Continue scrolling down to the full issue.

Correction to Chastain (1989)

In the article “Axonometric Projections” by Lemuel J. Chastain (Engineering Design Graphics
Journal, 1989, Vol. 53, No. 2, pp. 19 — 25—see http://edgj.org/index.php/EDGJ/issue/view/237),
three types of errata have been found:

1. typographical errors were introduced after the final proof-reading (by the
compositor?);

2. usage of the variables A, B, and C, on page 25 which is inconsistent with the
preceding development;

3. and, a thoughtless sentence by the author (being all of the next-to-last paragraph on
page 25) overstates the findings.

The simple typographical errors on pages 19-23 will be corrected in page order, followed by the
inconsistency, and then the factual error (this being in the reverse order of importance).

la- Onp.19, col.1, para.2, 1.6, “It” should be replaced by “If”.

1b - On p.20, col.2, 1.17, a square root symbol should be added just before the “6”.

1c - On p.22, col.1, para.1, 11.1-2, “basis” should be replaced by “basic” (i.e. lower-case).
1d - On p.23, col.1, 1.7, “vary” should be replaced by “very”.

le - On p.23, col.1, .24 “independent” should be replaced by “dependent”.

2 - Beginning on p.25, col.1, paras. 1&2 (paragraph 2 continuing in column 2) suddenly
introduce an analysis of the many solutions obtained by running several sequential iterations of
the program shown in Figure 3. The result of the first iteration of the program, shown in Figure
4, quickly reveals that, for relatively prime solutions, the single even-valued variable occurs
freely as any one of A, B, or C (for a given solution set).

Contrary to that, the new treatment summarized in Figure 7, compels C to always be the single
even-valued variable. Unfortunately, the conciseness of these four parametric equations ignores
the ascending order imposed on A, B, and C, by the program in Figure 3: thus, the inconsistency.

There is no need to extend the current program to rearrange the variables to correspond with
Figure 7. It has served its purpose, and is obsolete. Any new program in a better language (e.g.
Python) should be based on the Figure 7 results; with the programmer given the option of
switching the expressions for A and C.

3a—0n p.25, col.2, 11.1-2, “(in BASIC)” should be deleted.

3b —On p.25, col.2, 1.4, the word “all” (made more egregious being underlined) should be
deleted: integer triplets for the parameters f, g, and h, will always yield a real solution for the
four variables. However, it is clear that those triplets will not always result in a perfect square in
the discriminant. [Contrast Solution 1 from (f, g, h) = (1, 1, 1), with the irrational results from
(5,5,5).] This was a thoughtless generalization by the author from the parametric equations
used for the 2-D ‘Pythagorean Triplet’ case which do not require a square root symbol.

Continue scrolling down to the full issue.
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While the original objective was to find Axonometric Projections with rational projections for a
unit-cube, the final results shown in Figure 7, go well beyond that: non-negative real values of
the parameters will result in real values for the 4 variables. (Caution prevents the use again of
“all” in the prior sentence.)

Lastly, the use of the ‘plus or minus’ sign before the discriminant is standard for a quadratic
solution. Use of the minus alternative, however, while preserving equality, will result in some
negative values in the variable quadruples. Such solutions do not apply to 3-D Axonometric
Projections.

Continue scrolling down to the full issue.
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The Transfer of Data Between
Dissimilar Computer-Aided Design Systems

Dennis R. Short

Technical Graphics Department
Purdue University
West Lafayette, Indiana

The transfer of geometric modeling data hetween dissimilar CAD systems is an
important capability in an integrated engineering or manufacturing environment
and can be accomplished by two means: direct conversion of data or the use of
a standardized intermediate file format. The Initial Graphics Exchange Speci-
fication (IGES), a part of ANSI Standard Y14.26: Digital Representation of
Product Definition Data, is the standard neutral file format for the exchange of
CAD modeling data in the United States. While IGES is supported by all major
CAD vendors, the standard has three serious problems. First, most IGES trans-
[ators are incomplete in their implementation. Second, translation of certain
types of entities is often incomplete or inaccurate. Third, the IGES standard
lags behind state-of-the-art geometric modeling techniques. These problems
can be handled effectively if they are identified and if procedural and systems

tools are developed and implemented to minimize their impact.

The IGES stan-

dard, procedural tools, and computer-based tools are described.

Introduction

As Computer-Aided Design (CAD)
and Computer-Aided Engineering
(CAE) systems have become more
widespread in their wuse, the
problem of transferring design
data between different computer-
aided design systems must be ad-
dressed. Each individual CAD
system uses a unigue internal
representation scheme for storing
and manipulating the binary data
which defines a CAD model. As a
result, design data created on
one CAD system is not directly
usable by another CAD system
without some form of processing.
In any environment where several
different CAD or CAE systems are
used, such as education, mecha-

nisms must be implemented to fa-
cilitate transfer of model data
between dissimilar CAD systems.
Two basic approaches are avail-
able for transferring data be-
tween dissimilar CAD systems.
The first approach is to develop
a program which translates the
data structures used to define
the CAD model on the source ma-
chine directly into the data
structures required by the target
machine. The second approach is
to translate the data structures
used to define the CAD model on
the source machine into a stan-
dardized intermediate neutral
format which can then be trans-
lated by the target machine.
Each of these approaches is
represented  schematically in
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Figs. 1 and 2. Both translation
methods have advantages and dis-
advantages when compared to each
other.

Direct translation,
approach, 1is best suited to
large-scale data conversion or
frequent data transfer between
two systems. The software used
in direct translation must either
be purchased, if available, or
developed. The development,
testing, and implementation of a
translator requires a sophisti-
cated and extensive knowledge of

the first

programming and database tech-
niques. Additionally, specific
information on data structures

used by the commercial CAD pack-
age 1is required to write the
translator and this information
is often proprietary. A separate
dedicated translator is required
for each system to which data
will be transferred. This means
that an increase in the number of
systems requires a geometrical
increase in the number of trans-
lators, i.e., for four systens,
twelve translators would be re-
gquired; for five systems, twenty
translators, etc.

The use of an intermediate neu-

Target
Machine

Source

C lg——pi Translator | gep]
Machine

Fig. 1 Direct Translation
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tral file format in the transla-
tion of CAD data, the second ap-

proach, is a general purpose ap-
proach to the problem. These
translators, usually available

for standard file formats, are
available from vendors and only
one translator 1is required for
the system. However, problemns
can develop in data translation
because two translations of the
data are required. The data
structures defined by the source
systems may not directly convert
to the data structures defined by
the intermediate neutral file
format. Further, the neutral
format data may not directly con-
vert to the data structure used
by the target system. If this
conversion problem is not consid-
ered, incomplete or inaccurate
CAD models may be produced on the
target system.

Intermediate Neutral File Formats

Worldwide, there exists a number
of neutral file formats for the
exchange of CAD modeling data.
Many of these interchange formats
are specific to a particular in-

dustry, vendor, or national
group. The most common inter-
change format standards in use

worldwide are:

IGES ~ The Initial Graphics Ex-
change Specification (IGES), 1is
part of ANSI Standard Y14.26:
Digital Representation of Product

Source

1 g
Machine —P~ Translator

Neutral
Format

Target

< Translator |(g—p- Machine

Fig. 2

Intermediate Neutral Format
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Definition Datal’? and is de-
signed to function as a standard
intermediate neutral £file format
for the exchange of data between
CAD systens. IGES has been ap-
proved by ANSI as an American Na-
tional Standard. IGES is being
presented to the International
Standards Organization (ISO) for
acceptance as a worldwide stan-
dard.

PDES - The Product Data Exchange
Standard (PDES) is bkeing devel-
oped by the IGES committee and
will supercede IGES. PDES will
incorporate information relevant
to the entire development and
manufacturing life cycle of the
product.

STEP - The Standard for the Ex-
change of Product Definition
(STEP) is currently under devel-
opment by I80. It is anticipated
that STEP and PDES will be simi-
lar, if not directly compatible.
PDES will precede STEP, which is
not anticipated before 1980.

SET = (Standard D'Exchange et
Transfer) is a compact format for
data transfer. SET was released
by Aerospatial in 1984 and is now
French National Standard Z68300.

VDA-FS - The German National
Standard, DIN 66301, was devel-
oped by the automotive industry
for the exchange of complex sur-
face data. VDA-FS/IGES transla-
tors are availlable.

EDIF = Electronic Design Inter-
change Format has been developed
by the electronics industry for
the exchange of VLSI (Very Large
Scale Integration) and PCB
(Printed Circuit Board) design

and manufacturing data. This in-
terchange format is the de facto
standard in the electronics field
worldwide.

DXF - Drawing Interchange File is
a standard developed by Autcdesk
for the transfer of data (usually
2~-D) in the microcomputer bhased
CAD environment. This standard
may actually be superior to IGES
in the +transfer of production
drawings.

Each of +these data interchange
formats fulfills specific needs
from an industry or naticnal
viewpoint. However, the formats
are merging into a limited number
of international standards.
Principal among those standards
gaining international acceptance
are EDIF for electronics indus-
tries and IGES/PDES for nonelec-
tronics inductries.

The Initial Graphics Exchange Specification

IGES was developed under the Air
Force Integrated Computer-Aided
Manufacturing (ICAM) program and
coordinated by the National Bu-
reau of Standards (NBS). This
technical committee produced a
report in 1980 that is Xnown as
IGES Version 1.0. This report
covers models constructed in two
and three dimensions as wire
frame representations with planar
or curved surfaces. This version
also supports annotated entities
and structure entities, such as
groups. The format structure
utilizes ASCII files in 80 char-
acter records. IGES Version 1.0
was adopted as part of ANSI Stan-
dard ¥Y14.26M in 1981.

IGES Version 2.0 was published
in 1982 and is an extension and
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refinement of Version 1.0. The
major additions to IGES in Ver-
sion 2.0 include rational B-
spline surfaces and curves, addi-
tional surface entities, FEM
(Finite Element Modeling) sup-
port, and provision for a binary
file format. IGES Version 3.0
was published in 1983 and cor-
rected errors in IGES 2.0. Ver-
sion 3.0 provides additional and
component libraries by providing
for external file reference and
introduced a compressed ASCII
file format. Offset curves and
surfaces, provision for repre-
senting flow, direction, and con-
nectivity, and extension to the
Macro facility were included in
Version 3.0. IGES Version 4.0 is
an extension to IGES for the rep-
resentation of solid modeling en-
tities and was published in 1987.
Version 4.0 addresses only con-
structive solid geometry (CSG).

A number of extensions to ad-
dress problems in specific appli-
cations areas have been adopted
or are being considered by vari-
ous subcommittees of IGES. Sev-
eral of the major CAD vendors
(IBM, CV [since purchased by
Prime], CALMA [since purchased by
Prime], and Prime) have cooper-
ated in developing or recommend-
ing extensions in certain areas,
such as in manufacturing and
plant design.

A Description of IGES

IGES is a data format for de-
scribing product design and manu-
facturing information produced on
a CAD/CAM system. It was de-
signed to function as an interme-
diate neutral file format for the
interchange of CAD/CAM data be-
tween dissimilar systems. An

IGES file has at least five sec-
tions:

Start Section

Global Section
Directory Entry Section
Parameter Data Section
Terminate Section

Additionally, a Binary Informa-
tion Section 1is prefaced to a
file created under IGES Version
2.0 or 3.0 when a binary format
is produced, rather than an ASCII
file.

