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Productivity is Our Product

Dear CV User:

Welcome to ballas! We are gléd you could come to our Third Annual International
CV User Conference.

It is very gratitying to see our attendance grow year by year. Many of you are
returning for your second or third Conference.

A closely knit, actively involved CV user family is a very healthy sign indeed. The
company and its customers both have a lot to gain through a better understanding
of our common hopes and mutual concerns, as well as the state of the art in this
exciting technology of ours.

This is what the Conference is all about. You will have the chance to actively par-
ticipate at the workshops and have the opportunity for one-on-one discussions with
CV technical and managerial people.

If you attended our earlier Conferences, you know that each one is a unique and
rewarding experience. Every year at these Conferences, there are new CAD/CAM
colleagues you will want to exchange ideas with representing companies and
industry worldwide.

In addition to the planned receptions and group dinner at the Hilton, Dallas offers
a variety of pleasant activities.

We hope you enjoy this fine city and find our Conference most productive.

Cordially,

Martin Allen
President
Computervision Corporation

COMPUTERVISION CORPORATION
201 burlington road, route 62 ¢ bedford, massachusetts 01730 ¢ 617/275-1800 » telex 92-3345
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CONFERENCE AT A GLANCE

TUESDAY, SEPTEMBER 15th

7:30am-Authors’ and Facilitators’ Breakfast—Embassy East
8:30aMm

9:00am-Opening Session—Grand Ballroom

9:30aM
9:30aM-BREAK
9:45am
PAPER PRESENTATIONS
Mechanical Design & Drafting Printed Circuit Design Communications
Junior Ballroom Embassy Complex Ballroom Assembly
9:45am-Auto-Draft for Tool Design Microwave Printed An Overview of CVNet
Noon Jessie Harrison & Robert David Circuit Design Procedure Ken Johnson
General Dynamics Stuart Horwitz Westinghouse Electric
Interoptics Westinghouse CV HASP
Stanley Haskell Electro-Mechanical Al Killinger
Polaroid ‘ Packaging of Electronic Westinghouse Electric
Applications of Nodal Products CAD/CAM Data Management
Tabulated Drawings Dr. Itaru Aramaki in a Host-based Network
Bill Higgins & Chris Zimmer Sumitomo Electric Raphael McBain
General Electric Industries, Ltd. General Dynamics

The Shock-Absorber—An Example ~ Wire-Wrap Board Design Using
of Variant Design with VARPRO a Computervision CADDS 3 System CADDS 2/VLSI Programming

at Volkswagen Anthony Minniti
Egbert Elsholz Xerox Corporation Languégir(t:ourse
Volkswagenwerk, AG Introduction of a CAD System for

Printed Circuit Board Design

- Based on Computervision Systems
Hagen Rohrbacher and G. Martin
Standard Elektrik
Lorenz AG
CVLCAP—Computervision Logic
Circuit Analysis Program
Allen Brown
Computervision Centre

This course will cover language
definition and examples for VLSI
design usage.

Noon- LUNCH-—Grand Ballroom

1:00pm B
Mechanical Design & Drafting Electrical Diagrams Plant & Architectural
Junior Ballroom Embassy Complex Ballroom Assembly
1:00pm-Implementation of Forging Load CAD Generated Wirelists Automated Design/Analysis of
3:00pm and Stress Analysis on a Larry Shuhy Pressure Vessels Using the
Computervision CADDS 3 System Harris Corporation Computervision System
Taylan Altan, Ally Badawy, Carl Application of Data Extract to Ruth Hudale and Ramu Mysore
Billhardt Aerospace Vehicle Wiring Westinghouse Electric
Battelle Columbus Laboratories Robert Cook Piping Design System
Three Dimensional Data Analysis Vought Corporation Dave Wilkinson
Using Computervision CADDS 4 H.A. Simons International Ltd.
David Terrill Plant & Facilities Layout Using
Dresser Magcobar Interactive Computer Graphics
A Customized Procedure for Gary Kahler and Harvey Marx
Assembly Drawing & List of Parts Western Electric
John Painter Special Characteristics of Productivity
Computervision Centre Systems for Architects
Peter Selby

Computervision Centre

vii



3:00pM- BREAK
3:15pm

NC & Manufacturing Engineering

Ballroom Assembly

Integrated Circuits

Embassy Complex

Operations Management
Junior Ballroom

3:15pm-The Use of CAD/CAM in a Short
5:15pm Lead-time Prototype Application

Nick Morgan
Smiths Industries Limited

Computervision.

Use of the CV Flat Pattern Software
& Interface with Manufacturing

Collin McMullin
General Electric

Discussion of future developments
of Integrated Circuits from

Initial Graphics Exchange
Specification (IGES); A Perspective

Albert Gibbons

Westinghouse Electric

A Guide to CAD Facilities
Organization for the First Time User
Fred Sukow

General Electric

Productivity & Profitability with

CAD/CAM

Chuck Cummings
Babcock & Wilcox
CADDS 4 Rev 2—A User’s Review

Evaluation

William Beazley, Ph.D.

Brown & Root

Applications for CADDS in the
Design Process

Jorge Perez

Vought Corporation

6:30pm- DINNER—Grand Ballroom
8:30pMm

WEDNESDAY, SEPTEMBER 16th

Dimensioning & Drafting
Grand Ballroom

3D Design & Surfacing
Embassy & West

The Human Engineered
PC Design System
Court

Architecture
Gold

8:30aM- The two subjects that will be
10:15am covered are: CADDS 3 dimen-
sioning and detailing-problems,
solutions, work around; and
CADDS 4 Rev. 2 dimensioning
enhancements. Associative and
dual dimensions, centerlines,
angular dimensioning, and -
JIS/ISO standards will also be
discussed.

This session will begin with a
presentation on CADDS 4
Rev. 2 features related to 3D
Design and Surfacing. Each
User Group representative will
give an informal presentation
on 3D Design and Surfacing.

The development of hardware
and software for the PC
Design product with a major
focus on CADDS 4 will be the
major topic. Also covered is
the development and purpose
of PC Design aids: libraries,
training files and user guides.

We will consider the creation
of a user group, clarify goals
and organization of the
building design product in the
future, discuss problems and
enhancements to the existing
product and demonstrate new
product capabilities.

CADDS 2 Lab

This lab will be a supplement

‘to the CADDS 2/VLSI Pro-
‘gramming Language Course

that was on Tuesday.

viii



10:15amM-BREAK
10:30am

Graphic Languages
Embassy East

Tool Design & Fixturing
Embassy & West

Engineering Interface
to PC Design
Court

Mapping
Gold

10:30aM- This session will review present

Noon capabilities of PEP/PAREX/
: EXEC files for the benefit of
new participants. Also, an
overview VARPRO for
CADDS 3 and 4 will be pre-
sented outlining present and
future capabilities. There will
be an interactive discussion on
additional capabilities for
future development.

.

Tool Design/Fixturing Work-
shop will review various user
experiences in the tool, mold,
die and fixture design areas. A

tool library for mold bases and
various fixture components will

be presented by CV.

This workshop is intended to
introduce new capabilities
developed in the CADDS 4
product. Discussion will focus
on new features for schematic

generation and documentation.

Topics included are Autolay-
out, Auto-Annotation, and
automatic generation of sche-
matic element reference desig-
nators, and the CV approach
to logic simulation.

Discussion will focus on the
present product and enhance-
ments but also talk about the
future capabilities. We will
clarify the goals and organiza-
tion of the mapping product,
and consider the creation of a
user group.

CADDS 2 Lab

(continued)

Noon- LUNCH-—Grand Ballroom

1:00pm

Engineering Analysis
Embassy East

Interfacing CAD with CAM
Court

New Capabilities for
PC Designers
Embassy & West

Integrated Circuits
Gold

1:00pM- A short paper will be presented

3:00pm on the current capabilities of
the CV FEM package. The
latest FEM features will then
be described by Computervi-
sion. The remaining time will
be devoted to discussions on
further improving engineering
analysis applications.

This session will describe a
user’s version of a neutral
database implementation, the
role of GNA for interfacing
CAD with CAM, and Com-
putervision’s implementation
of the ANSI/IGES standard.

This session is a basic intro-
duction to the new CADDS 4
capabilities of AUTOPLACE-
MENT, AUTOROUTE,
Geometric Design Rules
Checking Editing commands
and Dynamics. Emphasis in
the workshop will be placed on
describing the benefits
available through these new
capabilities which include in-
creased system flexibility and
faster design turnaround time.

This session will cover the use
of the new CADDS/VLSI
features available in Revisions
2.01A and 2.02.

3:00pM-BREAK
3:15em

Mass Properties

Group Technology

Interface to PC

Integrated Circuits

Embassy East Court Manufacturing & Testers Gold
Embassy & West
3:15pMm- This session will review present A representative from the This workshop is planned to (continued)

5:15pm capabilities and CADDS 3 and

the new CADDS 4 capabilities.

Detailed interactive discussions
on additional capabilities for
future development will follow
the presentations. A paper will
also be presented on an
enhanced CADDS 3 Mass
Properties package developed
by a user.

Organization for Industrial
Research will give a presenta-
tion on specific computer
assisted process planning on a
CAD/CAM system. We will
also cover the computer ap-
proach to Group Technology.

give a review of the manufac-
turing tools supported in
CADDS 4. Those interfaces
discussed will include
NC/Drill, NC Insertion,
various types of plotters and
automatic test equipment.
Conclusion of the workshop
will be highlighted by a presen-
tation previewing PC product
direction.

6:30pm- “TEXAN”’ RECEPTION—Grand Ballroom

8:30pM

ix



THURSDAY, SEPTEMBER 17th

Dimensioning & Drafting Education Plant Design Documentation
Embassy & West Junior Ballroom Embassy East Ballroom Assembly

8:30aM- The two subjects that will be ~ Topics will include customer  Discussions will focus on 3D There will be a discussion of
10:15am covered are: CADDS 3 dimen- site versus educational center ~ plant modeling with emphasis the different types of user
sioning and detailing-problems, training; CADDS 4 training on plant equipment construc- documentation, how to use
solutions, work-around; and philosophy (2 weeks), specialty tion, pipe routing and fitting them, and their benefits.

