified threads to the
metric threads. Such a study will probably
have to envision several plans of how and
when such a conversion would take place.
The costs, alone, would be enormous.

Table I
APPROXIMATE EQUIVALENT SCREW THREAD SIZES
In The
UNIFIED AND METRIC SYSTEMS
UNIFIED METRIC
DIAMETER THREADS DIAMETER | PITCH : EQUIVALENT
PER INCH (millimeters) THREADS PER INCH

INCHES COARSE  FINE || In. mm. COARSE FINE | COARSE FINE
No. 0 - .060 80 .063 1.6 .35 72.6
No. 2 - .08B 56 64 .0787 2.0 .4 .25 63.5 100.2
Neo, 4 - .112 40 48 .0984 2.5 .45 .35 56.5 72.6
No. 5 - .125 40 44 .1181 3.0 .5 .35 50.8 72.6
No, 6 - .138 32 40
No. 8- .164 32 36 L1575 4.0 T .5 36.3 50.8
No. 10 - .190 24 32 .1969 5.0 .8 .5 31.8 50,8
1/4 - .250 20 28 L2362 6.0 1.0 .75 25.4 33.9
5/16 - .312 8 24 .3150 8.0 1.25 1.0 20.3 25.4
3/8 - .375 16 24 .3937 10.0 1.5 1.25 16.9 20.3
7/16 - 437 14 20
1/2 - .500 13 20 .4724 12,0 1.75 1.25 | 14.5 - 20.3
9/18 - .582 12 18 _
5/8 - .625 11 18 L6299 16,0 2.0 1.5 12.7 16.9
3/4 - .750 10 16 L7874 20.0 2.5 1.5 10.6 16.9
7/8 - .875 9 14 .
1 - 1.000 8 12 .9449 24,0 3.0 2.0 8.47 12.7
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Table II

INTERCHANGEABLE END WRENCHES
(Column (1) will fit (2); (3) will fit (4))

GOOD FIT
WRENCH SIZE WRENCH SIZE
{1} Metric {2} Unified (3) Unified (4) Metric
11 mm, 7/16 in, 7/16 in, 11 mm.
13 mm. 1/2 in, 1/2 in. 12 mm,
14 mm. 9/16 in, 9/16 in, 14 mm.
19 mm, 3/4 in, 11/16 in, 17 mm.
22 mm. 7/8 in, 3/4 in. 19 mm.
24 mm, 15/16 in, 7/8 in, 22 mm.
LOOSE FIT
3/8 in, 9 mm
10 mm. 3/8 in.
17 mm. 5/8 in.
Appendix A
UNIFIED SCREW THREAD - STANDARD SERIES
BAST( THREADS PER INCE
SIZE DESIGNATION : : " + T - 5
MAJOR Series with graded pitches : Series with constant pitches
Course Fine Extra
brimary Secondary DIAMETER UNe UNF fine ¢ 4UN 6UN 8UN  12UN 16T 20UN 28UN 32UN
UNEF
0 0.0600 ‘e 80
1 0.0730 64 72
2 0.0860 56 64
3 0.0990 48 56 . .
4 0.1120 40 48 .
5 0.1250 40 44 ..
6 0.1380 32 40 UNC
8 0.1640 32 36 . UNC
10 0.1%00 24 32 ‘e . e UNF
12 0.2160 24 28 32 " UNF UNEF
1/4 0.2500 20 28 32 i .s UNC UNF UNEF
5/16 0.3125 18 24 3z i .e 0 28 UNEF
3/8 0.3750 16 24 32 GHC 20 28 UNEF
7/16 0.4375 14 20 28 16 UNF UNEF 32
1/2 0. 5000 13 20 28 .. 16 UNF UNEF 32
9/16 0.5625 12 18 24 e . UNC 16 20 28 31
5/8 0.6250 11 18 24 12 16 20 28 32
11/16 0.6875 .. v 24 12 16 20 28 32
3/4 0.7500 10 16 20 12 UNF UNEF 28 32
) 13/18 0.8125 ‘e ‘s 20 12 16 TUNEF 28 32
7/8 0.8750 9 14 20 . 12 16 UNEF 28 3z
15/16 0.9373 .. .. 20 . .. 12 16 UNEF 28 32
1 : 1.0000 8 1z 20 . UNC UKF 16 UNEF 28 32
B 1 1/16 1.0625 .. .. 18 . 8 12 16 20 28
11/8 1.1250 7 12 18 e 8 UNF 16 20 28
1 3/16 1.1875 .. e 18 . 8 12 16 20 28
11/4 1.2500 7 12 18 .. 8 UNF 16 20 28
1 5/16 1.3125 N Ve 18 . . 8 12 16 20 28
13/8 1.3750 6 12 18 NG 8 UNF 16 20 28
1 7/16 1.4375 .. ‘. 18 6 8 12 16 20 28
11/2 1.5000 6 12 i8 UNC 8 UNF 16 20 28
1 9/1é 1.5625 18 § 6 8 12 16 20
15/8 1.6250 § 18 i, 6 8 12 15 20
111/16 1.6875 iR . 18 j 6 8 12 16 20
1 3/4 1.7500 5 e .. ! 6 8 12 16 20
1 13/16 1,8125 . | 6 8 12 16 20
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Appendix B
TABLE OF SCREW THREADS