An IGES file is created when an
IGES preprocessor software pack-
age on the source machine trans-
lates the entities from the
source machine's CAD database
into the neutral format file de-
fined by the IGES standard. An
IGES postprocessor software pack-
age is required to translate the

IGES file into data structures
the target machine is required
to reconstruct (Fig. 3). The

IGES file transfers information
of the following types:

Geometric Information

Nongeometric Information (di-
mensions, text, etc.)

Drawing and Display Informa-
tion (drawing size, fonts, etc.)

Relationship Information (con-
nectivity, flow, etc.)

General or Global Information

Each entity is initially clas-
sified as geometric or nongeomet-
ric with nongeometric entities
having primary classifications of
annotation or structure. The
IGES representation of each en-
tity is divided into two parts:
directory entry and parameter en-
try. The directory entry is
identical for each entity of the
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. Pre B I(_SES B Post o
Processor File Processor
Source [ > Target
Machine €= - Machine
Post I IGES Pre
+ Processor File Processor il

Fig. 3 IGES File Translation

same type but the parameter sec-
tion is unique to each entity.
Each entity type 1is classified as
an IGES entity number which may
be further subclassified by an
IGES form number. In the example
IGES file (Table 1), the next to
last column indicates with the
letters listed below the section
being presented:

- Start Section

- Global Section
Directory Section
- Parameter Section
- Terminate Section

Hdoa
P

Table 1 represents a short IGES
file which describes a drawing of
a flat plate with three holes and
centerlines on an A-size sheet.
The sample IGES file is 119 lines
long and is used to describe a
part consisting of 16 separate
entities (Fig. 4).

IGES Data Conversion

The primary function of the
IGES postprocessors and prepro-
cessors 1s to map the entity
types of the source CAD file into
a description which uses the

available IGES entity types.
This conversion can be accom-
plished to varying degrees of ac-
curacy and completeness depending
on the implementation of the IGES
preprocessor and limited by the
inherent constraints of the IGES
file types available. Fig. 5 in-
dicates the types of conversions
which can take place?/3/4, These
possible modifications to the
original data file must be under-
stood to successfully utilize the
IGES file format. These modifi-
cations can occur while translat-
ing the original file to the IGES
file format and from +the IGES

—

k V

Fig. 4 A lé-entity part.
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EXAMPLE OF SIMPLE IGES CONVERSION

VOL. 53,

]

., r 3HDWG, SHIGES.TEST, 46HCOMPUTERVISION CADDS4X REV 5,0 GRAPHIC SYSTEM , G
16HIGES VERSION 3.0,16,8,24,8,56,3HDWG,1.0,1,4HINCH, 32767,32.767,13H8810G

17.140917,90.000001,, 14HDENNIS R SHORT, 17HPURDUE UNIVERSITY, 4, 3;

124 1 1 0 0 0 0

124 0 0 1 0

124 2 1 0 0 0 0

124 0 0 1 0

124 3 1 0 0 0 0

124 0 0 1 0

124 4 1 0 0 0 0

124 0 0 1 0

124 5 1 0 0 0 0

124 0 0 1 0

124 6 1 0 0 0 0

124 0 0 1 0

106 35 1 1 0 0 0

106 0 0 2 20

106 37 1 1 0 0 0

106 0 0 2 20

406 39 1 0 0 0 0

406 0 0 1 15

406 40 1 0 0 0 0

406 0 0 1 17

406 a1 1 0 0 0 0

406 0 0 1 16

404 a2 1 0 0 0 0

404 0 0 1 0
124,1.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0,0.0,0.0,1.,0,0.0;
124,1.0,0.0,0.0,0.0,0.0,0.0,-1.0,0.0,0.0,1.0,0.0,0.0;
124,0.0,0.0,1.0,0.0,1.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0;
124,1.0,0.0,0.0,0.0,0.0,-1.0,0.0,0.0,0.0,0.0,-1.0,0.0;
124,0.0,0.0,-1.0,0.0,-1.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0;
124,-1,0,0.0,0.0,0.0,0.0,0.0,1.0,0.0,0.0,1.0,0.0,0.0;

106,1,6,0.0,5.86811,3.25,5.625,3.25,5.5625,3.25,5.4375,3.25,
5.375,3.25,5.1318%9,3.25;
106,1,6,0.0,5.5,3.61811,5.5,3,375,5.5,3.3125,5.5,3.1875,5.5,
3.125,5.5,2.88189;

406, 1, 3HDWG;

406,1,1;

406,2,11.0,8.5;
404,1,25,0.0,0.0,6,53,55,57,59,61,63,0,3,65,67,69;

5 16 3D 12p 42

Table 1 Example IGES File
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Source

single entity
multiple entity
single entity
single entity
single entity

single entity
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Target

single entity

single entity (grouping)

multiple entities (cross hatching)
modified entity (line and text fonts)
approximated entity

not translated

Fig. 5 Types of conversions which can take place

file format to the target system.
Entities can be altered twice in
the process of conversion. Oon
some systems, such as IEM's
cATIA3 (Fig. 6), the use of an
internal intermediate file format
called IIF places an additional
layer of conversion between the

original file and the intended
destination. This additional
translation further contrains

that which can be translated and
transferred by an IGES file.
Many commercial CAD systems are
better at translating IGES files
than at generating IGES files.

Procedural Tools

The first requirement in work-
ing with an IGES translation
is to know the converting
capabilities of the preprocessor

CATIA . IGES
File > [IFFile ® Fle

Fig. 6 IBM CATIA IGES Translation

and postprocessor implementa-
tions>:6:7:8, The capabilities
of an IGES translator are usually
indicated in the system's IGES
documentation. The capabilities
of the processors are indicated
in the documentation in tabular
form showing the system entities
which can be mapped to IGES en-
tity and form types. Also shown
are special considerations re-
quired in translation.

When developing any model for
IGES translation, the model
should be constructed using only
those system entity types which
are known to be translatable
without modification or approxi-
mation. Particular attention
should be directed toward special
text fonts and related symbols,
line fonts of any type including

centerlines, dimensioning, and
datums or related constructs.
Foreign systems frequently in-

volved in IGES transfers should
be evaluated. IGES entity types
which are most suitable for con-
version and entity types to avoid
should be determined.
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IGES transfers between micro-
computer-based CAD systems and
larger, more robust CAD systems,
can represent a particularly dif-
ficult problem. Implementation
of IGES preprocessors and post-
processors on microcomputer based
CADD are often woefully inade-
quate for the task and suffer
from a series of problems. The
types of problems encountered in-
clude:

1. Fleoating point accuracy due
to 32-bit to 16-bit conversion
which can result in such problems
as loss of tangency or discon-
nected line segments. This can
cause severe problems when trans-
ferring tecol path information.

2. The ability to translate only
a very limited subset of the
available IGES entity types and
forms.

3. Poor error  recovery and
exception reporting during the
translation process.

4. Inadequate documentation of
processors and their cababili-
ties.

5. Inadequate validaticn and
testing of IGES processors. Many
IGES processors will fail a self-
translation test.

These problems cannot easily be
corrected by the user. Correc-
tions rests with the vendors.

Computer Based Tools

Since IGES files are in ASCII
text format, it is possible to
develop a set of tools to aid in
the translation, verification,

VOL. 53, NO. 2

and validation of IGES files.
These IGES utility programs can
be programmed using any higher
level language, such as C or Pas-
cal, which permits easy manipula-
tion of text files. The IGES
utility programs are also avail-
able from commercial software
companies.

The most common type of IGES
utility programs are filter pro-
grams. These programs scan an
IGES file prior to conversion on
the system. Most fredquently the
programs scan for entity or form
types which cannot be converted
properly by +the host system.
Filter programs can also check
for file integrity, illegal char-
acters in file names, length of
file names, missing file refer-
ences for library parts, or out-
of-range values. Filter programs
can also be developed which eval~
uate database integrity by check-
ing for stacked, overlapped, con-
catenated, or out-of-range enti-
ties.

Modifications of IGES files can
also be accomplished by the use
of text file editors or special
IGES file editors. The editing
of IGES files prior to transla-
tion can permit use of otherwise
valueless files. The editing of
IGES files must be approached
with caution since an intimate
knowledge of IGES and its file
structure is required. An intel-
ligent IGES editor 1linked with
IGES filter programs can permit
the successful translation of the
majority of IGES files. These
utility programs can also gener-
ate considerable savings in
translation time.

Conclusion
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IGES represents the best cur-
rently available standard for the
transfer of 3-D modeling data be-
tween dissimilar systems. While
the restrictions present in any
standards applied to a rapidly
evolving field are unfortunate,
IGES is widely supported and is
an evolving and improving stan-
dard. Unfortunately, the quality
and robustness of the implementa-
tion of IGES translators varies
considerably between vendor im-
plementations. However, the
pressures of the market place and
the increasingly common require-
ments for CAD data transfer are
resulting in Dbetter +tools and
support.

The development of PDES and
adoption of IGES/PDES as a world-
wide standard indicate the accep-
tance of IGES. Using the stan-
dard is not yet a turn-key opera-
tion and an understanding of the
problems and limitations of the
standard are required to imple-
ment IGES file transfers success-
fully. A proper set of procedu-
ral and systems based tools for
IGES are essential for any suc-
cessful implementation.
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Auxiliary Views

Using 2-D CAD (CADKEY

Ernesto R. Ramirez and Robert P. Kelso

Department of Mechanical and Industrial Engineering
Louisiana Tech University
Ruston, Louisiana

A technique for creating aunxiliary views of three-dimensional objects using 2-D

CADEKEY is demonsirated,

The problem: Using 2-D CAD,
¢reate an auxiliary view of a
three~-dimensicnal cbject showing
the true shape image of an in-
clined surface. For the object
of Fig. 1, show the true shape
image of the surface appearing in
edge view in the front view.

The solution:

A. Draw two lines parallel to
the designated edge view - cne to
gerve as a "backstop 1line® for
the projection lines constructed
perpendicular tc the edge view
and the other to serve as the
auxiliary folding line (Fig. 2).

B. Construct projection 1lines
perpendicular to the backstop
line and passing through the end-
points of each line of the front
view image (Fig. 3).

C. Copy the top (or =side)
view, including the folding line,
to a position such that the end-
point of the copied folding line
coincides with the endpoint of
the auxiliary folding line (Fig.
4). (Change the lines to phantom
lines to create a phantom view.)

If overlapping of principal views
occurs, transfer the phantom view
to a different LEVEL (a pseudo-
transparent overlay with on/off
visibility capabilities).

D. Determine the angle between
the phantom folding line and the
auxiliary folding line (Fig. 5).

E. RCOTATE the phantom view
such that (1) it lies on the same
side of the auxiliary folding
line as the desired auxiliary
view and (2) the folding line is
collinear with the auxiliary
folding line (Fig. 6).

F. From the end peoints of each
line in the phantom view, draw
projection lines parallel to the
auxiliary folding line into the
area of the desired auxiliary
view (Fig. 7).

G. The intersection of the
projection 1lines which are (1)
parallel and (2) perpendicular to
the auxiliary folding line deter-
mines the points of the final
auxiliary image (Fig. 8).
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Formulas for Quickly Determining the Area of Regular Polygons

wWilliam M. Waters, Jr.

Department of Mathematics and Science Education
North Carolina State University
Raleigh, North Carolina

Formulas for the area of regular polygons are developed using the properties
that all regular polygons can be inscribed .in or circumscribed about a circle and
that each regular polygon can be decomposed into a set of congruent isosceles
triangles. Basic geometric and trigonomeiric properties are used to determine
the area when given the three most common parameters used by drafters:
distance across corners, distance across flats, or length of a side. A summary of
formulas for the area of the most common regular polygons is given.