CADDS 4 Rev. 2 dimensioning seminars, and in-house insertion. Time will be avail-
enhancements. Associative and customer training. able for general discussion of
dual dimensions, centerlines, customer concerns.

angular dimensioning, and
JIS/ISO standards will also be
discussed.

10:15aM-BREAK

10:30am
3D Design & Surfacing System Management Numerical Control Software
Embassy & West - Junior Ballroom Embassy East Ballroom Assembly
10:30AM-This session will begin with a  Archiving CADDS Parts and Members of the User Groups Programming methods will be
Noon  presentation on CADDS 4 Automatic Updating of On-Line  will be giving the following discussed in the environment
Rev. 2 features related to 3D Textfile Documentation presentations: Flat Pattern of CGOS 200/10 Rev. 2,
Design and Surfacing. Each Ronald Smith Routing and NC Progress, Graphics Network Architecture
User Group representative will M & M MARS Rockwell; Progress in Assem- and CADDS 4, Rev. 2. Topics
give an informal presentation An Alternate Accounting Package bly Tooling, Fairchild; Produc- that will be discussed are: -
on 3D Design and Surfacing.  Curt Strobel tive NC Effort and Standard  languages, program callable in-
Southern California Edison Cutter Library, General terfaces, soft architecture, code
System Utilization Tracking by Dynamics; and others. swapping, and data buffering.
Job Number .
Brent Graham &
Bob Rutherford
Boeing

Noon- LUNCH-—Grand Ballroom
12:45pm

12:45pm-CLOSING SESSION—Grand Ballroom
2:45pm

Robert Gothie — Sales & Services Together
Richard Hessdorfer — Future Direction
& Mat Peterson
Martin Allen — Closing Remarks
Robert Gothie — Adjourn
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A B C
Time Mechanical Design & Drafting Printed Circuit Design Communications
9:45 AM- CV: Steven Weiner CV: Tim Ristine CV: Paul Hamburger
Noon E: John Boertjens E: Tom Davis
MW: Gale Saxon MW: Jerry Hegg MW: Bill Fagen
W: John Martin W: Paul Van Ast
Allen Alley
Mechanical Design & Drafting Electrical Diagrams Plant & Architectural
1:00 PM- Continued CV: Mike Barry CV: Ernie Heimberg
3:00 PM E: Richard Skanron
MW: Gary Cox
W: Doug Conley
NC & Manufacturing Engineering Integrated Circuits Operations Management
3:15 PM- CV: Richard Simon CV: Gerry Shields CV: Ralph Parker
5:15 PM E: Warren Gengler Discussion of future E: Chester Markiewicz
MW: Gary Kahler . developments of Inte- MW: John Soose
W: Charles Smith grated Circuits from W: Robert Houk
Computervision.
Wednesday, September 16 Workshop Session
A B C
Time Dimensioning & Drafting 3D Design & Surfacing The Human Engineered PC
Design System
8:30 AM- CV: Bob Cronin CV: Ashok Bhide CV: John Felahi
10:15 AM E: John Boertjens E: Tom Davis
MW: Darcy Sety MW: Jeffrey Bytes
W: Richard Cunningham W: Allen Alley W: Paul Van Ast
Graphics Languages Tool Design & Fixturing Engineering Interface To
PC Design
10:30 AM- CV: Steven Woodbridge CV: Gary Hodgson CV: Anne Kiburis
Noon E: Ken Johnson
MW: Don Crockett MW: Elton Ables MW: David Ross
W: Allen Alley W: . Richard Sauerbrey W: Paul Van Ast
Engineering Analysis Interfacing CAD with CAM New Capabilities For
PC Designers
1:00 PM- CV: Steve Weiner CV: Ed Fournier CV: Elizabeth Barbone
3:00 PM E: John Boertjens E: Warren Gengler
MW: Don Crockett MW: Jeffrey Bytes
W: Gary Brandt W: Charles Smith W: Paul Van Ast
Tom Judd
Mass Properties Group Technology Interface To PC
Manufacturing and Testers
3:15 PM- CV: Steven Woodbridge CV: Dan Socha CV: Ed Kennedy
5:15 PM E: Tom Heinz
MW: Dave Schaller MW: John Tahaney MW: Jerry Hegg

Facilitators

W: Tom Judd W: Allen Alley

D

CADDS 2/VLSI Programming

Language Course

CV: Gary Robson

D
Architecture

CV: Richard Hessdorfer

CADDS 2 Lab

CV: Gary Robson

Mapping

CV: Richard Holekamp
E: Val Gannotti

W: Jack Loveland
CADDS 2 Lab

CV: Gary Robson

Integrated Circuites

CV: Mike Reed

Integrated Circuits
(continued)
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Thursday, September 17

Time

8:30 AM-
10:15 AM

10:30 AM-
Noon

12:45 PM-
2:45 PM

Xiv

A
Dimensioning & Drafting

CV: Bob Cronin

W: Richard Cunningham
3D Design & Surfacing

CV: Ashok Bhide
E: Paul Davis
MW: Robert Tennison

W: Allen Alley

Closing Session

Robert Gothie
Richard Hessdorfer
& Mat Peterson
Martin Allen
Robert Gothie

Workshop Session

B
Education

CV: Jack Rousseau
MW: Darcy Sety
W: Ron Dubois

System Management

CV: Ralph Parker
E: Chester B. Markiewicz

W: Robert Houk

Sales & Service—Together
Future Direction

Closing Remarks
Adjourn

CV:
MW:

CV:

C
Plant Design

Ernie Heimberg
Robert Weiss

Numerical Control

Don Lowke/
C. Gouldson
Warren Gengler
Gary Kahler
Charles Smith

D
Documentation

CV: Jesse Kafel

Software
CV: Norm Siegel



GENERAL INFORMATION

Registration & Information Center

Hours Sunday, September 13 7:00pPM-9:00PM
Monday, September 14 7:00AM-8:00PM
Tuesday, September 15 7:00AM-7:00PM
Wednesday, September 16 . 8:00AM-7:00PM
Thursday, September 17 8:00AM-3:00PM
- Messages

A message ‘boafd is located near the Registration & Information Center. Any calls, messages,
or last minute program changes will be posted.

Media Services/Publications/Training Booth

New products from Computervision’s Media Services and Publications Department will be
displayed on the Mezzanine Level. You can examine new training packages, look over the
most current publications, and take the literature on new training course offerings.

Hours: Tuesday, September 15th—Noon-5:30pm
Wednesday, September 16th—8:00aM-5:30PM
Thursday, September 17th—8:00AM-Noon

A representative from Computervision’s Customer Training Center will be available to discuss
training options and strategies on Wednesday afternoon.

Manager’s Information Suite
Computervision Managers will be available to meet with you during the conference.

Hours: Tuesday, September 15th—9:00AM-6:00PM
Wednesday, September 16th—9:00aM-6:00PM
Thursday, September 17th—9:00AM-3:00PM

Location will be posted on the message board.

Hotel Check-Out Time ;
Hilton Hotel check-out time is 1:00pPM. Your luggage can be stored with the Bell Captain on
the Lobby Level, or you can request a late check-out.

Trahsportation
Surtran Bus—S50 minutes one way/$6.00 (5 past hour & 25 to hour)
Taxi —30 minutes one way/$20.00

Badges

Attendees should wear their name badges at all times during the Conference.
WHITE BADGES—USERS
BLUE BADGES —COMPUTERVISION PERSONNEL

Meal Tickets

Coupons for all your Conference meals are included in the Conference program. Please pre-
sent the appropriate coupon to the convention personnel at the door.
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Function Location

Computervision Reception Grand Ballroom

Authors’ & Facilitators’ Breakfast Embassy East (by Invitation)

Luncheons Grand Ballroom

Coffee Service Mezzanine Level (Meal Ticket Not Required)
Dinner Grand Ballroom

““Texan’’ Reception Grand Ballroom

Asian & European Hospitality Check Message Board for location (by Invitation)

COMPUTERVISION USER GROUP OFFICERS

EAST MIDWEST WEST
Chairman
Joe Delvac John Tahaney Alex Rawling
Sperry Gyroscope Vought Corporation Boeing Company

Vice-Chairman

Paul Davis Charles Palermo Jack Stahl
Pratt & Whitney Aircraft General Dynamics General Dynamics
Secretary
- Tom Davis Richard Watson Ed Shaffer
ITT Telecommunications ADC Telecommunications McDonnell Douglas
Treasurer

Val Gannotti
Design Graphics Incorporated

CREDITS AND DISCLAIMERS
ON PUBLISHED PAPERS

Permission to publish these papers and proceedings in part or in full with credit
to the author and references may be obtained by contacting Computervision Cor-
poration, 100 Commerce Way, Woburn, MA 01801.

Computervision Corporation is not responsible for the statements or discussions
made relative to these papers published and presented at this conference.
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AUTO-DRAFT FOR
TOOL DESIGN

by
Jessie A. Harrison
and
Robert D. David
General Dynamics
Convair Division
Lindberg Field Plant
P.O. Box 80877—MZ/83-4150
San Diego, CA 92138
714-692-8320
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ABSTRACT

Auto-Draft, a system of software subroutines and text files, was developed by General
Dynamics/Convair Division for use on the Computervision CADDS 3 interactive graphics
system. Graphical representations of components, with non-graphic properties, are quickly
and accurately inserted into Tool Design computer-generated drawings. Bill of Materials
reports are automatically generated by Auto-Draft when it searches the drawing for these
properties.

1. BACKGROUND

Traditionally, when drafting a tool design on Computervision (CV), tooling components
are either drawn as needed or pre-drawn and stored as parts on a disk.