Nominal Diameters Pitches
Col. 1| Col., 2| Col.3 | coarse fine
: 3 2 1.5 11.251 1 | ©0.75 | 0.5 0.35] 0.25 | 0.2
0.25 0,076
0.3 0.08
0.35 0,09
0.4 0.1
0.45 0.1
0.5 0.125
0,55 0,125
0.6 0.15
0.7 0.175
0.8 0.2
0.9 0.225
i 0.25 0.2
1.1 0.25 0.2
1.2 0.25 0.2
1.4 0.3 0,2
1.6 0.35 0.2
i.8 0.35 0.2
0.4 0.25
2.2 0.45 0.25
2.5 0.45 0.35
3 0.5 0.35
3.5 0.6 0,35
4 0.7 0.5
4,5 0.75 0.5
5 0.8 0.5
5.5 0.5
6 1 0,75
7 1 0.75
8 1.25 . 1 0.75
] 1,25 1 0.75
10 1.5 1.25 [ 1 0,75
11 1.5 1 0.75
12 1.75 1.5 |1.25 ] 1
14 2 1.5 [1.25%] 1
15 - 1.5 1
16 2 1.5 1
17 1.5 1
18 2.5 2 1.5 1
20 2.5 2 1.5 1
22 2.5 2 1.5 1
24 3 2 1.5 1
25 2 1.5 1
26 1.5
27 3 2 1.5 1
28 2 1.5 1
30 3.5 (3) 2 1.5 1
32 2 1.5
33 3.5 (3}) 2 1.5
35k 1.5
36 4 3 2 1.5
38 , 1.5
39 4 3 2 1.5
{continued)

Avoid as tar as possible pitches in brackets

o,

%  Pitch 1.25 of diameter 14: to be used only for spark plugs for engines

et

v« Diameter 35: to be used only for locking nuts for bearings
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TABLE OF SCREW THREADS

{continued)
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Appendix C
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HEXAGON BOLTS AND NUTS
Widths Across Flats, Heights of Heads,
Thicknegs of Nuts
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Appendix D

DRAFT IS0 PROPOSAL
BOLTS SCREWS AND STUDS

Nominal Lengths
Thread Lengths

1. Nominzl Lengths (1)

Bagic dimensions

Metric Inch Metric Inch
2 1/16 65 2 1/2
- (5/64) 70 2 3/4
2, b 3/32 75 3
3 1/8 80 3 1/4
4 5732 7 N
55 3/186 90 31/2
6 1/4 {95) (3 3/4)
{(7) --- 100 4
8 5/16 (105) (4 1/4)
{9) --- 110 4 1/2
10 3/8 (115)  }  -----
{11) 7/186 120 (4 3/4)
i2 1/2 {(i26) | -----
14 9/16 130 5
16 5/8 --= (5 1/4)
(18) --- 140 5 1/2
20 3/4 --- {5 3/4)
(22) (7/8) 150 8
25 1 160 |  --m=-
(28} 11/8 170 6 1/2
30 11/4 180 7
{32) —=- 190 T 1/2
35 13/8 200 8
{38) --= 225 9
40 11/2 250 10
45 1 3/4 (steps (steps
50 2 of of
55 2 1/4 25 mm) 1 in.}
60

Lengths in brackets should be avoided if possible

2, Thread Lengths (b)

Formulae
Nominal Length (1) Thread Length (b}
Metric Inch Metric Inch
over to over to
90 31/2 2d + 6 2d + 1/4
a0 200 31/2]8 2d + 12 2d +1/2
200 3 2d + 25 2d + 1
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Appendix E