A general method for finding
the area of a regular polygon is
helpful to mathematicians,
drafters, and engineers. Any
regular polygon of n sides can be
decomposed into a set of n con-
gruent isosceles triangles (Fig.
1), each of which has its vertex
at the center of an inscribed or
circumscribed circle. Hence,
finding the area of one of the
triangles and multiplying by the
number of sides will give the
area of the polygon.

The avalilable parameters are
the radius of the circumscribed
circle (R), the radius of the in-
scribed circle (r), and the
length of a side of the polygon
(s) (Fig. 1).

Case 1. The radius (R) of the
circumscribed circle is known.
This is the situation which oc-
curs when the "“distance across

corners (vertices)", twice the
radius, is given for a polygon
with an even number of sides
(Fig. 2).

(c)

{b)

Fig. 1 Regular hexagons with
(a) a circumscribed circle of
radius R, (b) an inscribed circle
of radius r, and (c) a side
length s. :
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In this case the formula for the
area of a triangle given two
sides and the included angle is
utilized, namely

A =0.5absin o

For

and
o = 360° / n
then
A = 0.5 R% sin( 360° / n )

and K, the area of the polygon,
is given by

K=naA
= 0.5

n R? gin( 360° / n )
Example: A bolthead is in the
shape of a regular hexagon and
the distance across corners is 20
mm. What is its area?

D = 20 mm

Fig. 2 Reference triangle for a
polygon circumscribed by a
circle., R = radius of the circle

= length of triangle side.

. Fig 3
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Thus
R =10 mm

For a conventional bolthead, n =
6 and a = 60°

Thus, the area of the polygon is

K = 0.5 (6) 102 gin 60°
= 300 (0.866)
= 259.8 mm?
Case 2. The radius of the in-

scribed circle (r) is known (Fig.
3). This is the situation where
the "distance across flats", 2r,
is given.

the area of the
Since

In this case,
triangle is 0.5 b r.

tan( o« / 2 )= (b / 2 ) /T

then

l L#—ky2 ~2
{

b

A

Reference triangle for a
polygon with an inscribed circle.
Radius of the «circle = r =
altitude of the triangle.
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b/ 2=r1rtan( o / 2 )
And since

o = 360° / n
then

o/ 2 =180° / n

Therefore, the
triangle is

area of the

A =12 tan( 180° / n )

Thus, the area of the polygon is
given by the formula

K =n r2 tan( 180° / n )

Example: A customized octagonal
bolthead has a distance of 16 mm
across flats. What is its cross
sectional area?

n-=2=38

d=21r =16 mn
Thus

r = 8 mm
and

180° / 8 = 22.5°

The area of the bolthead is
therefore
K = 82 tan( 22.5° )
= 64 (0.414)
= 26.50 mm?
Case 3. The side of a regular

polygon is given (Fig. 4). The
side (s) of the polygon 1is the

AREAS OF REGULAR POLYGONS 17

base of the isosceles triangle.
Since the area of the triangle is

A=hs /2
and

cot( o /2)=h/ (s/2)
then

(hs)/2=0.25 82
cot(a / 2 )

Since
o = 360° / n

then

o / 2 180° / n
Thus, the area of the triangle is
A = 0.25 s2 cot( 180° / n )

The area of the
therefore

polygon is

A

a/2
Lﬂk-s/2

.

Fig. 4 Reference trilangle for
polygon with side length given.
Side length = s = length of
triangle base.
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K = 0.25 n s2 cot( 180° / n )

Example: Find the area of a reg-
ular pentagon which is 20 cm on a

K = .25 (5) 202 cot( 180° / 5 )

= 500 cot ( 36° )

side. = 500 (1.376)
n=5 = 688 cm?
s = 20 cm Table 1 summarizes the formulas
for each case and gives approxi-
Therefore, mations for the most common con-
figurations.
Number of
sides n 4 6 8
Given
R 0.5nR%sin(360°/n) 2R2 2.598R? 2.808R2
r nr’tan(180°/n) 42 3.964r2 1.657r2
s 0.25ns2cot (180°%/n) g2 2.598s52 4.818s2
Table 1 Summary of Area Formulas for Regular Polygons
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Axonometric Projections

Lemuel J. Chastain

Mathematics Teacher
Upper Manhattan Outreach Program
New York, New York

An alternative to the method of double-rotational transformation is described
for the generation of dimetric and trimetric projections which avoids any

explicit statement of angular measure,

In Technical Drawing, Sixth Edi-
tionl, there are descriptions of
axonometric projections and di-
metric drawings. This article
will extend that coverage. Cor-
rect constructions for dimetric
and trimetric projections will be
given. If dimetric drawings are
required, they can easily follow
from dimetric projections.

A "primary auxiliary view" of
an object may be obtained by a
single rotational transformation
from a regular multiview projec-
tion by explicitly stating an an-
gular value of rotation. It this
angle is one of the acute angles
of a Pythagorean triangle, then
lengths along both foreshortened
axes will appear as rational
fractions of their true length.
Using the 3-4-5 right triangle,
for example, dimensions parallel
to the three axes would be 60%,
80%, and 100% of their true
lengths. This avoids the irra-
tional values inherent in rota-
tions, such as with thirty or
forty-five degrees. The values
of the acute angles in Pytha-

C> 1989 Lemuel J. Chastain

gorean triangles, such as the 3-
4-5 triangle, cannot be stated
exactly, nor need those values be
known.

An objection to the isometric
projection is that it requires
dimensions parallel to the three
axes to be multiplied by an irra-
tional fraction (/6 / 3 ) to ob-
tain their projected lengths. If
all points are given by three co-
ordinates, then this 1little in-
convenience applies to all lines.
The isometric drawing avoids this
problem, but adds its own, in
that it is not in correct propor-
tion to multiview projections
which it might accompany. The
challenge was to determine 1if
there were points in space from
which to view an object in an or-
thogonal three-dimensional coor-
dinate system for which unit
lengths along each of the axes
would all project as ratiocnal
fractions. Obviously, it can not
be the same fraction for aill
three directions, as this case is
taken by the isometric projec-
tion. The work that follows,
while being a satisfying cerebral
exercise, may be too late given
the ability of graphic generators
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to easily rotate and display
solids dynamically. It is also
possible to calculate static pro-
jections by use of a double rota-
tional transformation, but this
is hardly a convenient alterna-
tive; it adds computational dif-
ficulties and still invelves ir-
rational values,

There is a fundamental mathe-
matical relationship governing
axoncmetric projections that is
not in the readily available 1lit-
erature. It is most easily il-
lustrated by reference to a cube
with an edge of length D. Let
the three mutually perpendicular
edges be parallel to the X, Y,
and Z axes. For any view of the
cube, let A be the projection
onto the projection plane of the
edge in the X direction, let B
be the projection of the edge in
the Y direction, and let C be
the projection of the edge in the
Z direction. Assume that D is
positive, and that all three of
A, B, and C are nonnegative.

The relationship then is:

a2 + B2 + ¢c2 = 2p2 (1)

If all three edges could appear
at once as true lengths, the left
side of Eg. (1) would exceed the
right side; thus, this case is
impossible. The three regular
multiview projections result when
two of the edges appear in the
projection as true lengths, forc-
ing the third to have a magnitude
of zero. A '"primary auxiliary
view" results when only one of
the projected edges appears as a
true length, such as a view show-
ing just the front and side of
the cube. Only the cube height
appears at its full value.
(Since one of the terms on the

left of Eq. (1) is equal to D2,
the other two terms must sum to
the remaining D2 on the right of
Eg. (1) - implying involvement of
the Pythagorean Theoremn.)

The final possibility is that
none of the cube's edges project

in their true length and this,
involving axonometric projec-
tions, is the most interesting.

(The term "“secondary auxiliary
views" also refers to axonometric
projections.) The sum of A, B,
and C appears to have a minimum
value of 2 in the multiview pro-
jections, and a maximum wvalue
equalling 6 for the isometric
projection. The following con-
straint may be added to avoid
trivial cases:

A<B<C<D

The isometric view may also be
avoided by the further require-
ment:

A <C

which is justified, as finding an
alternative to the isometric pro-
jection was the first motivation.
Also note how Egq. (1), without
the above constraints, unifies
all the various views.

What began as a search for sets
of four integers that satisfy Eg.
(1) yielded many such sets. The
first solution (A=7,B=7,C=8,D=9),
illustrated in Fig. 1, was found
using a calculator. Many other
solutions were then found using a
program written in BASIC run on a
Commodore 64 computer. A few of
these projections were actually
executed with compass and
straight edge. The program did
not distinguish between dimetric
and trimetric cases, nor did it
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Fig. 1
weed out selections that were

linearly dependent with previ-
ously calculated soluticons. The
first solution, above, is dimet-
ric, as is (12,17,17,19). The
first trimetric solution, illus-
trated in Fig. 2, is
(11,19,20,21). (The actual order-
ing of solutions depends on how
the computer program is written.)

Fig. 3 illustrates an IBM PC
program; however, development was
done almost exclusively on a Com-
modore 64. (Programming instruc-
tors may object to the liberal
uge of the GOTO statements.)

AXONOMETRIC PROJECTIONS 21

1

—

(1,19,20,21>

Fig. 2

Fig. 4 indicates a typical IBM PC
output. : :
Redundant solutions do satisfy
Egq. (1) and are not difficult to
isolate when only a few solutions
are being considered. This
problem was partially avoided by
selecting the upper and lower
bounds of D for a given execution
of the program. Since even val-
ues of D are not considered, the
double of a previously occurring
solution can not appear. . For ex-
ample, the first multiple of
(7,7,8,9) will be (21,21,24,27),
and not (14,14,16,18). This sug-
gests that D be considered in a
given run from D = X to D = 3X-1.
This is not totally adequate, as
other odd multiples of unigue
solutions will appear: a pro-
gram with D ranging from 25 to
74 would yield (21,21,24,27),
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20 INRPUT “START WITH D ODD INTEGER > 1 %*;85

21 I¥ 8 < ) GOTO 6311

22 IFP NOT S/2 = INT(S/2) + 1/2 GOTO 640

30 INPUT "MAXINUM POR D = %;E

40 INPUT “PRIOR TALLY(OF D-1)}= ®7: D=8=2

55 LPRINT: LPRINT

60 LPRINT *D FROM ®;:5;% 'f0 “; E : LPRINT

70 L5 = TIMER: GOTO 118

114 REM LPRINT TAB(20) (TIMER =L5)/60;"MIN.":LPRINT
115 D=D+2: IF D>E GOTO 600

130 A=1: B=A: CwB+l: GOTO 410

210 A=A+1: IF A>D9,8165 GOTO 114

220 TP Aol < 6*D - 6 GOTO 210

240 IF As/2 = IKT (A/2) GOTO 260

250 B = A: GOTO 270

260 B = A+ %

270 C = A + 1: GOTO 410

J10 IF A/2 = INT (A/2) GOTO 160

320 B=B+1:C=B+1:IF A®A<6*B+7 GOTO 210

150 GOTO 372 .

360 B~B+2:CwB: IF A*A<4*B+2 GOTO 210

172 IF B=> D GOTOQ 210

380 IF A*A+Br*B+2<D*D+2*D GOTO 110

184 GOTO 410

405 C = C + 2

410 IF C « D*,81649 GOTO 405

420 IF AeA+BE#B < CoC+4+C GOTO 310

422 IF C=> D GOTO 110

425 R = (A+B+C)/D: IF K < 2 GOTO 405

426 IFP X > 2.45 GOTO 320

4§28 R = ROA4BY*B+CeC-DeDe2

430 IF ABS(R) < .00004 GOTC 509

415 C = C+2 : GOTO 420

503 T = T+]

510 LPRINT7SOLUTION™;T:™ (":A:B:;:C:D;" )"
520 GOTO 110

600 LPRINT

610 LPRINT "DONE D =»";S:;™ TO":E: LPRINT
611 LPRINT "BEGIN NEXT TIME WITH Dw";E+1
612 LPRIMNT "AND WITH TALLY(D-1) =" ;T:".*
€25 LPRINT : GOTO $45

631 PRINT "ERR; D TO SMALL™: GOTO 645
640 PRINT "ERROR LINE 20, MAKE D ODD."
645 REM LPRINT "DEMIAD/IBM:88": LPRINT:LPRINT
660 END

Fig. 3

(35,35,40,45), and (49,49,56,63)
- all representing (7,7,8,9).