Drawing the component ‘‘from scratch’’ is both time consuming and possibly inaccurate.
The tool designer is required to know all of the dimensions and calculations needed to draw
the component entity-by-entity. For example, a strap clamp has eight dimensional values and
is graphically represented by eight lines and two arcs. See Figure la.

Pre-drawn components stored as parts on a disk can be retrieved and inserted many
times. When inserted into drawings, a component part can be scaled and/or rotated to best
represent its size and orientation. Modification is almost always needed making it necessary to
use more than one command. Furthermore, some component groups do not vary dimensional-
ly as a fixed ratio; thus, insertion with a scale factor will make only a portion of the compo-
nent dimensionally correct.

Rotation of the component in the X-Y plane abouts it origin results in different front and
side views as illustrated in Figure 1a. Each pre-drawn and stored part uses a minimum of
twelve sectors (3,072 words of disk storage space). A prohibitive amount of storage space
would be required to maintain all possible views of the components.
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Figure 1a: Strap clamp top and front views at various angles of rotation in the X-Y plane

Table I:
Pre-drawn part storage
# PARTS | # SECTORS # WORDS
I 12 3.072
100 1,200 307.200
400 4.800 1.228,800

It is readily apparent, then, that creating components from ‘scratch’’ greatly increases
total drafting time; on the other hand, hundreds of tooling components stored as top, front,
and side views would require a large amount of disk storage space. An entirely new approach,
Auto-Draft, was designed to better meet the needs of tool design.



2. AUTO-DRAFT

The Auto-Draft system was developed to draw tooling components (with associated non-
graphic properties attached to them) which can be used in generating Bill of Materials (BOM)
reports upon completion of the design task. A single graphics command will quickly draw ac-
curate tool components which require no further modification. The non-graphic properties
associated with the components are extracted from the database, tallied, merged, formatted,
and output to a text file when a single command, BOM, is invoked. This file is then inserted
into a standard BOM form and/or printed to an output device.

The newly developed Auto-Draft commands, executed in the CADDS3 system, are
“DRAW,”’ the graphics command and ‘“RUN BOM,”’ the bill of materials command.

1 GRAPHICS COMMAND — DRAW
1.1 Parameter File

In Auto-Draft, each component is described parametrically. Similarly shaped components
are grouped together under common component names (e.g., strap clamp, bolt, washer, etc.).
Each group of components is stored in separate text files; each component in a group has a
unique identification label, or tool-ID, consisting of two or three mnemonic letters followed
by a number.

Additions, deletions, or modifications to these files are easily accomplished through file-
editing outside of the Auto-Draft system. Figure 2.1a shows an example of a parameter file.
Figure 2.1b describes the format of parameter files. Each tool component has a pre-defined
origin and orientation, an example of which is shown in Figure 2.lc.

2.
2.

FILE NAME: TOOL.SCLMP
PARAMETERS ARE USED TO AUTO-DRAFT THREE TYPES OF CLAMPS:

I - 1J10226 STRAP CLAMP, TYPEI
2 - CARR-LANE STRAP CLAMP. TYPEI
3 ~ SLOTTED STRAP CLAMP, TYPE2

FURTHER DOCUMENTATION ON PAGES 4 & 34, AUTO-DRAFT MANUAL SECTION D.
++ |7 6 8 I

TODT A B C D E F THREAD H

SCI 1J10226~1 .50 .00 2.75 L4y 1,50 R ) .38
SC2 1J10226-2 .62 1.25 3.00 .76 1.64 .53 .625 .40
SC3 1Ji0226-3 .62 |.20 4.00 1.00 2.25 .53 .S .56
SC4+  1J10226-4 .62 1.20 5.00 1.00 2.25 .53 .5 .56
SC5  1J10226-5 .75 2.00 6.00 2.75 2.25 .53 .5 .62
SC6 1J10226-6 1.00 2.50 9.00 5.43 2.50 .66 .625 .75
SCT  1d10226-7 1.00 2.50 12.00 8.43 2.50 .66 .625 .75
S(8 C(LA-2505-5 .62 1.25 4.00 1.00 2.25 .53 .5 4y
SC9 C(LA-2505-10 .62 1.25 6.0 .50 2.25 .53 .5 L4y
+ 4+ |7 6 8 2

SCl0 5030 .62 .25 4w.00 1.00 2.25 .53 .28 .37
SCll 5062 .75 1.50 6.00 1.50 2.50 .66 .28 .50

Figure 2.1a: Parameter file for STRAP CLAMPS



FILE DESCRIPTION
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PARARETER FORRA'
STATENENT
(FLAGGED BY THE
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conponent
KDENTIFLCATION
PARARETERS

r
FILE NAME: TOOL.SCLMP
PARAMETERS ARE USED TO AUTO-DRAFT THREE TYPES OF CLAMPS:

I~ 1J10226 STRAP C(LAMP, TYPE!
2 - CARR—-LANE STRAP CLAMP, TYPEI
3 - SLOTTED STRAP CLAMP, TYPE2

'<<:00

3

\ FURTHER DOCUMENTATION ON PAGES 4 & 34, AUTO-DRAFT MANUAL SECTION D.

3
TOOL CONPONENT TYPE

UNBER OF PARANETERS
ARAMETER FIELD WIDTH

BENTIFICATION & COMMENT
{THE [DENTIFLCATION WUSY
ANYTHING AFTER THE SPAC

WIDTH
LIMITED BY
CONSIDERED

SPACE
CONMENT)

\

d TODT A B ¢ D £ F THREAD H
SCI 1J10226-1 .50 1.00 2.75 .44 1.50  .4i .3125 .38
SC2 1J10226-2 62 1.25 3.00 .76 .64 .53 .625 40
5C3 1J10226-3 62 1.20 %.00 1.00 2.25 .53 .5 56
SC4  1J10226-4 62 1.20 5.00 1.00 2.25 .53 .5 56
SC5  1410226-5 75 2.00 6.00 2.75 2.25 .53 .5 62
5C6 1J10226-6 100 2.50 9.00 5.43 2.50 .66 .625 75
SCT  1410226-7 100 2.50 12.00 8.43 2.50 .66 .625 75
SC8 CLA-2505-5 .62 1.25 4.00 1.00 2.25 .53 .5 44

(5€9 CLA-2505-10 62 1.25 6.0 1.50 2.25 .53 .5 Ty
++ 17 & 8 2

\_‘:i\\\‘~—-—ﬂ!ﬁﬂ%ﬁ%ﬁﬁh?ﬁﬁﬁﬁﬁ%aum

SCI0 5030 62 1.25 4.00 1.00 2.25 .53 .28 .37
5CI1 5062 75 1.50 6.00 1.50 2.50 .66 .28 .50

" Figure 2.1b: Parameter file format for STRAP CLAMPS
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Figure 2.1c: Parameter definitions for STRAP CLAMPS




Table II provides a comparison between the amount of space required for storage of
Auto-Draft component parameters and storage of pre-drawn components. Note that the
amount of space used for the Auto-Draft software is also included in the comparison.

Table II:
Sector size comparison between Auto-Draft components and Pre-drawn parts
Auto-Draft Graphics Pre—-drawn Parts
# COMPONENTS # COMPONENTS
DESCRIPTION |(No MODIFICATION |SECTORSE pescripTion |«NO MoDIFIcATION |SECTORS
NECESSARY) * NECESSARY)
AUTO-DRAFT [} 96 BOLT ROUND HEAD ] 12
SOFTWARE TOP VIEW
BOLT ROUND HEAD 1 12
PARAMETER FILES FRONT VIEW
BOLT HEX HEAD 1 12
BOLTS 17 20 TOP VIEW
ROUND & HEX HEAD BOLT HEX HEAD i 12
ALL VIEWS FRONT VIEW
CLAMP DR&TAP | 12
CLAMPS " Y TOP VIEW
DR & TAP CLAMP DR&TAP | 12
SLOTTED FRONT VIEW O°
ALL VIEWS
CLAMP DRATAP | 12
FRONT VIEW 90°
CLAMP SLOTTED lj 12
TOP VIEW
CLAMP SLOTTED | 12
FRONT VIEW 0°
CLAMP SLOTTED | 12
FRONT VIEW 90¢
TOTALS 128 120 TOTALS i0 120

2.1.2 Auto-Draft Graphics Software

The verb DRAW and its alternate spelling DRA are added to the CADDS 3 graphics
command tables (verb-noun tables). This verb is used to activate the Auto-Draft system. Once
the verb is added, no further updating of the tables is required regardless of any additions,
modifications, or deletions to the Auto-Draft system. The component group name, within
Auto-Draft, is used to simulate the ‘noun’ in the command syntax. The format of a standard
CADDS 3 command has been maintained as shown in Figure 2.1d.

H#DRA ’'NOUN’ TOOL-ID (MODIFIERS):DIG D DIG D DIG D...)
#

#INS PART PART-NAME (MODIFIERS):DIG D DIG D DIG D...)
#

Figure 2.1d: Comparison of Auto-Draft command syntax
to CADDS 3 command syntax



The structure of the Auto-Draft graphics software is comprised of both newly-developed
subroutines and CADDS 3 utility subroutines. The newly-developed software was written to
interpret the data input by the user and to calculate the graphic output, or entities, required
for a given component. The system utility subroutines are used as interfaces between the user
and Auto-Draft and between Auto-Draft and the graphics database. See Appendix B for a
description of the Auto-Draft and system subroutines used. Auto-Draft subroutines are writ-
ten in FORTRAN-S, an adaptation of standard FORTRAN*. FORTRAN-S was developed by
Computervision for the CADDS 3 graphics system.

The Auto-Draft subroutines fall into two categories: the input command interpreter and
the graphics output.