LIGHT SOURCE
CONDENSING LENS
SAMPLE
PROJECTING LENS
FLAT MIRROR

. VIEWING SCREEN
—= LIGHT PATH ‘:_4,4”2"#‘

(SIS R L R AL ]

OPTICAL COMPARATOR

65



FURLE

To: Professor WILFRED P. RULE
Department of Engineering Graphics
400DG
Northeastern University
Boston, Massachusetts 02115

Enter my subscrption to the JOURNAL for:
lyear @ $2: 2years @ $4: 3years @ $6

NAME

ADDRESS

CITY and STATE

ZIP CODE




TAMPA - 1968

(Photo courte sy of Ralph Northrup)

INDEX TO ADVERTISERS

Page
Addison-Wesley ——--=-=memmommo oo 2
Braddock -~---------mm e e e 4
Algee m=rmmm e 17
MacMillan =====-=-cemmmme e e - 18
19
Alteneder ~~-==~-- o e - 20
Wm., C, Brown ~=-=----mmmmmm oo — In. Fr. Cover
26
27
Gramercy =-===-====c oo 33
34
35
36
MceGraw-Hill -~ - - e o - 54
55
W. E, Street ~mmmmmmm e In, Back Cover
Staedtler-Marg —--=-—ccm e e (Out. Back Cover



DON'T LOSE VALUABLE 1SSUES OF THE JOURNAL!

MANY OF THESE HAVE BECOME COLLECTOR'S

ITEMS THAT CANNOT BE REPLACED,WITH FEW COMPLETE
COLLECTIONS IN EXISTANCE.

YOUR ISSUES CAN BE BOUND IN A MATTER"OF SECONDS AS
THEY ARE RECEIVED IN A HEAVYWEIGHT BINDER COVERED WITH
A LEATHER-FINISHED VINYL FOR LONG- | __ ' . L
LASTING SERVICE. EACH BINDER HOLDS TO: WILFRED P. RULE, 400DG, Northeastern University,
HOLDS FOUR YEARS OF ISSUES I BOStOI'.I., MaSS&ChusettS 02115

{12 ISSUES) FOR PERMANENT REFERENCE.I Send me __ binders @ $3.25 each. Enclosed is §

ISSUES CAN BE EASILY REMOVED '
FROM EACH BINDER WHEN NEEDED. NAME

ORDER YOUR BINDERS NOW AT A COST | ApprEss
OF $3.25 WHICH INCLUDES POSTAGE '

AND HANDLING. CITY & STATE

ZIrP CODE




TESTED TEACHING AIDS
FOR ENGINEERING DRAWING

BY CARL L. SVENSEN AND WILLIAM E. STREET

FOR USE WITH ANY TEXT OR NO TEXT

DRAFTING PROBLEM LAYOUTS

SERIES C , REVISED

Work sheets covering Vertical and Inclined Lettering,
Sketching, Use of Instruments, Engineering Geometry,
Scales, Orthographic Projection, Revolution, Auxiliary
Projection, Sections and Conventions, Dimensioning,

Screw Threads and Bolts, Isometric, Oblique, Perspective,
Developments, Intersections, Working Drawings, and
Creative Design.

95 Work Sheets, 8 1/2"™ X 11V $5.00

DRAFTING PROBLEM LAYOUTS

SERIES D, REVISED

Work sheets covering Vertical and Inclined Lettering,
Sketching, Use of Instruments, Engineering Geometry,
Scales, Orthographic Projection, Revolution, Auxiliary
Projection, Sections and Conventions, Isometric,
Oblique, Dimensioning, Developments, Intersections,
Screw Threads, Studies of Points, Lines, and Planes,
and Creative Design.

100 Work Sheets, 8 1/2" X 11" $5.00

VERTICAL LETTERING EXERCISES

Vertical Lettering with Instructions.
6 Work Sheets, 8 1/2" X 11" $0.75

INCLINED LETTERING EXERCISES

Inclined Lettering with Instructions.
6 Work Sheets, 8 1/2" X 11" $0.75

WRITE FOR EXAMINATION COPY OR ORDER FROM

W, E. STREET
ENGINEERING GRAPHICS DEPARTMENT
LOUISIANA STATE UNIVERSITY
BATON ROUGE, LOUISIANA 70803




For compiete catalog
of The Mars Desizn Group
write Dept. 55,

1.5, Staedtier, inc.,
Montviile, N. 1. 07045