Eg. (1) was derived from a ba-
sis result in linear algebra:
“The sum of the squares of the
direction cosines (of a line with
respect to a set of orthogonal
axes 1in an n-dimensional space)
is equal to one." 0Only three-di-
mensional space will be consid-
ered, requiring three angles: o ,

£ , and vy

Then,

c052 o + 0052 B + cos2 vy =1

(2)
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D FROM 3 TO 44

SOLUTION 1 (7 7 8 9 )
SOLUTION 2 ( 12 17 17 19 )
SOLUTION 3 ( 11 19 20 21 )
SOLUTION 4 ( 16 19 21 23 )
SOLUTION 5 ( 20 23 23 27 )
SOLUTION 6 ( 21 21 24 27 )
SOLUTION 7 ( 13 27 28 29 )
SOLUTION 8 ( 16 31 31 33 )
SOLUTION 9 ( 23 25 32 33 )

SOLUTION 10 ( 20 31 33 35
SOLUTION 11 ( 25 32 33 37
SOLUTION 12 ( 27 28 35 37
SOLUTION 13 ( 29 35 36 41
SOLUTION 14 ( 27 37 40 43

Tt Wnat® Vgt Vot sl

DONE D = 3 TO 44

BEGIN NEXT TIME WITH D= 45
AND WITH TALLY{D-1) = 14 .

Fig. 4

Each cos? term is then replaced
by 1 - sin? (of the respective
angle), for which sin o = A/D,
sin 8 = B/D, and sin vy = ¢/D. To
avoid round-coff errors for frac-
tions in the computer, p2 appears
on the right side of Eq. (1).
This equation was designed to de-
termine integer solutions, but it
works edqually well for irrational
values. Eq (2) can be general-
ized for n-~dimensional space by
having "n" terms on the left for
"n" different direction cosines.
(For two dimensions, it is equiv-
alent to the Pythagorean For-

mula.)
There is not yet a term "di-
rection sines" - perhaps because

it would yield two angular values
in the range of zero to one hun-
dred eighty degrees, for any in-
put in the domain from zero to
one. The nature of these pro-
jections 1s such, however, that
no angle greater than ninety de-
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grees will be required, so a term
such as "projection sines" might
be Jjustified. Since projection
. sines would have a more re-
stricted range and domain than
direction cosines, one would have
to be vary careful not to ke con-
fused by the two. This alone
might rule against introducing
such a new term. '

Given the restraints, Eg. (1)
allows for three independent
variables, which determine the
fourth. As such, the dimetric
drawing on page 517 of Technical
Drawing— can become dimetric pro-
jections with the proper choices
for the edge 1lengths for the
three cubes, which are: VEE] 3,
Y17/ 4, and V1i8/ 4, respectively,
for I, II, and III of Fig. 16.42.
Obvicusly, not D alone, but any
one of the variables may be the
independent variable.

Consider the dimetric projec-
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tion, as it is easier to con-
struct than the trimetric projec-
tion. Assume that the one
nonequal projection is the
height, for the sake of the con-
struction in Fig. 5. Then the
top face is a rhombus with edges
composed of the two projections
that are equal. Its major diago-
nal is horizontal on the page and
appears as a true length (i.e.,
D v2 ). 1In this dimetric view,
the top rear corner appears di-
rectly above the top front cor-

. ner. [For (7,7,8,9) the (verti-

cal) minor diagonal projects as:
V2 ( 92 - g2 )0‘5 = V34, vhich
may be constructed as the
hypotenuse of a right triangle
with leg lengths of three units
and five units.]

This allows the rhombus to be
completed and subsequently, the
rest of this dimetric projection.
This construction does not re-

3%

\74

Construction Series 1 ~ Dimetric projection (7,7,89

<>

7 7

SY

Fig. 5
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quire the equation given by
Giesecke, et al., on page 516.
Construction of a trimetric
projection requires a bit more
mathenmatics. Consider the pro-
jection that yields the solution
(11,19,20,21). Censtruct the
first edge as a segment of the
vertical axis, with endpoint co-
ordinates of (0,0) and (0,20)
(Fig. 6). Plan to construct the
eleven~unit edge projections off
to the right of the vertical axis
and the nineteen-unit edge pro-
jections to the left. The other
endpoints of these four edges
will lie on two circles of radius
nineteen and two circles of ra-
dius eleven, and also on ellipses
that intersect these <circles.
(One of each sized circle, and
one ellipse, will be centered at
each end of the edge Jjust con-
structed on the vertical axis.)
The intersections of these curves
will provide, at most, four ori-
entations of the cube. Since the
eleven-unit edge projections are
to be on the right, only two
choices remain: looking down on
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the cube or loocking up at the
cube. Assume the wview from
above.

The height of this cube is
tilted away from the plane of
projection at an angle, the sine
of which is (20/21). Allow the
cube to rotate around this edge
(height), the projection of which
was just constructed. This axis
of rotation does not lie in the
plane of projection, sc¢ that all
points not on the axis of rota-
tion project ellipses on the
plane of projection as the cube
is rotated. O0f concern are the
four nearby vertices. When the
edges connecting them to the axis
of rotation are parallel to the
plane of projection, these el-
lipses have a semimajor axis (of
their own) of twenty-one units,
horizontally, to the left and to
the right. When the cube is ro-
tated ninety degrees from this
position, the ellipses have a
vertical semiminor axis that
equals Va1l . Note that eleven
and nineteen 1lie between these
two values, guaranteeing inter-

Construction Series 2 - Trimetric Projection (11,19,20,21>

<

1

¥ Elipse (_gf)‘ +(‘%)‘ =1

Fig. 6
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sections between the circles and
the concentric ellipse. The same
sized ellipse is used with all of
the circles. The end points of
the bottom nineteen-unit _edge
projection are (0,0) and (-Vv352.8
, ¥8.2 ). The endpoints of the
lower eleven-unit projection are
(0,0) and (v88.2 ,¥32.8 ). All
other edges are parallel to one
of the three lines that are now
determined. Those endpoints that
were Jjust found should fall ex-
actly on the circular arcs with
radii of eleven and nineteen
units that were previously indi-
cated. This is a bit complicated
to do by hand, but a few simple
programs should allow a modern
plotter to do this gquite quickly.
In actuality, the coordinates of
the points given above are found
algebraically, since it 1is not
possible to construct an ellipse
using just a compass and straight
edge.
only by first organizing
numerous Pythagorean triplets
into an orderly two-dimensional
array was an approach developed
which could be adapted to a
three-dimensional array of the
axonometric quadruples.  This led
to the equations of Fig. 7 for A,
B, C, and D in terms of three new
variables £, g, and h.
These equations, in turn, allow
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programs to be developed (in BA-
SIC) for finding integer solu-
tions for A, B, ¢, and D, in
terms of all £, g, and h.

While dimetric solutions abound
and are not too difficult to exe-
cute, they are only slightly more
dramatic than the isometric.
Consider illustrating a house.
Who would suggest that the roof
and a side should get the same
emphasis as the facade - as with
the isometric projection? A well
chosen trimetric projection ri-
vals a good perspective for such
applications.
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A= 2g + (2h - 1) + 2 /2fg + 2gh + 2hf - £ - g  (3a)
B = 2f + (2h - 1) + 2 /2fg + 2gh + 2hf - £ = g  (3b)
c = 2f + 2g + 2,/2fg + 2gh + 2hf - £ - g  (3¢)
D= 2f + 2g + (2h - 1) + 2,/2fg + 2gh + 2hf - £ - g  (3d)

Fig.
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2-D and 3-D Graphics Software
for Lower Division Graphics Courses

S. K. Mickelson

Department of Freshman Engineering
Towa State University
Ames, Towa

A description of the 2-D graphics package, EDRAW, and the 3-D graphics
package, GEQM3D, boih developed by the Freshman Engineering Department at
Iowa State University, is given. Integration of this seftware usage into a course
covering fundamentals of graphics, computer graphics, and engineering design is

outlined.

Introduction

Incorporation of the computer
in the lower and upper division
graphics courses is a necessity.
Students must become familiar
with the potential of the com-
puter to ke adequately prepared
for industry. Industrial (com-
mercial) software packages are
powerful and impressive tools but
can become cumbersome and im-
practical to use in a lower divi-
sion program that handles hun-
dreds to thousands of engineering
students each year. When using
an industrial package, the course
tends to be centered on that par-
ticular package instead of on the
appropriate fundamental course
coverage. A suitable balance
must be maintained between the
course fundamentals and the com~
puter usage.

The Department of Freshman En-
gineering at Iowa State Univer-
sity developed and has been using
2-D and 3-D software packages
capable of handling multiple
users on moderately priced com-

puter graphics hardware. The 2-D
drawing package was developed as
an introduction to computer-aided
drafting. Graphic elements are
available to create 2-D drawings
by using a locator, absolute co-

ordinates, or relative coordi-
nates. The software is menu-
driven and has a very short

learning curve. The 3-D modeling
and analysis package is also menu
driven. It allows the user to
enter and manipulate a 3-D
database comprised of simple ge-
ometries with plane surfaces.
Analysis of the object allows the
user to visualize a particular
property of an cbject or deter-
mine the magnitude of geometric
properties, including true shape,
dihedral angle, and many others.
Incorporation of these packages
intoc our freshman engineering
graphics course has successfully
enhanced our course objectives,

Engineering Graphics
at Jowa State
State the

At Iowa engineering
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graphics course integrates funda-
mentals graphics, computer graph-
ics, and engineering design.
Each of these components con-
prises approximately one-third of
the one semester course. The
fundamental graphic portion
consists of 2-D and 3-D freehand
sketching, 1lettering, instrument
drawing, engineer's and metric
scales, orthographic systems,
solid object drawings, and dimen-
sioning. The computer graphics
portion covers usage of 2-D com-
puter drawing, computer drawing
using BASIC programming, and 3=-D
modeling and analysis. Finally,
engineering design ties together
the skills developed in the fun-
damental and computer graphics
sections of the course to expose
the freshman to open-ended design
problemsl.

The course objectives for the
engineering graphics course are
as follows:

1. To develop an ability to com-
municate in the graphic language.

2. To develop an ability to vi-
sualize in three dimensions.

3. To introduce the student to
techniques for describing geome-

tries in two and three dimen-
sions.
4. To use computer graphics to

enhance the understanding of fun-
damental graphic principles and
to assist in the visualization
and solution of problems.

5. To involve the student in a
design experience in the follow-
ing ways:
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a. Introduction to the design
process.

b. Experience with the itera-
tive nature of design.