2.1.2.1 Auto-Draft Input Command Interpreter

This section processes the user input. It is divided into four subsections necessary for the
user to identify a specific component:

a. component name or ‘‘noun’’ (Auto-Draft ‘‘noun’’ processor);
b. component identification (tool-ID);

c. component orientation and/or view (modifier processor);

d. component-origin coordinate location (GETDATA).

Component names are stored in the Component Name Table. System subroutines are
used to return the table index corresponding to the user-input name. This index is then used
to identify the group parameter file and geometry subroutines that will calculate and insert the
resultant geometry into the graphics database. Inputting a question mark (?) instead of the
component name directs the system to list the table of available Auto-Draft components on
the command device. The user can input the name at this point and continue in the Auto-
Draft mode, or exit with a carriage return. Figure 2.1e describes a typical input sequence that
illustrates this feature.

HDRAW 7P
PLATE CLAMP BOLT NUT WASHER BUTTON
DPIN BSHING

Figure 2.1e: Component name listing to command device

NOTE: A carriage return or Control E entered at any point within the command sequence
will terminate the command.

Component identification, or tool-ID’s, are input after the appropriate component group
file has been opened up. The file is searched until a match is found; then the corresponding
parameters are loaded into a parameter array to be used by the geometry section of the soft-
ware. If no match is found, then the system informs the user of this fact and Auto-Draft is
exited. A question mark (?) input in place of the tool-ID serves the same purpose as described
above, except that the list would contain the tool-ID’s and parameters found in the active
group file. Auto-Draft then prompts the user for the desired tool-ID, as shown in Figure 2.1f.

*Standard FORTRAN, as described in American Standard FORTRAN, approved March 7, 1966, American Stan-
dards Association, Inc. Document x3-9-1966.
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#DRAW CLAMP?
TODT A B C D E F THREAD H

SCI 1410226~ .50 1.00 2.75  .4% 1.50 .4l .3125 .38
SC2  1J10226-2 62 1.25 3.00 .76 1.64 .53 .625 4o
SC3  1410226-3 .62 1.20 4.00 1.00 2.25 .53 .S 56
SCY  1J10226-4 62 1.20 5.00 1.00 2.25 .53 .5 .S6
SCS  1J10226-5 .75 2.00 6.00 2.75 2.25 .53 .5 62
SC6  1J10226-6 .00 2.50 9.00 5.43 2.50 .66 .625 .75
SCT  1010226-7 .00 2.S0 12.00 8.43 2.50 .66 .625 .75
SC8 CLA-2505-5 .62 1.25 4.00 1.00 2.25 .S3 .S g
SC9  CLA-2505-10 62 1.25 6.0 1.50 2.25 .53 .5 4y
SCI10 5030 .62 1.25 4.00 1.00 2.25 .53 .28 .37
SCII 5062 .75 1.50 6.00 1.50 2.50 .66 .28 .50
PLEASE INPUT TOOLID-

Figure 2.1f: Tool component listing to command device

The listing can be interrupted by using the escape key (ESC); various control characters
are then input (e.g., Q, N, K). Entering a Q will direct the system to jump to the end of the
file and output the user-prompt to the command device.

Component view and orientation modifiers are input after the desired component has
been identified with the tool-ID (see Figure 2.1g.)

<
o
-
o
o
(o)
-1
(&)

CARRIAGE RETURN

GETDATA

MODIFIERS

TOOL-ID (COMPONENT IDENTIFICATION)
'NOUN’ (COMPONENT GROUP NAME)
AUTO-DRAFT VERB

Figure 2.1g: Auto-Draft command syntax

A series of default values exist and will be used if no modifiers are input. Auto-Draft
allows for nine modifiers: view — TOP, FRONT, SIDE; orientation — ANG, PRP, VEC;
LAY; DEP; INV,

TOP — Draw the top view of the component (default)
FRONT — Draw the front view
SIDE —  Draw the side view

11
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#DRAW DPIN DP3:DIG Oy
FRONT:DIG D7
SIDE: ora D§
TOP INV ANG62:DIG Dy
FRONT:DIG ;
SIDE:DIG D)

DIAMOND PIN TOP. FRONT., AND SIDE VIEWS AT 0 DEGREES AND 62 DEGREES

Figure 2.1h: Example of Auto-Draft graphic command structure using the
ANG and View modifiers

ANG —  Draw the component such that its major axis froms the specified angle with the
positive X-axis, rotated in the X-Y plane about the component-origin (default is
0.0 degrees). This mode, ANG 0, is default when no view modifiers are input.

PRP —  Draw the component perpendicular to a selected entity (line or circle/arc). The
coordinate-locations of the origins are then digitized.

Dyt

0

+ -

WORAW CLAMP 5(1 PRP:ENT 0 DIG D, DFENT 0, DIG DGENT D, DIG DZENT D, DIG D, FNT 13 Dlu N 1, s
"

Figure 2.1i: Example of Auto-Draft graphic command ;irhctﬁre |
using the PRP modifier
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VEC —  Draw the component along the vector defined by two input locations or digitizes,
the first of which locates the origin of the component.

D+

[Ti1]

Dz E—o

B

#DRA CLAMP SC| VEC:DIG D, D
FRONT :DIG :
SIDE:DIG Dk Dy
TOP:DIG Dy by
FRONT:DIG Dy Dy:
SIDE:DIG Dy bz

Figure 2.1j: Example of Auto-Draft graphic command structure using the VEC and View
) . . modifiers

- LAY — Draw the component on the specified layer (default is current construction layer)
DEP —  Draw the component at the specified Z-depth (default is current construction
depth)
CINV — Draw the component in an inverted (up-side down) position (default is non-
: inverted)
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¥DRAW BOLT SSI LAY DEPI.25:DIG Dy
FRONT:DIG
SIDE:DIG Dy
TOP INV DEPI.7 LAYS:DIG D¢
FRONT:DIG Dy
SIDE:DIG D,

—
-

(_':

[4

THE ROUND HEAD BOLT SSI HAS BEEN DRAWN UPRIGHT ON LAYER 4 AT DEPTH 1.25
AND INVERTED ON LAYER 5 AT DEPTH |.7

Figure 2.1k: Example of Auto-Draft graphic command structure using the INV,
DEP, LAY and View modifiers

Not all modifiers apply to all components. For example, strap clamps are not drawn in-
verted; orientation modifiers are meaningless for nuts, bolts, and washers. A colon (;) ter-
minates the modifier section and initiates the component coordinate location, or GETDATA,
processor.

The user inputs the coordinate location information via the GETDATA processor. When
Auto-Draft is in the ANG mode the system prompt — DIG — is output to the command
device. Subsequent digitizes select the origin locatlons for the active tool component. In the
VEC mode two digitizes per component are required after the DIG prompt. The component is
drawn such that its major axis is placed along the vector described by the two digitized points.
In the PRP mode the system prompt — ENT — prompts the user to select the line, circle, or
arc that he wants the component to be perpendicular to. Upon selection, the system prompts
with DIG, after which the user digitizes the origin(s) of the component(s) to be drawn. A
semicolon (;) entered in the PRP GETDATA mode will return to the ENT prompt. A colon
returns the user to the modifier processor with all previously specified modlfler states (chosen
and default) still in effect.

2.1.2.2 Auto-Draft Graphics Output
This section outputs the entities that comprise the graphics representation of the compo-
nent to the graphics database. It is divided into two subsections:

a. geometric graphics description;
b. non-graphic-related data.

Geometric graphics description subroutines are of two types: general geometric shapes
and component-specific geometry. Auto-Draft is designed to build geometry by first defining
basic entities (lines, circles, etc.), and then combining these to make simple shapes (rectangles,
hexagons, etc.). These shapes are then combined into figures that represent parts of the com-
ponent. Figure 2.11 shows the combination of three arcs, three lines, and a rectangle (open-
topped) into a hex-head figure.
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BASIC ENTITIES SIMPLE SHAPES————— & TOOL COMPONENT

FIGURES
CN e NN

- L I

LINES
These figures are further combined with other figures to form the tooling component.

‘ ; LINES l : :
Each component requires one or two subroutines to define which combination of figures,

Figure 2.11: Side view of the hex head figure
shapes, -and/or entities should be used to represent front, side, or top views of the compo-
nent. This is illustrated in Figure 2.1m.
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COPEN TOP)
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Figure 2.1m: Tool component geometry construction

Non-graphic-related data is associated with each component. The entities comprising a
component are related to each other via a CV device called a ‘‘group.’”’ This allows the user
and certain CADDS 3 utilities to treat the component as if it were a single entity. Movement
or erasure of the component, for example, can be effected by selecting it as a group with a
single digitize.



Each component has its identification (tool-ID) stored with it in the form of a ‘‘tag.”’
The tag is text (six characters or less) that can be temporarily displayed via the CADDS com-
mand — DIS TAG.

Each component also has four ‘‘properties’’ associated with it. These are: component
name; component identification (tool-ID); angle of orientation; and a flag indicating whether
the component is inverted or not. These properties are stored on a ‘‘node,”” a CADDS 3 enti-
ty, included in the database for each component. These properties can be listed to the com-
mand device with the use of the CADDS command — LST PROP. The component identifica-
tion is used by the BOM portion of Auto-Draft. The others are used in another application
currently under development at General Dynamics.

Once all graphic and non-graphlc data has been inserted into the database, the graphic
representation of the component is inserted into the display, or REGEN, file for output to the
display device.

2.2 Automatic Bill of Materials (BOM) Command

The command used to invoke the Bill of Materials feature of Auto-Draft is — RUN
BOM. The verb RUN is a utility command provided by the CADDS 3 graphics system; there-
fore, no modification to the system’s command (verb-noun) tables is required.

The top view of each component drawn with the Auto-Draft system contains a node with
the tool-ID attached to it. Auto-Draft searches the drawing database for these nodes. When
found, the tool-ID is extracted from the node and entered into a table that contains a count
of each component’s occurrence in the drawing. Upon completing the database search and
building the tool-ID/count table, the user is prompted to input the file name that the BOM
data will be written into. He is also prompted for the part number, tool symbol, tool number,
number of setups, and T/D change (revision status). Auto-Draft then formats a header which
is output to the BOM data file and the command device.

Attributes and material information for all components in the system are contained in
another file which is then searched for a match of tool-ID’s. If a match is found, then the in-
formation is copied to the BOM data file, along with the component count, and output to the
command device. If no match is found, then the tool-ID, component count, and a message
stating that no information was found for the component is output to the BOM data file and
the command device.

The Auto-Draft system tracks the building of the BOM data file so that when thirteen
components have been written to the file (enough to fill a page) a new header is output. The
new header contains all of the same data previously entered by the user and, additionally, an
automatic count of the pages. This count is entered into the ‘SHEET ___ OF __’ section
of the header.

If no Auto-Draft components were used in the drawing, then a message is output to the
command device informing the user of this fact. The RUN BOM command is then exited.

The BOM form used in Convair’s Tool Design department is stored as a CADDS 3 part.
While in CADDS, an execute file* is used to insert the form and the data in the BOM data
file into the drawing (on a layer reserved for this use). Figure 2.2a is an example of the BOM
format.

*Execute files are a series of commands, and answers to prompts that may be invoked with the use of the com-
mand — EXECUTE.
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CONYAIR DIVISION PART NUMBER TDTEST SET-UPS

BIL%ogE géggngLs TOOL SYMBOL -fgfi_-,-___ TOOL 15 USED
TOOL NUMBER | FOR = |
DATE - 3~1i8-81 TIME - 10:48:24 SHEET | OF T/D CHANGE B
DET ITEM QTY DESCRIPTION - _:;?EE;;L 20NE REMARKS

| |BASE PLATE I X IS5 X 15 2024-T4 Al

4 | CLAMP 1JiD226~-] .SX1X2.75 7075-T651 AL

7 | WASHER 3/8 STD STEEL WASHER

4 {SOCKT HD STRPR BOLT | 3/8-24X2 STL STRPR BLT

4 | SOCKT HbD CAP SCREW | 3/8-2uX!.5 STEEL

3 | DOWEL PIN .25 DIA X 1.0 HRD STEEY

4 | HEX NUT 3/8-16 THD STD STL NUT

| |DIAMOND PIN 1050-50 STEEL DMND PIN

Figure 2.2a: Auto-Draft Bill of Materials

3. SUMMARY

The Auto-Draft system is used to quickly and accurately draw tooling components, such
as diamond pins, clamps, and base plates, in tool design drawings produced on Computer-
vision. All figures of components contained in this paper were drawn using Auto-Draft. The
Bill of Materials report (Figure 2.2a) was generated from a ‘‘tool design’’ that included Auto-
- Draft components..

Modifications to existing component parameter files are easily effected outside of Auto-
- Draft. Changes are made while in the CV operating system, using the text editor.

New component groups may be added to Auto-Draft. This requires inserting the new
name into the Component Name Table and adding the appropriate geometry-construction
subroutines to the Auto-Draft software.

The command DRAW, which invokes the graphics portion of Auto-Draft, requires a
- one-time modification made to the standard CADDS 3 verb-noun tables. This is so regardless
of any future modifications to or additions of components.

The Auto-Draft command interpreter was designed as a general purpose device. This will
allow the application of Auto-Draft to ANY design task that uses a library of standard com-
ponents. Different Component Name Tables and their corresponding geometric graphics
description subroutines are loaded independent of the Auto-Draft interpreter.

Likewise, data contained in component attribute-and material-information files are easily
built to reflect new applications. Multiple forms, for each application, can be stored on disk;
easily created or updated as a CADDS 3 part.
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Appendix A

Auto-Draft System
Flowcharts

GENERAL DYNAMICS/CONVAIR DIVISION
TOOL COMPONENT AUTO-DRAFT SYSTEM
DEVELOPED FOR IMPLEMENTATION ON COMPUTERVISION

START
(FROM CADDS)

A 4

INPUT COMMAND (VERB)
"DRAW
/IDRA!I

|
A 4

TCLINK"” 7O CORELCAD 9010
TOOL CCMPONENT AUTO-DRAFT
EXECUTIVE SUBROUTINE

|
|
v

RETURN
(TO CADDS)
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EXECUTIVE SUBROUTINE OF CORELOAD 9010

SUBROUTINE ""MAINSOIO”

START

SUBROUTINE “NAMEMOD”
PSEUDO “NOUN’ MODIFIER PROCESSOR
SET INOUN

DIAMOND PIN
BUSHING

@ ~ O NEwhy—

I eenft B HUNBHN

SUBROUTINE “NAMEIN"

TOOL COMPONENT ID INPUT & PARAMETER
RETRIEVAL SECTION

INOGUN = | READ FILE TOOL.BASEPL
=2 TOOL . SCLHP
=3 T00L.BOLT
= 4 TOOL " HEXNUT
=5 TOOL . WASHER
=6 TOOL .LOCBUT
=7 TOOL .DMNPIN
=8 TOOL .BSHING

,1e INPUT

SUBROUTINE “TOOLMQD”
MODIFIER PROCESSOR

MODIFIERS:
VIEWS - TOP (DEFAULT)
FRONT
SIDE
ORIENTATION - egg (DEFAULT=0 DEGREES)
PRP
DEPTH - DEP (DEFAULT=CURRENT DEPTH)
LAYER - LAY (DEFAULT=CURRENT LAYER)
INVERTED = 1INV (DEFAULT=0 NOT INVERTED)

I

SUBROUTINE “GETDATA”
GETDATA PROCESSOR AND GEOMETRY CONSTRUCTION

RETURN TO MOD~
IFTER PROCESSOR

CLINKS TO CORELOADS 9011 FOR “NOUNS” 2-é
9012 FOR “NOUNS'" T-

EYIT FLAG

EXIT FLAGI
SET

END




SUBROUTINE ""NAMEMOD”
PSEUDO “"NOUN" MODIFIER PROCESSOR

ENTER

INPUT PSEUDO ""NOUN” MODIFIERS

CALLS SYSTEM SUBROUTINES:
#STOUT"
#STHIN"

PSEUDO "NOUN” TYPE RETURNED FROM
SYSTEM SUBROUTINES

SET INOUN

DIAMOND PIN
BUSHING

R nn
0~ FNFWIN—

TERMINATING CHARACTER RETURNED FROM
SYSTEM SUBROUTINES

SET EXIT FLAG IF:
CHARACTER 1S ”SPECIAL CHARACTER*
CHARACTER IS ”1E” (CONTROL E)
CHARACTER IS ”CR” (CARRIAGE RETURN)
CHARACTER IS #:” (COLON) .
CHARACTER IS ”7TwWO RUBOUTS”

RETURN
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SUBROUTINE "“NAMEIN"
TOOL COMPONENT ID INPUT AND RETRIEVAL SECTION

ENTER

| SET EXIT FLAG=0]

SUBROUTINE "IDINPUT”
INPUT TOOL-1D

SET EXIT FLAG IF: EXIT FLAG
FIRST CHARACTER 1S #:” (COLON) =
ANY CHARACTER IS ”TE” (CONTROL E) :

INOUN # | (NOT A PLATE) AND ”“CR”
(CARRIAGE RETURN)

SUBROUTINE "“PRINTID“

LIST AVAILABLE COMPONENTS
AND THEIR PARAMETER FILES
TO THE TERMINAL

SUBRCUTINE “FINDID”
FIND PARAMETERS FOR INPUT TOOL-ID

ARRAY ”PIN“” FILLED WITH TOOL COMPONENT
DESCRIPTOR PARAMETERS.

SET EXIT FLAG IF:
TOOL-ID NOT FOUND IN COMPONENT
PARANETER FILE.

RETURN
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SUBROUTINE ”TOOLMOD”
MODIFIER PROCESSOR FOR VIEW AND ORIENTATION

<j ENTER :>
v

[ SET EXIT FLAG=0 |

FIRST NO (INDX=2)
CALL

YES

SET DEFAULT MODIFIER VALUES

SET DEFAULT VALUES TO:
VIEW - TOP
ORIENTATION - ANGLE=0.0 DEGREES
DEPTH - CURRENT CONSTRUCTION DEPTH
LAYER - CURRENT CONSTRUCTION LAYER
INVERT = OFF (INV=0)

-

:

INPUT MODIFIERS

CALLS SYSTEM SUBROUTINES:
"STOUT"
#STHINY

:

TERMINATING CHARACTER RETURNED FROM
SYSTEM SUBROUTINES

EXIT FLAG

SET EXIT FLAG IF: SET
CHARACTER IS ”“SPECIAL CHARACTER¥
CHARACTER IS ”TE” (CONTROL E)
CHARACTER IS “CR¥ (CARRIAGE RETURN)

2 RUBOUTS

<: RETURN :)
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SUBROUTINE "GETDATA”
GETDATA PROCESSOR AND GEOMETRY CONSTRUCTION

<>

;

| SET INDX=0 |

PRP NO

YES

GETDATA “ENT” MODE

DIGITIZABLE ENTITIES ARE
LINES AND CIRCLES/ARCS

CALLS SYSTEM SUBROUTINES: .
MECRI02" -
HECRIO3 . g

YES

waen II;II IITEI/ HCRII

GETDATA “DIG" MODE

| DIGITIZE FOR ANG AND PRP MODIFIERS
2 DIGITIZES FOR VEC MODIFIER

CALLS SYSTEM SUBROUTINES:
"ECRIQAY
"ECR10B”

SET INDX=2

" M "won H 4 IIT E " C R " RMEOTDUIRFNI ETRO

PROCESSOR

“CLINK” TO GEOMETRY CONSTRUCTION CORELOADS
CORELOADS “CLINKED” TOQ: f
9011 FOR "NOUNS" 2-6
9012 FOR “’NOUNS" 7-
RETURN




Appendix B

Auto-Draft System
Subroutines

T30L.&BCD.LOCRL
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OCao0OoO0O00000COO0CO0O000
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RUTO-DRAFT ROUTINES