¢. Preparation of reports and
presentations for design reviews.

d. Production of design docu-
mentation, such as design draw-
ings and geometric databases.

Approximately 600 students take
the engineering course each
semester. This course is a re-
quired class for all the engi-
neering students at Iowa State.
It is part of the "Basic Program"
of courses and must be completed
before the student can progress
more than one semester into his
"professional Program."

The students have access to 108
DEC VT241 color graphics termi-
nals, which are in classrooms and
student 1labs. These terminals
are connected on a DEC Ethernet
and then are carried to a VAX
cluster across a fiber optic
link. The VAX cluster consists
of three 11/785's and a VAX 8200.

Utilizing EDRAW,
a 2-D Drawing Package

An interactive two-dimensional
drawing package (EDRAW) was de-
veloped for the engineering
graphics course by the Freshman
Engineering Department at Iowa
State University. EDRAW was de-
signed by faculty and programmed
by undergraduates student pro-
grammers, thus allowing the pro-
gram to correspond to the objec-
tives intended for the engineer-
ing graphics course. This soft-
ware package was specifically de-



28 S. K.

signed to be an introduction to
computer-aided drafting. EDRAW
was developed to work on Digital
VT241's and VT 341's.

EDRAW was written as a menu-
driven system, making the learn-
ing curve very short. At
startup, the main menu appears in
the upper right-hand corner of
the screen and the scale apprears
in the upper left-hand corner. A
menu option can be selected by
positioning the block cursor on
the desired option with the cur-
sor keys on the keyboard or by
pressing the number associated
with the desire option and then
pressing the <return> key. The
scale is the ratio of the window
coordinates to the world coordi-
nates. The world space is a two-
dimensional Cartesian coordinate
system with the starting origin
at (0,0).

Several submenus branch from
the main menu. Some of the sub-
menus are shown in Fig. 1. The
"ecreate" submenu can be used to
develop several graphic elements,
including boxes, curves (circles,
ellipses, and irregular curves),
lines, markers (arrows and cross
hairs), and polygons (Fig. 2).
Other create options include se-
lection of a color, line pattern,
locator mode, and grid options
(pictorial or rectangular). Lo-
cation features can be specified
with absolute coordinates, rela-
tive coordinates, or with a loca-
tor. The other submenus (Fig. 1)
allow the user to add text to the
drawing, dimension the drawing,
modify existing graphics elements
or text, change display options,
such as the scale, and manipulate
files.

EDRAW is introduced early in
the semester to help the students
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become familiar with the computer
system. Approximately 15-20 min-
utes are spent by the instructor
demonstrating to the class how to
use EDRAW, after which the stu-
dents begin working on their as-
signments in c¢lass. Since EDRAW
is menu-driven, little assistance
is required once the students be-
gin. Assignments range from re-
producing a multiview drawing to
creating the pictorial or isomet-
ric drawing of an object. EDRAW
can also be used during the di-
mensioning section of the course
and during the design drawing
portion of the course. Fig. 3
illustrates an example drawing
made using EDRAW.

Utilizing GEOM3D,
a 3-D Modeling Package

Many vendors of 2-D CAD pack-
ages are adding 3-D capabilities
to their products. There are-
many advantages to 3-D, espe-
cially in engineering applica-

tions. "When a drawing is cre-
ated from a 3-D model", explains
Joel Orr, principal c¢onsultant
with Oorr Assoclates, Inc.,

"consistency in views 1is as-
sured." After the time is spent
creating a 3-D model, the drawing
comes "“free." For a package to
be true 3-D, it must contain ¥,
y, and z coordinates.

GEOM3D is an interactive 3-D

geometric modeling package de-

signed by Freshman Engineering
faculty and programmed by under-
graduate student programmers.
This package, like EDRAW, is also
menu driven, thus making this
package very easy to learn and
use. The database is made up of
the x, y, and z coordinates (as
defined in a right-handed Carte-
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in which the points are connected
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the object. an input database is
shown in Fig. 4.

Once the database 1is input,
different views of the object can
be displaved on the left or right
half of the monitor simultane-~
ously (Fig. 5) or the object may
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be displayed on. the full screen
or in orthographic views (Fig.
6).

GEOM3D also has an analysis op-
tion. Analysis of the object al~-
lows the user to see a particular
property of a polyhedra, and to
determine the magnitude of geo-
metric properties. Analysis op-
tions include £finding the true
length of a line, the angle be-
tween a chosen line and the x, Yy,
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or z axis, the shortest connector
or shortest perpendicular dis-
tance, the angle between two
lines, the angle between a line
and a plane, the normal vector to
a specified plane, the true shape
of a plane, and the dihedral an-
gle. An example of finding the
true shape of the plane defined
by nodes 2, 4, and 5 is shown in
Fig. 7. Notice how the magnitude
of the triangular area of plane
2-4-5 has been calculated. The
viewpoint necessary to see the
true shape is given, and the true
shape view is shown in the right
window.

Before students are allowed to
use the GEOM3D modeling package,
they spend approximately three
periods (six class hours) using
vector techniques in order to
learn how to work with 3-D
databases. Given a simple geo-
metric object with plane sur-
faces, the students are required
to calculate various viewpoints
and magnitudes of specific geo-
metric properties. The vector
analysis used has been covered in
a previous paper by Helmlinger
and Northup2 and in Eide, et al3.
After making the necessary calcu-
lations using vector analysis,
the students are allowed to use
GEOM3D in order to verify their
answers. GEOM3D, a very useful
tool in helping the students to
visualize, also allows students
to consider such problems as the
total area for an object, as well
as many other analysis-type prob-
lems.

Conclusion
The Department of Freshman En-

gineering at Iowa State Univer-
sity has developed 2-D and 3-D
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graphics software that supports
the course objectives established
by the department. EDRAW, the 2-
D package, serves as an appropri-
ate introduction to computer
graphics. The 3-D programn,
GEOM3D, helps students in under-
standing how to work with a 3-D
database and is an effective tool
in helping the students to visu-~
alize in three dimensions. Con-
tinuing modifications to both
packages is taking place in order
to stay abreast of the changing
field of engineering computer
graphics. '
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Chairman’s Message

by
Merwin Weed

It is hard for me to believe
that my tenure as Chairman of the
Division is almost over. Since
this is my last opportunity to
write you in the Journal as
Chairman, I want to take this op-
portunity to thank all of the of-
ficers for their many hours of
dedicated service to the Divi-
sion. I also want to thank the
Division membership for the loyal
support that they have given to
the Division through committee
work, article production, confer-
ence activities, and the 1like.
This broad-based support is what
makes the EDGD so special.

This brings me to the next
topic - "membership". We have a
good thing going, so let's not

hide it! In fact, let's broad-
cast it. If you have a friend, a
colleague, or just an acquain-

tance interested in any facet of
engineering design graphics,
would you please introduce that
individual to the activities of
the Division. The EDGD is strong
and healthy, and there is no rea-

rent graphics

son why it can't be more so with
a little effort. If you would
like to have an application form
or a supply of formsg, please call
or write:

Merwin L. Weed

Penn State McKeesporit
University Drive
McKeesport, PA 15132
(412) 675-9497

The next meeting of the EDGD
will be held at the annual ASEE
Conference in Lincoln, Nebraska,
June 25-29, 1989. I hope to see
you there.

1989 ASEE Annual Conference
by
Moustafa R. Moustafa
(EDGD Program Chairman)

Sessions to be held at the An-
nual ASEE Conference sponsored by
the EDGD include:

1138% - Mon., June 26, 7-8:15
Creative Engineering Design Com-
petition and Display Judges'
Breakfast

Thomas R. Baker, Villanova
Orientation procedures will be
presented to the Jjudges of this
competition.

1237 - Mon., June 26, 8:30-10:15
Thecoretical and Computational
Graphics Research

Walter E. Rodriquez, Ga. Tech

Edward Galbraith, Cal. Poly.
This session will describe cur-
research efforts
and innovative project ideas in
theoretical and computational



SPRING, 1989

graphics. It will focus on the
impact these projects have on the
engineering graphics curriculum
and on the educational activities
it generates.

1238 - Mon., June 26, 8:30-4:15
Creative Engineering Design Com-
petition and Display

Thomas R. Baker, Villanova
Engineering student design pro-
jects from the United States and
Canada will be presented in an
ongoing display of creativity and
ingenuity. Projects will be
judged and winners ©presented
awards at the annual EDGD ban-
gquet.,

1638 - Mon., June 26, 4:30-6
EDGD Executive Committee Meeting

Merwin L. Weed, Penn State
Business Meeting

2237 - Tues., June 27, 8:30-10:15
Graphics in Capstone Design
Courses

Rollie Jenison, Iowa State

Ileana Costea, Cal. State
Speakers will discuss the uti-
lization of engineering graphics
in their capstone design course
for engineers and technologists.
Graphical prerequisites for their
senior students will be outlined.
Suggestions will be offered for

improving introductory graphics
courses, particularly in the
areas of computer usage and

definition of geometry.

2238 - Tues., June 27, 8:30-4:15
(see session 1238)

2438% - Tues., June 27, 12:30-2

EDG Curriculum Modernization Com-

mittee Luncheon and Meeting
Ronald E. Barr, Univ. of Texas
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A luncheon and business meeting
of the EDG Curriculum Moderniza-
tion Committee. All committee
members are urged to attend the
meeting.

2537 - Tues., June 27, 2:30-4:15
Computer Graphics Projects in En-
gineering Education - Part I

Davor Juricic, Univ. of Texas

Ronald Barr, Univ. of Texas
Presentation of computer graphics
projects initiated last summer at
a 2-week NSF-sponsored workshop
on computer graphics in engineer-
ing.

2637 - Tues., June 27, 4:30-6

Computer Graphics Projects in En-

gineering Education - Part II
(see session 2537 - Part I)

2738% - Tues., June 27, 6:30-10
EDGD Annual Awards Banquet

Merwin Weed, Penn State
Presentation of the Creative En-
gineering Design Competition and
Display awards and the Division
Distinguished Service Award. So-
cial hour with cash bar will pre-
cede the meal.

3238 - Wed., June 28, 8:30-12
(see session 1238)

3438* - Wed., June 28, 12:30-2
EDGD Annual Business Luncheon

Merwin Weed, Penn State
Open business meeting.

Session locations were not avail-
able at the time of publication.
ASEE will publish this informa-
tion in the final conference pro-
gram.

*
Denotes meal event
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New ASEE Requirements
Placed on Divisions

Recently, three write-ups were
distributed to all ASEE Division
officers by W. D. Turner, ASEE
Vice-President and PIC I cChair-
man. Please direct any com-
ments to:

Merwin Weed

Chairman, EDGD

Penn State University
McKeesport Campus
University Drive
McKeesport, PA 15132
(412)-675-9497

Important Changes Facing ASEE
Divisions/Committees

There are several important is-
sues facing the ASEE membership.
Some are cost=driven; others are
driven by our quest for quality
within our organization, quality
in our leadership, our program,
and our publications. Let us
take several of these issues and
discuss both the problem and some
solutions.

First, the annual conference
proceedings. The number of vol-
umes has steadily increased, re-
sulting in a five-fold increase
in the number of pages. The pro-
ceedings are expensive (adding
nearly $50 to the cost of regis-
tration for the annual confer-
ence), contain papers of little
interest to many of the readers,
and quality control on most pa-
pers is poor. Some are excel-
lent, while others are poorly
written and are not deserving of
publication.