ARC - INZERT AN ARC INTO THE DATABRSE COM FILE

BRZEPLT — COMNSTRUCT RLL YIEWS OF THE BRIE PLATE

BLTTHRD — COMSTRUCT THE ZLEEYE AND THRERD FIGURE FOR BOLTE
BOLTFRSD — COMSTRUCT A BOLT FRONT OR ZIDE YIEW

BOLTTOP - COMSTRUCT & BOLT TORP YIEW

BPIETUP — PREPARE THE PART FOR THE INSERTIOMN JF A BRSEPLRTE
BUIHIMSL — CONSTRUCT ALL YIEWS OF & BULLET NOZE DOWEL % BUSHING
BUZHINGZ — COMNSTRUCT ALL YIEWS IJF A LOCATOR BUIHIMG

CIRCLE — INSERT B CIRCLE INTO THE DRTRBRIE COM FILE

CLINE — INZERT CENTER LINEZ INTO THE DRTRBR:ZE COM FILE
CLMPFRED — COMSTRUCT R/ CLAMP FRONT JF ZIDE YIEW

CLMPTOP — COMNSTRUCT & CLAMP TOP YIEW

CROSSLM — IMNSERT CROZSED LINEZ INTO THE DRTABRIE COM FILE
PPINBTM — CONSTRUCT 7/ DIAMOND PIN FROMT % TIDE YIEW LOWER SART
DPINFRID - COMSTRLCT B DIRMOMND PIM FROMT OR ZIDE VYIEW

DPINPTS - CRLCULATE THE POIMTS RECCEZZRY FOR FRONT & ZIDE YIEWS

-+ DPINTOP — CONSTRUCT /A DIAMOND PIMN TOP YIEW
ZLLIP — INSERT RLL OR PART OF AN ELLIPIE INTO THE DRTABRIE

FINDID — ZERRCH THE PRRARMETER FILE FOR THE INPUT TOOL-ID
FMDARC — FIND THE RRC DEZCRIBED BY At ISOSCELES TRIAMSLE
SETDATA — RETRIEYE INPUT COORDIMARTES AND CLIMK TO CONSTRUCT T3
HEY. — INSERT A HEXRGOMN INTO THE DRTARABASE COM FILE

HEXHD — COMSTRUCT THE FROMT-SIDE YIEW OF B HEX HERD FIGURE
HEMIT — COMSTRUCT ALL YIEWS JF B HEX HERD NUT

IDINPUT — CONTROLL THE USER INPUT TOOL-ID

INLINE — INSERT & LINE INTO THE DRTRBRZE COM FILE

INPROP — INSERT PROPERTIES OM THE TMODE & IMNSERT IT INTO THE DB
LOCBTN — COMNSTRUCT AL YIEWE OF A LOCATOR BUTTOM

MRINSOI0 — MRIN PROGRAM OF CORELOARD 4010

MRIMS011 — MRIN PROGRAM OF CORELOARD 301t

MRINGOI2 — MRIN PROGRAM OF CORELORD 32

MULTLNY — INSERT ONE TO FOUR LINEEZ INTO THE DRTABAZE COM FILE
HAMEIN — RETRIEYE TOOL COMPOMENT IDENTIFICATIOM

NAMEMOD — NRME OR “NOUMN” mMODIFIER PROCESSOR

OFFSET — CONSTRUCT THE “OFFIET” FIGURE

PRINTID — LIET THE COMPOMENT PRRAMETERE TO THE COM DEYICE
RECTNGL — IMSERT A RECTAMSLE INTO THE DATABASE COM FILE
RMNDHD — CONSTRUCT THE FROMNT-ZIDE YIEW OF A ROUND HERD FIGURE
TR56RP — TRGy SROUP AND INZERT COMPOMEMT INTO DRTABRARIE
TOOLMOD — YIEW AND-OR ORIENTATION MODIFIER PROCESZOR
WEHER — COMSTRUCT ALL YIEWES OF B WREHER
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SYESTEM ROUTINES

ABS - JBIZILUTE YALUE
A0S — CALCULRTE THE SRCCOSINE DF A RMNGLE
ATAN — CARLCULATE THE RRCTAMGEMT OF AN AMNGELE
ADLIZT — ADD 9~LI T OF ENTITIEEZ TO THE SENERARTION IYITEM
A2 - mODIFY ™I DEZCRIPTIR WORDS
AUNI — UNPRCK MRITER INDEX ZNTRY
BREAK — ZEE IF AN INTERRUPT HEY HAI BEEMN HIT:
PRISE= AND-OR PRIZ CONTROL TO THE CORPECT ROUTINE
BRKZIET - DECIGMARTE THE CORRECT ROUTINE
CLIMK (55% — REGEN RE-NIRPMSHIZRTION JORELORD
CLIMK (2010x — RETURN TO TOOL COMPONENT RITO-DRSFT INTERPERTER
CLINK «3011x — TOOL COMPONENT AUTO-DRAFT SEOMETRY CORELIORD @t
SLIMNK 03012 - TOOL COMPONEMT AUTO-DRAFT FEOMETRY CORELORD =2
COZ — CALCULRARTE THE COTINE OF AN ANGLE
DBTFRE - FREE TR:IM DRTRBRIE ZCRATCH ZPRCE
DBTRD - RERD-WRITE DRTH TO-FROM THE TASK DATH BRSE
DM127 — MODIFY THE EXTEMTS IN THE PDF
DS — JPEN A PDF RECUORD FOR CRERTE
DiwS$ — CLOSE A CRERTED PDF RECORD % ACCERT THE ENTITY IM THE DB
D¥SST — STORE N ARRAY AX A ZUBRECORD JURIMNG & CRERTE ::QHCHFE
DHI22R- — IMZERT & SERL PROPERTY ON THE 7HODE
DW1I22T — INTERT R'TENT PROPERTY OM THE THODE
D203 — CRERTEZ R LIN INM THE DATRABRIE
DWans — CRERTES AM ARCACIRCLE IN THE DRTABRZIE
ECRIDA — APPLICATION INTERFACE ROUITHNE FOR CALLIMS SETIATS.
CRULLS GETIORTH BOTH 7O INITIARLIZE % RETRIEYE DRTH
SCRIDB - RETURMN TO APPLICRTION CODE JISK LOCRTIONM OF
RERUEITED DIRTR
SCR102 — RETRIEVYE DRTAR INMPUT FROM SETDATH
ECR1IN3 — APPLICRTION INTERFRLCE ROUITHE FOR CSLLING SETIATR.
CALLS GETDARTA BOTH TO INITIARLIZE % RETRIEVE DATA
ECR105 — CLERR GETDRTHR FOR MEW COMMAND
SETCLE — CLOZE & FILE
SETFIL - JREM R FILE
SETLIN - REARD IN A LINE FROM R FILE
SETIKR — SKIP LINES IN & FILE
SRR1I3Z — TURMN OM RTTENTIOMN BIT
MINIP - SENERATE B PERPEMDICULAR FROM A POINT TO A LINE
MJG2P — SENERRTE A PERPEMDICULAR FROM & POINT TO & CIRCLE.
MOTE...THE CLOTEST PERPEMDICULRR RPOINT IZ RETURMED.
MYROT — ZET THE EXTENTI IN THE PDF
ZIN - CALCULRTE THE ZINE OF BN RHGLE
TAN — CALAULATE THE TRMGENT JF S ANGLE
TREENT — TAR> ZRECIFIED ENTITY WITH SIIX(ns ZHARARLTERS
TYRPE — QUTRUT A MEISRSE TO THE TERMINBRL WITH & CARRIAGE RETURN
AND & LINE FEED
TYPOUT - OUTPUT A MESIAGE TO THE TERMINAL WITHOUT A CRARRIRGE
RETURM OR A LINE FEED



Appendix C

Parameter Files
for
Existing Components

~ D
FILE NAME: TUUL.BASEPL

R PAKAMETERS ARE USED Tu AUTU=DKAFT STAWNDAKD BASE=PLAIES, N
7 THE FUOCTOWING STAVUARTIZED BASE=-PLATE STZE S MAY dt CHUOSEN oV \“
2 ENTERLNG IHE NUMBEK ASSUCIATED wliHn THE weESIkED Slk, g
3 IHE TuP PLAKNE UF [HE BASE=PLATE IS CUNSIuEren 1O LIE LN Tnk ;
W T X=Y CPLANE AV AT Z=DEPTHTUFTOL. 0. THE ORI IN UF ITE BRSE TS CO= """ = "7 - - I Y
5 CATED AT THE LOaki, LEFT=HAND CUKNER, CUKKESPUNDIMG TU XO0Y0L0,. v
6 FUKTHER DUCUMENTAYLON UN PAGE y AUTU=DRAFT MANUAL SELTIUN . M
2 D 575 3T - . . e
B STANDAKD BASE-PLATES; CULUMN 1 IS USEDL AS Ik lb# FUr IdE PLATE. o
. SMALL RANGE ‘ iy
o T BRI TS T0TTSC0TTL0 o Trrmmm T T T h
1 HPe 10,0 9,0 1.0 1
v BP3 7.5 7.5 1.0 "
I — TTBPETTI0,0TT 7S TTNT . (P
14 BPS 15,0 7.5 1.0 18
" BP6 10,0 10,0 1.0 a
ol BPT 12,5 T0,071,0 o1
1 P8 15,0 10,0 1.0 22
" #BF9 20,0 10,0 1,0 s
wf T IBR 0TRSO0 T T -
20| BP11 15,0 12.5 1.0 o6
iy BP12 17.9 12.5 1.0 o
e BPT3 20,07 12,5 1.0 20)]
) BP14 ¢5,0 12,5 1.0 30)
P x5 5 s 2 B
Wt T T MED TUNM T RANGE T 34
26| BF1S 15,0 15,0 2,0 54
) bF16 17,5 15.0 2.0 o
T TR T U U TS 020 4/
W BP18 22.5 15.0 2.0
3g BP19 25,0 15,0 2.0 o
B Rt T Lt N e S & B "
32} BF21 20,0 17,5 2,0 oo
KE BP22 22.95 17.5 2.0 4'“:
B Ga——] -5 RS- I W A R} m
3t BP24 27,5 17,5 2.0 46
. BP25 30,0 17.5 2.0 M
57 Sanen—— 1 -] oY T-Jrn- Han I S Rt 40
38} BP27 35,0 17.9 2.0 50
ol BP28 20,0 20,0 2,0 o
i~ PR Y22 TS R U U RS .
a BP3u ¢9,0 2u.0 2.0 1
" P31 27,5 20,0 ¢.0 o0
& o)