To study the problem a special
task force was appointed. Repre-

sentatives from the Professional
Interest Councils (PIC's), the
Annual Conference Committee, and
the Publications Committee were
included. The task force met in
Lincoln during the Fall Planning
Conference and made recommenda-
tions to the ASEE Board, which
were approved at the November
Board meeting. The summary rec-
ommendations are as follows:

All papers which will appear in
the proceedings must go through a
peer-review process, beginning
with the 1990 Proceedings. The
divisions/committees will need to
establish their review procedures
and have them approved by the
Publications Committee, who will
have oversight responsibility.
This policy does not preclude di-
visions/committees from having
poster sessions, '"shirt-sleeve"
discussion sessions, panel ses-
sions, or even technical sessions
where papers are formally deliv-
ered. It simply means these pa-
pers will not appear in a bound
volume, unless they have gone
through a peer-review process.
The names of the paper reviewers
for each session/division will
also appear in the proceedings.

For many of the divisions
/committees this change is going
to have a considerable impact.
It will mean establishing and
following a peer-review process,
and meeting deadlines much ear-
lier than we have been used to,
which will require having the
program chairperson identified at
least two years prior to a given
annual conference. Before you
say it cannot be done, I would
like to point out that a few of
the divisions are already review-
ing papers for presentation at
the annual conference and for
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B Incorporate the latest versions of the different CADD systems
B Present CADD as a versatile tool of engineering graphics and design
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Technical Drawing
B/e, 1586

Frederick E. Giesecke, Alva Mitchell,
Henry C. Spencer, Ivan L. Hill, and John T. Dygdon
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Ivan L. Hill, and Ronald C. Pare




38 ENGINEERING DESIGN GRAPHICS JOURNAL

publication in the conference
proceedings. The M.E. Division,
for instance, has been following
this procedure for the past five
years. And it works!

Having ©peer-reviewed papers
will, hopefully, address one of
the other issues, that of improv-
ing the quality of papers pre-
sented at the annual conference.
Our summer meeting is our

"flagship” conference, and we
should strive to make it even
better.

Another critical issue is the
need to develop better continuity
of leadership within the divi-
sions/committees. Officers need
to be elected for succeeding of-
fices, have proper orientation
and training and they need to at-
tend the ASEE leadership and
training sessions at the annual
conference. Again, some divi-
sions/committees do a good job in
training, but others do not. One
extreme case is a division which
elects the entire slate of offi-
cers at the annual conference,
and they serve for only one year.
There is no continuity of leader-
ship, no M"apprentice® training,
and little opportunity for ad-
vance planning. The latter item,
advance planning, is going to be
even more important with the new
schedule for the advance confer-
ence program, and for the peer-
review process. It is essential
that divisions which require by-
laws changes prepare the changes
this spring for consideration and
vote at the 1989 Annual Confer-
ence in Lincoln.

These two issues alone, peer-
review of proceedings' papers and
possible Dby-laws changes for
some, are going to require a
great deal of effort to get ac-
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complished by 1990. I hope you
will agree that the end result
will be worth the effort re-
quired, and that our annual con-
ference, our conference proceed-
ings, and the society as a whole
will be improved.

Suggested Model for Peer~Review of Papers for
Proceedings

This discussion assumes all di-
visions will have an executive
committee consisting of officers
which have been elected to a suc~
cession of offices within the di-
vision, and that +the progran
chairman for a given meeting is
known two years in advance of the
meeting.

Example for 1920 Annual <Confer-
ence in Toronto

The dates herein assume the in-
coming program chairman will have
met with the planning committee
and laid out plans for the 1990
conference (i. e., session topics
have been agreed upocon).

February, 1989 - Incoming pro-
gram chairman prepares "Call for
Papers" for 1990 Conference in
ASEE publications for March pub-
lication. Request abstracts of
potential papers be sent to Pro-
gram Chair by June 1, 198%. If a
division does not have a program
chair identified, I would suggest
the current program chair and ex-
ecutive committee perform this
function for this year.

Note: Divisions may resist the
idea of a two-step paper submit-
tal, i.e., abstracts followed by
full papers. Let me argue in fa-
vor of abstracts because they
help in planning. Once a divi-
sion decides on a session topic
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or theme, the call for papers is
sent out. At this point there is
a great deal of uncertainty on
the response. You may get three
abstracts - you may get 15. Hav-
ing the abstracts in-hand at the
annual conference will enable the
planning committee to change pro-
gram directions, if necessary,
develop a plan to solicit papers
if needed, and allow for more ab-
stracts to be submitted very soon
after the annual conference. It
is simply easier to work with
one-page abstracts than full pa-
pers. If your division does call
for abstracts as a first stage,
please ask for a 300-word (or
longer) abstract. It is almost
impossible to judge the potential
quality of a paper from a two-or-
three sentence abstract.

June, 1989 - At the annual con-
ference, review abstracts submit-
ted, and firm up the session top-
ics. Use the annual conference
to solicit additional papers
("fillers") or add a possible new
‘'session based on input of atten-
dees. Name moderators or session
organizers of each session. Or-
ganize mini-plenary to be pro-
posed.

July, 1989 - Notify authors of
the acceptance of the abstract
and request the full paper by Oc-
tober 1, 1989. ©Note: The papers
can either be returned to the
Program Chair or to the moderator
(session chair) of that session,
depending on the division's pref-
erence. The invitation to au-
thors should include space for
preparing/laying out the paper -
the draft form should emulate the
final layout form to ke dis-
tributed with author kit once the
paper is accepted.
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July, 1989 - Send out "Call for
Papers" for those sessions which
will not include peer-reviewed

papers, papers which will not ap-
pear in the conference proceed-

ings. These could be poster ses-
sions, laboratory demonstration

projects, panels, or non-reviewed
paper sessions. The deadline
date for abstract/long ab~-
stract/paper submittal, depending
on your preference, should be
September 1, 1989.

September, 1989 - Submit pre-
liminary program form to ASEE in
preparation of Fall Planning Con-
ference, including proposed mini-
plenaries.

October, 1989 - Fall Planning
Conference in Toronto. Sessions
should be fairly well laid out.
Mini-plenaries should be as con~
plete as possible.

October 1 - November 10, 19885 -
Review process for peer-review
papers. At least three reviewers
are suggested for each paper.
The session moderator should
probably review all papers pro-
posed in his/her session to aveid
overlap and to make sure that
there is consistent quality. The
other reviewers should come from
different universities to ensure
a diversity of reviewers. Over
time, each division should estab-
lish a list of potential paper
reviewers, and not use the same
people each year.

The names of all reviewers will
appear in the section of the pro-
ceedings where the papers are
published.

Mid-November, 1989 - Final pro-
gram completed, including session
titles, authors, paper titles,
etc., and submitted to ASEE head-
guarters. (Changes could proba-
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bly be made up to around December
1, 1989).

Late-Winter, 1990 - Author's
kits distributed to authors of
peer-reviewed papers for the pro-
ceedings.

Spring, 1990 (Probably around
mid=April) - Papers due back to
publisher on mats.

Those divisions having their
own publications will have dif-
ferent internal deadline dates to
meet. The dates suggested herein
are certainly not absolute, but
they appear to be workable. All
division program chairmen should
feel free to modify them to suit
their own division activities.
Certain dates, however, are set
and should be kept in mind, i.e.,
annual conference in June, fall
planning conference in October,
and final program submission to
ASEE in November.

Models for Division Officer Elections
and Executive Committee

There 1is an urgent need
throughout all the Divisions for
better continuity of leadership
and better training. The offi-
cers, to a large extent, deter-
mine the gquality of the annual
program and the quality of the
papers appearing in the pro-
ceedings. The ASEE reputation
and our professional reputation
as educators are partially at
stake here. With the new peer
review process required in 1990
for the proceedings' papers, and
with the emphasis on better offi-
cer training, it is important
that all divisions have a work-
able officer election process in
place by 19290. If your division
already has a workable model,
please read anyway Jjust in case

improvements can be made. Divi-
sion by-laws changes may be re-
quired.

The goal of these changes is to
have all divisions with an
election scheme which (1) allows
for a succession of officers and
(2) has the officers identified
in time for them to attend the
Leadership Training session on
Thursday morning at the annual
conference.

Possible Models

Have an entry level office such
as "Elected Member of Executilve
Committee" which would give a
person a year of apprenticeship
serving on the Executive Commit-
tee and learning the division or-
ganization. This officer would
then start through the successive
ranks of Secretary/Treasurer,
Vice-Chairman and Program Chair,
Division Chairmarn, and Past

Elected Hember
Secretary/Treasurer

!

Vice Chalrman and
Program Chairman

Y

Division Chairman

!

Past Chairman

Fig. 1 Possible Model for Offi-
cer Succession
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Chairman (Fig. 1).

Another model would be start
out as Secretary, and then dgo
through successive offices of
Treasurer, Vice-Chairman and Pro-
gram Chairman, Division Chairman,
and Past Chairman (Fig. 2).

The models, as proposed, would
require a five-year commitment on
the part of an officer. Two
important facts should be pointed
out with these models. First,
the incoming program chairman is
identified two years in advance
and has the opportunity to work
with one program prior to having
the responsibility for the annual
conference progranm, Second, the
past chairman is retained as an
executive committee member to
provide additional leadership and
guidance to the division. Sev-
eral divisions have the Past
Chairman head up the nominating
committee for the next vyear.
This makes sense because he/she

Secretary

!

Treasurer

!

Vice Chairman and
Program Chairman

!

Division Chairman

!

Past Chairman

Fig. 2 Possible Model for Offi-
cer Succession
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will have worked closely with
many different persons throughout
the previous four years and will
be able to evaluate potential of-
ficer material.

If your division is planning to
adopt an officer selection model
similar to one of the above mod-
els and by-laws changes are re-
gquired, please initiate this pro-
cess as soon as possible. Check
your division by-laws to deter-
mine the procedures required.
The goal would be to have all
changes in place by 1990.

Highlights of the Activities of the
Liaison Committees
by
_ Jim Leach
Director, Liaison Committees

There are six liaison commit-
tees available for EDGD member
activities:

Membership Activities Commit-
tee

Educational Relations Commit-
tee

Industrial Relations Commit-
tee
International Relations Com-
mittee

Freshman Programs Committee

Metrication Committee

A project for the recruitment
of new members to the EDGD from
community, technical, and junior
colleges 1is continuing. Re-
cruitment packets are sent prior
to the midyear conference and the
annual ASEE conference to engi-
neering department chairmen in
the proximity of the conference.
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This past October, 106 packets
were mailed to colleges in Illi-

nois, Indiana, Iowa, Kentucky,
Michigan, Missouri, Ohio, Penn-
sylvania, and Tennessee. The

packet contents were compiled and
sent by Director of Zones Billy
Wood preceding the midyear meet-
ing in New Harmony, Indiana.

Membership Activities Committee
- William VvanderWall, Chairman

The tradition of sending letters
of invitation for membership
along with the EDGD brochure, a
copy ©f the EDG Journal, and an
ASEE membership application form
continues. Thirty-nine percent
of the persons previously con-
tacted (16 of 41) are now Divi-
sion members. The success of
this recruitment program is due
largely to the efforts of Bill
VanderWall and to Division mem-
bers who submitted names of po-
tential members.

The ASEE membership promotional
DEAN'S PROGRAM has been continued
indefinitely. Spread the word
that the ASEE membership fee is
FREE (excluding Division dues)
for the first two years for new
members if they have been enm-
ployed for five years by a par-
ticipating institution. Appli-
cants need only complete the
standard wmembership form and
write DEAN'S PROGRAM in the top
right corner. Half of the fees
are paild by the institution and
half by ASEE.

Educational Relations Committee
- Rokert Matthews, Chairman

VOL. 53, NO. 2

Bob will be concentrating on es-
tablishing liaison with related
divisions within the ASEE as well
as with educational organizations
outside of ASEE having related
interests.

Industrial Relations Committee
- Gary Bertoline, Chairman

A project to establish on-going
relations with CAD/CADD software
vendors and textbook publishers
is underway. More about this
project will be presented at the
ASEE Annual Conference in Lin-
coln.

International Relations Committee
- Vera B. Anand, Chairman

The current schedule of interna-
tional conferences on computer
graphics and related topics of
interest is now published in the
EDG Journal, in addition to being
presented at EDGD meetings.

Freshman Programs Committee
- Hugh Keedy, Chairman
have oc-

No recent activities

curred.

Metrication Committee
« Edward V. Mochel, Chairman
have oc-

No recent activities

curred.
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MATHEMATICAL ELEMENTS FOR COMPUTER

GRAPHICS, 2/e David F. Rogers and j. Alan Adams,
both of the United States Naval Academy

This book introduces, in a unified manner, the mathematical theory
underlying computer graphics—since mathematical techniques are
inherent in most computer graphic applications.
MATHEMATICAL ELEMENTS FOR COMPUTER GRAPHICS, 2/e covers topics of
keen interest to students and practitioners in engineering and computer science:
transformations, projections, 2-D and 3-D curve definition schemes, and surface
definitions, as well as the newest techniques, such as B-splines, which are incorporated
as part of the software in advanced engineering workstations. It also features sample
programs (in the Appendix) and worked examples to help illustrate the theory and to

reinforce understanding.

The new Second Edition has been thoroughly updated to present the state-of-the-art
in computer graphics so that its full operational potential can be realized.
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Also from McGraw-Hill: ARS
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COMPUTER GRAPHICS, 2/e, 1987 A
Steven Harrington, Xerox Corporation =§-‘“¢_¥§E‘= S
PROCEDURAL ELEMENTS FOR COMPUTER GRAPHICS, 1985

David F. Rogers, United States Naval Academy

To order your examination copies, write:

McGraw-Hill Publishing Company
Callege Division

P.O. Box 444

| Hightstown, New Jersey 08520
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Book Review

by
Bob Chin

Architectural Graphic Standards (Student
Edition) by Robert T. Packard and
Stephen A. Klimet (editors), John
Wiley & Sons, New York, NY 1989,

In response to the special
needs of design students, John
Wiley & Sons has produced an
abridged edition of the archi-

tectfs "hible", the venerable
Architectural Graphic Standards . As the
cover of the student edition

notes, it 1is an abridgement of
the seventh edition rather than
the unabridged eighth. According
to Mr. Stephen A. Xlimet, one of
the editors, the seventh edition
was more appropriate for editing.
It should be noted also that the
eighth edition was not available
at the time research began for
production of the student edi-
tion.

It is apparent from the fin-
ished product that, to keep pro-
duction costs down, the editors
made a conscious decision to pare
down the seventh edition by dis-
carding selected topics and por-
tions of selected topics on a
page-by-page basis, rather than
editing on a line-by-line, para-
graph-by-paragraph, or illustra-
tion-by-illustration basis. This
they apparently felt would
achieve their goal of providing
rvital information, at a price
students could afford." Fortu-
nately for the editors, the orig-
inal text does not "wrap around"
from one page to another, nor is
the content of one page necessar-
ily dependent on the content of

adjacent pages. This made edit-
ing so much easier: topics and
selected pages retained and dis-
carded by simply cutting and
pasting page numbers. More im-
portantly, the finished product
does not exhibit the abrupt tran-
sitions which so often accompa-
nies abridgements.

Close examination of the stu-
dent edition reveals that the
choice of topics and pages to be
retained or discarded was a func-
tion of thorough research. Edit-
ing decisions were based on data
gathered over a one year period
through interviews and surveys of
three groups of users. Students,
faculty, and members of an advi-
sory board were invited to pro-
vide input and to make specific
recommendations. In keeping with
the publisher's goal to minimize
production costs and the cost to
students, no new or updated mate-
rials were added.

The 17-chapter, 499-page stu-
dent edition is organized along
the same lines as the l17-chapter,
785-page seventh edition. How-
ever, the appendices and index,
orginally a part of chapter sev-
enteen in the seventh edition,
stand alone in the abridged edi-
tion.

A chapter-by-chapter analysis
revealed the following changes.
The four original topics in chap-
ter one, General Planning and De-—

sign Data, were retained. Edit-
ing, however, took the first

chapter from 116 pages to 82
pages. In chapter two, Sitework,
the topics Site Drainage, Soil
Treatment, Site Utilies, Site
Furnishings, and Earth Work were
edited out. Furthermore, Site
Development, Paving and Surfac-
ing, 8ite Improvements, Play-
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ground Equipment, Landscaping,
and Walls and Fences were abbre-
viated, taking it from 64 pages
to 30. Chapter three, Concrete,
was left intact. Adcbe, Rammed
Earth, and Glass Block were
edited out of chapter four, Ma-
sonry. In addition, the topics
Unit Masonry and Fireplaces were
edited, reducing the chapter from
48 pages to 30.

In chapter five, Metals, the
topics Ornamental Metal, Fasten-
ers and Supports, and Metal Fin-
ishes were edited out, and Gen~
eral Information and Metal Fabri-
cation were abbreviated, taking
it from 38 to 15 pages. General
Information, Design Load Tables,
Plywood, and Takle of Wood
Species were edited out of chap-
ter six, Wood, and the topic Ar-
chitectural Woodwork was edited,
reducing it from 66 pages to 35.
In chapter seven, Thermal and
Moisture Protection, the topics
General Information and Composite
Building Panels were deleted,
shortening it from 53 pages to
44, Environmental Factors and
Security were omitted from chap-
ter eight, Doors and Windows, and
the topics Glazing, Hardware,
Metal Doors, Metal Windows, and
Special Doors were edited, taking
it from 60 to 40 pages. Except
for editing the topics Tile, Wood
Flooring, and Wall Covering, re-
ducing it from 28 to 23 pages,
the ninth chapter, Finishes, was
left intact.

In chapter ten, Specialties,
the topics Chalkboards and Tack-
boards, Fireplaces and Stoves,
and Wall and Corner Guards were
edited out. Furthermore, Com=-
partments and Cubicles, Parti-
tions, Storage Shelving, Louvers,
and Wardrobe Specialties were
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edited, taking it from 32 to 17
pages. Chapter eleven, Equip-
ment, went from 34 pages to 10
with the deletion of Bank Vault
Equipment, Dark Room Equipment,
Education Equipment, Food Service
Equipment, Laboratory Equipment,
Music Room Eguipment, and Waste
Handling Equipment, and with the
editing of Athletic Equipment and
Residential Equipment. None of
the topics were discarded from
chapter twelve, Furnishings. The
topics Building Accessories and
Furniture, however, were edited,
taking it from 24 to 20 pages.
Radiation Protection and Sound
and Vibration Control were
deleted from chapter thirteen,
Special Construction, and the
topic Special Purpose Rooms was
edited, reducing it from 22 to 18
pages. Chapter fourteen went
from 18 pages to 8 with the dele-
tion of Material-Handling Sys-
tems, Pneumatic Tube Systems, and
People Movers and the editing of
the topic on Elevators.

The topics Materials and Meth-
ods, Vibration Control, Insula-
tion, and Controls were deleted
from chapter fifteen, Mechanical.
In addition, Plumbing, Plumbing
Fixtures, Fire Protection, and
HVAC were abbreviated, taking
chapter fifteen from 58 pages to
27. Chapter sixteen, Electrical,
went from 36 to 27 pages as a re-
sult of Materials and Methods,
Service Distribution, Communica-
tions, and Special Systems being
edited. Chapter seventeen, Met-
ric (8I) Units in Design and Con-
struction, was left intact. The
appendices, orginally a part of
chapter seventeen, went from 30
to 25 pages with the deletion of
Data Sources and the editing of
Drafting Techniques. The index,
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of course, was reduced in size
accordingly.

The student edition was repro-
duced to the same very high stan-
dards as its unabridged counter-
part, and the graphics and text
retain the same high gualities
exhibited by its predecessors.
To keep costs down though, the
student edition was bound with a
soft rather than a hard cover.

The editors seemed to have
achieved their goals with the in-
troduction of an abridged edition
of Architectural Graphic Standards .
Furthermore, it is quite apparent
that they gave very careful
consideration te potential user's
needs during the editing process.
As a result, the publisher has
provided a ¢great service to
students seeking relief from the
ever-increasing financial burden

of funding an education. Forty-
nine dollars and  ninety-five
cents for a high gquality

reference 1is well within any
student's budget. The seventh
edition, which is no longer in
print, retailed for $130.00; the
eighth retails for $150.00.

The student edition contains
most, if not all, of the essen-
tial information design students
need. It is a high quality prod-
uct as it is not choppy like so
many edited works, and it is rea-
sonably priced. It will be wel-
comed and well received by both
faculty and students.

Calendar of Events

by
Josann Duane

1989 Annual ASEE Conference
June 25-29, 1989
Lincoln, NE

1989-90 EDGD Mid=year Conf.
November 5-7, 1989
Tuscaloosa, AL

1990 4th International Confer-
ence on Engineering Graphics and
Descriptive Geometry

June 11-15, 1990

Miami, FL

1990 Annual ASEE Conference
June 24-28, 1990
Toronte, Canada

1990-91 EDGD Mid-year Conf.
Tempe, AZ

1991 Annual ASEE Conference
New Orleans, LA

1991-92 EDGD Mid-year Conf.
Norfolk, VA (tentative)

1292 Annual ASEE Conference
Toledo, OH

1992 5th International Confer-
ence on Engineering Graphics and
Descriptive Geometry

August 17=-21, 1992

Melbourne, Australia

1992-93 EDGD Mid-year Conf.
San Francisco, CA (tentative)



by Ernest R. Weidhaas,
Pennsylvania State University

All are updated to include current develop-
ments related to computer-aided drafting
stations, interactive graphic programs, home
computer centers, microcomputer references,
postmodern architecture, earthquake protection,
radon control, low-E glass, fiberglass, membrane
roofing and construction documents.

All conform to the new standards - the American Softwood Lumber Standard PS 20-70,
and the structural steel designation revisions recommended by the American Institute
of Steel Construction. Specifications follow the CSI format. The new R-values are used
to designate insulation.

All feature excellent line illustrations, easy-to-read writing style, and an emphasis on
safety awareness and energy conservation.

NEW 1989f NEW 1989!

Architectural Reading Architectural Plans
Drafting and Design,  tor Residential and

Sixth Edition Commercial Consfruction,
Third Edition

All planreading exercises have been revised and the
NEW 1989! number of questions increased from 1450 to over1700.

Ai’ c h ii, e Ciu r GI Dr qﬁ.i n g Provides special chapters on fire protection, modular

coordination, architectural calculations, rigid frames,

ang Construction trusses, and the CSI format for architectural specifica-
’ tions. Special sections cover metric and dual dimension-
Fourth Edition ing, microform reproductions, laminated timber,

stressed-skin panels, space frames, automatic welding,

Includes topics often omitted from other precasting and pre-stressing tilt-ups and lift-slaps.

drafting texts — such as architectural
acoustics, durability of building materials,
and cable roof structures.