~

HP3e¢ 30,0 20,0 2.V

ol HBP335 $%,U0 2U.U 2.0 ].(
I L 1 i A Ura v e vy ea ) N\
2 BP3S 29,0 25,u 2.0 2
N BP36 30,0 5.0 2.0 "
AT BE ST 3500°29,0 2.0 - e e s EEl
5 bBP38 40,0 29,0 2.u G
. dPSY A5, 25.0 2.0 .
Ao e aran s Se 029 02 e e e e e - N
a *r Yy 5 3 5 I
N LARGE RANGE "
W TR AL 30503050 250 e o e Iy
" dP42 35,0 30,0 2,0 1
1 Br4s 40,0 30,0 2.0 1)
| B ad 45,0 3usu—2uu e .
™ BP4S S0,.0 30,0 2.0 1
» BPUG 95,0 30.0 2.0 i
W BP4T 60,0 U023y R
' BPAG 40,0 40,0 2.0 20
he BP49 S0,0 40,0 2.0 23
o T TP E0 60,0 a0 G020 - B
o BPS1 70,0 40,0 2,0 26
) BPS2 60,0 40,0 2,0 i
728 Sn— - ¥ oo I e J VAt > Rt 2t r-arm ”-‘
23, HPS4 60,0 S0,0 3,0 30
o4 BPS5 75,0 Su.0 3.0 o
O e 1 T R R Y B s T
2 BPST 60,0 60,0 3,0 "
o] BPSH 15,0 60,0 $.0 B
N L L L T o T YT e - -
0l Br6o 75,0 75,0 3.0 5
20) BE6L Y00 75,0 3,0 10
gp] T B8R 62 Y0090 o0 U - R



( )
FILE NAME: TOUL BULY

I]) /"'—‘"—"——‘P‘A‘Rﬁrv‘é‘t‘n‘s fit E— S D —FO—tRAN—AtHHOwDRAFFBOLFSS \“ﬁ
R 1 = SUCKET-HEAD STRIPPER BOLT, TYPEY 2
Y 2 = SHUULDER SCKEW, TYPEYL M
W e 03« BOCKET=HEAD -CAP -SCREW;~ HYPE2 N
) 4 - HEX=HEAD CAP SCREW, TYPES 6

7
e e Y - .
5 SUCKET=HEAD STRIPFER BOLT, FOUND IN TDM=F=4 10
) STRIP-BULT  DIA 8 THRD L E F L .
T 8 5 A 8 12— g 9 20— —— 38— T3R5 1550 - 5
o sB2 3/8 375 .25 . J312 .56 .50 .188 1, 1
! s83  3/8  .315 .25  .312 .56 .50 L.18B 1,50 "
o T 8B4 e B BTS2 3 256 ——— 56— 5 18825 '
. SBS /8 L375 .25 .312 .56 .50 .188 2,50 e
. Sue /8 .375 5 W312 .56 .50 .188 3, o
B 1 X S 38— 35— +312————56 +50 1883350 -
. sB8 172 .5 .375 .75 .62 ,250 1. 22
s su9 172 .5 .375 .75 .62 W250 1,50 22
jof 8810 —-142 5 375 ——=15 s62 25025 -4
20, Sei1 1/e .5 #3715 15 .62 250 250 )
. ss1e 172 L5 375 NE .62 250 3, e
| $B14——1/2 +5 +31 375 5 62 250 3550 20l
- SB14  1/2 _ .S 31,4875 .15 .62 250 4, 20

31
ol — - CARK=LANE -$HOULUER -SCREW ,—— FOUND —IN—Tub=F=6 £
" SHLDR=SCrEw DIA B THRD D £ F L foa
L, 551 /16,312 .22 L,250 L4 .44 .188 .25 o
. 582 54163 12— ——gPR 25— 44 TeA 188 (e o/
o $53 5/16 312 22 .250 L44 L44 .188 .38 2
o $54 5716 ,312 .22 .250 .44 .44 .188 1. Taa
| 885 8/ 8 8T8 25 312 +56 56 188 34 = i
. 856 3/8 L3715 .25 312 .56 .50 188 .50 a2
M 837 3/8 379 .25 312 56 «50 .188 .75 M
paf 888 — ——14é—— .5 3315 15 62 SLL 358 e
" 559 1/7¢ .5 W31 .379 .75 .62 .188 .50 n
i *% 12 7 8 2 ¢ j’
|~ AMERICAN -STANDARD-HEX=8O0CKE I~ CAR—SEREN —FOUND—IN—TDM=F=2 "
- CAP=5Cw,SKi DIA H THRD L THL W L=THL 0
N CS1 10-32 .188 .19 188 .31 .5 .16 o0 o1
o e G2 G SR By 1 1 88 3t 5 w16 0 o
,‘ €53  10=32 188 19 188 .31 .87 .16 .13 o
L Cs4  10~32 ,188 .19 188 .31 .87 .16 .38 W
0 )

css 174,250 .25 0,250 .37 5 .19 .0

5 cs6 174,250 .25  .250 - .37 .75 .19 .0 5
" 7 74 X414 L] »Ca0 w37 T o 17 « U AR
2( css 1ra 250 25,250 371, .19 .25 2
3 Cs9 /4,250 .25 ,250 37 1, .19 .8 3
TS0 T4 RS0 T TIRSTTTURSe T3y J19 150 5
s Cs1t 174,250 .25 .250 .37 1,25 .19 1,25 6
o €s12 174 .25 .25 .25%0 37 1.5 .19 1.5 .
, C81— 14250 T2 Ti2%0 3TTTeo W19 270 I —
s Cs1a 5716 312 31 312 47 .5 .22 N 19
° €$15  5/16 L3112 31 .32 W47 .15 .22 o0 N
o s reT— 5716312 3312 PLE A Va2 0 - B
" €317 S/16  .312 31 L3112 47 1,25 .22 .0 i
12 Cs18  S5/16  ,312 31 312 47 1.12 .22 .38 I
TSI TS e T3 331 + 3512 o 47 112 .22 + 80 17
1 €s20  S/16  ,312 31 312 47 1,25 .22 1.25 5
v €521 S5/16 312 310 312 A7 1,5 .22 1.5 o
o €822 S716 312 31 312 a7 250 e 2.0 21
. €s23  3/8 L3175 W37 L3715 .56 .5 .31 .0 22
1 cs24 378 L3715 37 L3715 .56 .75 .31 o o
o 6825 3/8 375 3T~ 315 T 561 o3t ou .|
o €s26  3/8  ,375 W37 L3715 W56 1,25 .31 .0 o
o €s27  3/8  ,37S .37 L3758 56 1.25 .31 .25 e
- €528— 378 375 <31 315 56 =25 31 oS an
- €s29 /8 L3714 37 375 56 1.25 .31 1.25 o
- €s30  3/8 L3175 37 L3758 56 1,5 .31 1.9 o
o €531 ——3/8 375315315796 —2%0 $31 2vo 33
- €s32 /2 .5 S50 L5 5 1, .50 .0 24
» €533 172 .5 500 LS 15 1,25 .50 .0 o
| €854——172—5 T50—=%5 L ey - TS50 U s/
20 €$35  1/2 .S .50 .5 15 1.5 .50 .5 8
o €s36  1/2 .5 .50 .S 5 1.5 .50 1.0 o
e —€83F—t/ 25— 50— 5 15155 TS5t 1oh 41
12 €838  1/2 .S .50 .5 5 2,0 .50 2.0 2
" C$39  5/8  .625 62,625 94 1.5 .50 .0 "
e CHUO—S/B8—s625 so2 625 SH——15F5 +50 25 s
" Cs41  S/8 ,625 .62 .62% .94 1,75 .50 .75 46
N CS42  S/8 .62 62,629 .94 1.75 .50 1.25 "
%2} — - —3 o