SIMON & SCHUSTER HIGHER EDUCATION PUBLISHING GROUP ==,

ALLYN & BACON -,

Dept. 894, 160 Gould Street, Needham Heights, MA 02194-2310
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Fourth International Conference on
Engineering/Computer Graphics and
Descriptive Geometry
by
Steve Slaby

Sponsored by ASEE's Engineering
Design Graphics Division and the
Florida International University,
Miami, Florida.

Date: June 11-15, 1%890.

Topics: Descriptive geometry,
theoretical graphics, computer
graphics, kinematic geometry and
other applications of geometry,
engineering computer graphics,
computer-aided design, computer-
ailded gecometric design, computer-
ized descriptive geometry, graph-
ics and computer graphics teach-
ing techniques, graphics exer-
cises and computers in engineer-
ing graphics education.

Deadlines: October 15, 1989
for 500-word abstracts. Full pa-
pers will be due March 15, 1990,

Contacts: Steve M. Slaby,
Civil Engineering & Operations
Research Department, Princeton

University, Princeton, NJ 08544,
(608) 452-4654 and/or Luis A.
Prieto-Portar, Department of
Civil & Environmental Engineer-
ing, Florida International Uni-
versity, University Park, Florida
33199, (305) 554-2824.
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International Computer Graphics
Calendar
by
Vera Anand

June 19 - 23, 1989

Graphics Interface '89 =~ 15th
Canadian conference devoted to
computer graphics and interactive
techniques

London, Ontario, Canada

June 27 - 30, 1989

Computer Graphics International
'89 - 7th conference of the Com-
puter Graphics Society

Leeds, United KXingdom

July 18 - 20, 1989

3rd International Conference on
Image Processing and its
Applications

Coventry, United Kingdom

July 23 - 26, 1989

UPCAEDM 189 - 7th Annual
Conference on University Programs
in CAE/CAD/CAM

Laramie, WY

July 31 - Aug 4, 1989
SIGGRAPH '89 - 16th Annual
Conference on Computer Graphics
and Interactive Techniques
Boston, MA

Sep 4 - 8, 1989
Eurographics 189
Hamburg, West Germany

Sep 12 - 15, 1989

Engineering Education '89% -
18th International Symposium on
Engineering Education

Munich, West Germany



SPRING, 1989

Sep 18 - 22, 1989
HCI International '89 - 3rd
International Conference on
Human-Computer Interaction
Boston, MA

Oct 23-27, 1989

Second International Conference
on Computer-Aided Drafting, De-
sign, and Manufacturing Technol-
ogy

Hangzhou, China

For further information, contact
Vera Anand, 302 Lowrey Hall,
Clemson Univ., Clemson, sc,
(803)-656=-5755,

Position Wanted

Structural engineering re-—
searcher, P.E., and engineering
computer graphics specialist

seeks compatable academic and/or
research position in the United
States. Main areas of expertise
are graphics, computer-aided de-
sign, structural analysis/engi-
neering, wind engineering and
bridge aerodynamics. Lengthy
professional, academic, and re-
search experience. Many publica-
tions. Possess doctor of engi-
neering degree in civil engineer-
ing. Write: c¢/o Editor, EDG
Journal, EF - VPI&SU, Blacksburg,
VA 24061-0218.
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OFFERING
YOU

1] 96 Pages of |
' | Drafting, CAD &;
| Technical Ed
Supplies &
Software

YOU ARE GUARANTEED. . .

# All catalog prices good till January 31, 1990.
+ All orders are shipped within 48 hours of receipt.

v All Products are Unconditionally Guaranteed and are
“In Stock” {except furniture) for immediate shipment
by fast, insured U.P.S.

+ A 30-Day Preview is available on all products we sell,

% We offer lotal support and ordering convenience
throuqh our Toll Free Customer Serv;ce Line.

HEARLIHY & CO.
714 W. Columbia Springfield, Chio 45501

Fast Personalized Service Since 1969

8 se-12-K

Editor's Comments

by
Barry Crittenden

The proposals (page 36), or de-
mands - I'm not quite certain
which they are - set forth by
ASEE Vice-President and PIC I
Chairman W. D. Turner have their
good points and those which are
gquestionable. The requirement to
review papers to be published in
the proceedings of the ASEE con-
ference is a good one for the So-
ciety. The models of progressive
positions assumed by division of-
ficers leave a bit to be desired.

Review of papers is always de-
sirable for either a first-class
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publication or conference. Cur
present organization of the EDG
Journal Review Board under the
direction of the Technical Editor
would allow, with little trouble
if begun sufficiently early, re-
view of all papers to be pre-
sented at the annual ASEE confer-
ence and at the EDGD midyear con-
ference, However, as editor of
the Journal, I would prefer that
papers accepted by the Review
Board for presentation at any
conference be published in the
EDG Journal, rather than in the
ASEE proceedings. ASEE would be
happy - their proceedings would
be thinner and 1less costly to
print - and the EDGD membership
might be happier - more papers
published in each issue of the
Journal.

The models for officer succes-
sion might be acceptable, 1f our
division didn't already have a
smoothly functioning system. The
five-year commitment proposed in
the models certainly offers the
continuity of leadership desired
by ASEE. But, what if a “loser"®
made his way into the five-year
pipeline? A totally incompetent
person could certainly be removed
from office, but the division

might be inclined to let
*sleeping dogs lie® if an only
slightly incompetent individual

assumed an initial leadership po-
sition. Which would be better,
or worse, the continuity of lead-
ership or the lack of leadership
for five vyears? My gosh, the
President of the United States is
elected for four years only!
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ENGINEERING GRAPHICS

The Pennsylvania State University

Faculty position, tenure-frack. Primary interest
in teaching undergraduate engineering graphics
and computer-aided drafting. Knowledgeable in
computer languages, CAD, and graphics soft-
ware. Significant interest in undergraduate
teaching and advising. M.S., required, Ph.D.
preferred. Instructional experience at
undergraduate level required, PE and/or
industrial experience highly desirable. Rank and
salary negotiable. Applications will be accepted
until a suitable candidate is identified. Send
resume to: Dr. Robert J. Foster, Department of
Engineering Graphics, The Pennsylvania Siate
University, 245 Hammond Building, Box A,
University Park, PA 16802. An affirmative
action, equal opportunity employer. Women and
minorities welcome to apply.

an LNVENTOR
is simplya fellow
who doesn't take

his e&uc;aﬁon voe
too sarwuslg,

Cf Kettering

CALL G RAFRY 3By T IBER
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Scope

This Journal is devoted to the advancement of engineering design graphics technology and education. The Journal publishes
qualified papers of interest to educators and practitioners of engineering graphics, computer graphics, and subjects related to
engineering design graphics in an effort to (1) encourage research, development, and refinement of theory and application of
engineering design graphics for understanding and practice, (2) encourage teachers of engineering design graphics to experiment with
and test appropriate teaching techniques and topics to further improve the quality and modernization of instruction and courses, and
(3) stimulate the preparation of articles and papers on topics of interest to the membership. Acceptance of submitted papers will
depend upon the results of a review process and upcn the judgement of the editors as to the importance of the papers to the

membership. Papers must be written in a style appropriate for archival purposes.
Submission of Papers and Articles

Submit complete papers, including an abstract of no more than 200 words, as well as figures, tables, stc. in quadruplicate (four
copies) with a covering letter to J. B. Crittenden, Editor, Engineering Design Graphics Journal, EF - VPI&SU, Blacksburg, VA
24061, All copy must be in English, typed double-spaced on one side of each page. Use standard 8 1/2 x 11 inch paper only, with
pages numbered consecutively. Clearly identify all figures, graphs, tables, etc. All figures, graphs, tables, etc. must be accompanied
by a caption. Illustrations will not be redrawn. Therefore, ensure that all line work is black and sharply drawn and that all text is
large enough to be legible if reduced to single or double column size. High quality photocopies of sharply drawn illustrations are
acceptable. The editorial staff may edit manuscripts for publication after return from the Board of Review. Galley proofs may not be
returned for author approval. Authors are therefore encouraged to seck editorial comments from their colleagues before submission of

papers.
Publication

The Engineering Degign Graphics Journal is published one volume per year, three numbers per volume, in winter, spring, and
autumn by the Engineering Design Graphics Division of the American Society for Engineering Education. The views and opinions
expressed by individual authors do not necessarily reflect the editorial policy of the Engineering Design Graphics Division. ASEE is
not responsible for statements made or opinions expressed in this publication.

Subscriptions
Yearly subscription rates are as follows: Single copy rates are ag follows:
ASEE member $3.00 U.5. member $1.50
Non-member $6.00 U.S. non-member $2.50
Canada, Mexico $10.00 Canada, Mexico  $3.50
Foreign $20.00 Foreign $7.00

Non-member fees are payable to the Engineering Design Graphics Journal at: The Engineering Design Graphics Journal, The Ohio
State University, 2070 Neil Avenue, Columbus, OH 43210. Back issues are available at single copy rates (prepaid) from the
Circulation Manager and are limited in genera! to numbers published within the past six years. The subscription expiration date
appears in the upper right corner of the mailing label as follows: (1) For an ASEE/EDGD member, the expiration date is the same
month/year as the ASEE membership expiration (for example, 6/88) (2) For all others, the expiration date is the date of the last
paid issue (for example, W86, for Winter 1986). Claims for missing issues must be submitted within a six-month period following the
month of publication: January for the Winter issue, April for the Spring issue, and November for the Fall issue.

Deadlines

The following deadlines apply for submission of articles, announcements, and advertising: Fall issue - August 15, Winter issue -

November 15, Spring issue - February 15.



Earle.

- Graphics for Engineers. Second Edition.

Revised to give you the best performance.

Graphics for
Engineers,
| Second Edi-.
fion, builds
upon a reputa-
ion for care
| and expertise in
_ ngineering
SN cducation.
Earle’s texts have already introduced
the concepts and techniques of
engineering graphics to over a half
million students.

The only AutoCAD-driven
text.

The comprehensive and up-to-date
coverage of computer methods in
Graphics for Engineers, Second
Edition is unequalled in any other
text. AutoCAD, the most widely
used compulter graphics package in
industry, is thoroughly covered. In
addition to an entire chapter dedi-
cated to AutoCAD and an overview
chapter on computer graphics,

specific computer graphics tech-
niques are carefully integrated
throughout the text.

Lets students test-drive
an engineering career.

Graphics for Engineers gives
students hands-on practice with the
types of challenges they might face
in an actual engineering career by
providing projects drawn from real-
life situations. Solutions may be
worked out by pencil or by com-
puter.

Put your ideas in motion
with Softvisuals.

Overhead transparencies
make class-room teaching
even more powerful, since
they help students visualize im- 4
portant concepts. Our SoftVisuals
disks let you produce up to 450
multicolored overhead transparen-
cies that correspond with many of
the illustrations in the text. (12182)

A
¥y

Additional texts by Earle
to keep students on track.
Engineering Design Graphics,
Fifth Edition.

Drafting Technology.

Geometry for Engineers.

Plus numerous problem books by
Earle are also available.

And new student edition
software from Addison-
Wesley.

The Student Edition of

AutoSketch —a powerful precision
drawing tool for students. This soft-
ware was developed by Autodesk,
Inc.— the makers of AutoCAD—
and is 100% upwardly compatible
with AutoCAD 2.5 and higher— and
is extremely easy to learn and use.
(5 1/4", 50570; 3 1/2", 50571)

Addison-Wesley Publishing Company

Reading, MA 01867

To order your course examination copy call (617)944-3700, ext. 2397

AutoCAD and AutoSketch are registered in the U.S. Patent and Trademark Office by Autodesk, Inc.