AMERICAN STANDARKD HEX=HEAD CAP SCREW, FOUND IN TDMeF=) 9
HEX=HD BULT DIA H THRU W THL W1 L-THL OFFSET 2
s ——HHG B o Sl R O 250 50 5 ca 4 U098 5
HH44  1/4  ,250 19 .250 .50 .75 .44 25 094 oo
HH1 1/4 250 .19 .250 .50 .15 .44 L5 L094 oo
Ve ~
HH2 174,250 .19 .250 .50 .75 44 1.25 094
) HH3 174 .250 19,250 .50 .15 44 1.75  Lu94 .
g i tA4—— 254 A5 50 O D 25—ty g
:,r HHS 174,250 W19 ,250 «50 .75 .44 2.75  ,094 2
N HH6 /4 .2su .19 .250 .50 .75 .44 .25 .094 3
A AT 250 i1 9 e G0 g 50 B 4 25 0 94 s
. HHA /16 .3512 .23 312 .56 .75 .50 0 10y 6
s HH9 5/16  .312 .23 312 +56 .75 .50 25 L1109 M
B LB ¥ e F e B I O R S50ty o
s HH11 5716 .312 .23 312 .56 .75 .50 1.13 ,109 19
o HHl2  S/16 312 .23 312 .56 .75 .50 1.63  ,109 !
o T R R — 541 6312 23— 3 256 P55 0—— 2313109 —1
" HH14  5/16 312 .23 312 .56 .15 .50 2.63  .109 1
1 HH1S  5/16  .512 .23 312 .56 .75 50 3.13 109 I
| AR e — 54— 375 — 23RS 62— 0 56 TOTreS Iy
y HH1T 378,375 27,375 62 1.0 .56 .5 125 i
o HH18  3/8  .375 .27 ,375 62 1.0 .56 1.0 125 I
| A 88— 3752 F—— 375 vo2—t5t 356 tvo——12% o
" HH20  3/8 375 27 .379 62 1,0 .56 2.0 125 22
v HH21  3/8  .375 .27 .375 62 1.0 .56 2.5 .12% >
o ——HH223 348 —- 375 W27 5315 ——gbR— 50— 56 330 ey o0,
” HH2%  3/8 L3715 27,375 62 1.0 .56 4.0 .125
1 HH24 172 .S 37 .S B4 1,0 o715 0,0 125 o
| HHa—— 53— 5 15 w15 6s25— 125 20
s HH26 172 .5 .31 .5 .84 1,0 .75 0.75 .12% 29
" HH2T 172 .S «37 .5 84 1.0 .75 1.25 .12% on
s HHRE—— £ 2y § e g BT, +84——150 S 75129 "
o Hh29 172 .S W37 .5 .84 1,0 .75 2.25 .125 32
1 Y HH30 . 1/2 .5 .31 .5 84 1,0 .75 2.75  .12% B
B 1111 J EESS WS BT——5 B6——150 -5 2575125 2/
HH32  1/2 .5 W37 .5 84 1,0 .75 3,75 .125 au
o HH33 1/ .5 31 .5 86 1,0 .15 4.25 .125 o
| ————— HH34—— s, 331 —5 sbo—t50 15 457 5—1e5 1
o HH35 172 5 .37 %) .86 1.0 o175 5.9 eied 42
- HH36 172 .5 3T L.S 86 1,0 .75 6eH L1125 M
| — HH BT 1/ 2 8 #3—5 86—t 5 Feo—t25y n
. HH38  S/8  .625 .46 625 .98 1,0 .87 0.0 .15 i
|l HH39  5/8 625 w46 625 L98 1,5 .87 0.0 Ltes "
Jo = HRAG 54 625l 625 Y1 5B 10— 125 m
[ HH4Y  S/8 .25 a6 628 .98 1.5 .87 1.5 129 b0
o HHae  5/8 .625 46,625 .98 1.5 .87 2.0 o129 »
jof e WS b A e b S g 625 — v98—135 o7 212y 53
" HH44  S/8 625 6,625 .98 1.5 .87 3.5 .12% b
L HHUS  $/4 75 .52 .15 1,38 1.75 1.12 5 125 o)
( A
HH4e /4 15 .52 .75 1.38 1,75  1.12 1.25 o125
nnal o s/4 Ty .52 .15 1.29 1.75 1,12 2,25 .129
Hirgt 374 T TS e ] 1538 575 T2 CEL-L IS 4]
HH49  3/4 75 WH2 L TY 1.29  1.75  1.12 3025 .125
HHS0  $/74 .75 52 .78 1.38 1,75 1,12 3.25 o125
e )
FILE NAME: TUUL HSHING
5 8
P ARAMET A RS EB—HB—BHAN—A T =D R AF U SHENG 5t ~N
. 1 = BULLET-NUSE DUWEL & BUSHING, CARR LANE # CL=X, TYPEL 2
3 2 = LUCAIUK QUSHINGS, SLOTTED, GD/CD BUS 2290=DASH#, TYPER M
I e —3-= LOCATUN BUSHINGS ,-FLOATING PIN;—6D/ED—BUS—2290-BASHI;FHES—— |
s ' ¢
6 . 8
e s e B g | °
s BULLET-NUSE UDUWEL & BUSHING, FOUND IN TDM=G=2 10
. BULL=NUSE ~ A B c b E F L -
o T TGl N 25— 25— 286 5 TE25—— 907 — 125 I
i . BN2 CL=-2-BND .3125 ,313  ,344 ] CL157 0,939,156 14
1 BN3 CL=3-8iND 375  ,376  ,407 .5 .187 1,032 ,1875 i
yof 8N4 CL 4B N—5 S6t—532 v5 187150942y ¥
y ** 17 6 6 2 8

29



o SLOTTED LUCATUR BUSHING, ruuuu IN TOM=G=3 19
| 8L6F=L0C—BUBHING—A B £ BEAM 2
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ABSTRACT

INTEROPTICS is an interactive optical systems package designed to permit users at
various levels of experience to do graphical analysis of an optical system or to integrate op-
tical systems into a mechanical system.

The design package contains routines for constructing the standard optical cross-sectional
drawing of the lens system from the lens formula parameters, for mathematically tracing and . §
plotting meridional rays through the system interactively by the user, and for tracing bundles,
fans, or single rays interactively. An important feature of the system is the capability of
building-in constraints such that a user without extensive optical experience can develop valid
optical information without violating the specifications prescribed by the optical system
designer.

A database of designs has been created on the system for use by engineering personnel in
other disciplines. A directory of these optical systems is available by a command from the
menu. The menu also contains commands to initiate ray traces and drawings of new systems.

Interoptics is a software system to permit an interactive interface between the user and an
optical systems data base. One of the main goals of the project was to provide a tool wherein
a mechanical designer could be given substantial freedom to develop the mechanical aspects of
his project and still stay within the constraints of the optical system requirements. This can be
achieved by the optical system designer providing an ‘‘active’’ data base for his optical system
such that the mechanical designer can make certain modifications to the system without
violating the optical constraints.

DESIGN GOALS
The capabilities of the system include:

1. An ‘‘active’’ interface between the operator-mechanical designer. ‘‘Active’’ interface means
that the CAD system operator can develop the characteristics of an optical system as he
needs them by requests to the CAD system through the keyboard or a menu. The results of
these requests, graphically and numerically displayed, can be reviewed as they appear on
the displays. This information can be retained as part of the database or rejected and new
information requested based on the previous results.
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. A data base of optical designs for use by various engineering groups. A single set of

parameters (radii, thicknesses, separations, and indices of refraction) for any given lens
system are entered into the database. This data is used for all subsequent programs (lens
drawings, ray traces, etc.) thus insuring that all information is consistent and compatible.

. A means of doing certain types of optical analysis utilizing the specific advantages of CAD

presentation. By the very nature of the CAD graphical presentation, a form of optical
analysis is implied. One can watch the ray traces develop and make judgments or inter-
pretations of the lens system performance. It is even possible to observe the effects of the
typical aberrations (spherical aberration, coma, astigmatism, curvature of field, and distor-
tion) on certain classes of systems. Spot diagrams of image characteristics can also be
demonstrated. Of course the extent to which these effects can be seen are-a function of the
correction of the lens system and the inherent resolution of the CAD system.

. An integrated process to permit the optical, mechanical, and fabrication aspects of a pro-

ject to be coordinated within a CAD system. Instead of having separately created drawings
of lens elements, lens assemblies, mechanical assemblies, etc. as is traditionally done, all of
the above can now be created using a uniform database. The integrated optical-mechanical
system resulting from this approach should be a more consistent and error free design.

. As an effective learning device for optical concepts. We have observed that the process of

interactively tracing rays through a system graphically has enhanced the understanding

of how optical systems work. This increased awareness of the sometimes difficult concepts
of optics strengthens our premise that such a system as this should result in sounder, more
functional optical-mechanical designs.

It was not the intention to provide an optical design capability in the traditional sense but

to provide a facility for non-optical engineering people to more effectively use the optical
designs supplied to them. All aspects of the system can utilize the full dimensional capabilities*

of

the system.

¥

IMPLEMENTATION

Through a directory provided on the system, the user can select the optical system to be

studied.

tio

1.

2.
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The optical designer provides PEP or FORTRAN programs that supply a number of op-
ns:

A standard optical cross section diagram of the lens including focal surface and aperture
designation. Figure 2. The drawing is created from the constructional data for the lens
system and a PEP program rather than by digitizing the entities. This tends to insure a
consistency and accuracy for programs that follow.

A meridional ray trace program in which the operator can select appropnate rays for hxs
mechanical requirements. Figure 3. The optical designer has built-in limits that prevent the
operator from tracing invalid rays.

For example, the maximum ray height through the aperture can be programmed such
that an attempt to trace rays greater than the designed aperture will result in an error
message. Similarly, lens element clear apertures intended to introduce controlled vignetting
can be programmed to reject rays beyond the clear aperture.

A similar restriction could be placed on the selection of field angles if this is ap-
propriate to the design at hand. In some cases, such as the one described in the next sec-
tion, it is more realistic to leave the field angle unrestricted. In this case, one of the
operator’s options would be to examine unwanted rays that do get through the optical
system and need to be blocked by a mechanical baffle.

Where appropriate, e.g. photographic systems, unit focussing or front element focus-
sing can be included and operator input of subject distance provided. The graphic presen-
tation can show the displacement of the lens unit or front element for the refocussed lens.

Intermediate or final numerical results of the optical calculations can be shown on the
operator’s terminal if desired.



3. The optical designer will also provide whatever additional optical components are required,
such as mirrors, prisms, etc. As an example of the interaction aspect of the program con-
sider a diagonal plane mirror introduced into the optical path to fold the system. Figure 3.
To give the mechanical designer the greatest freedom in his work, he is permitted to select
the position of that mirror and its angle relative to the optical axis. The reflected and
unreflected rays traced through the system will guide him to a workable configuration
wherein all desired rays get to the image surface and unwanted rays are properly baffled or
excluded in some way.

4. A skew ray trace is also provided. A skew ray is one which can pass through the optical
system at any orientation in three dimensional space. With this capability the mechanical
designer can define the maximum cone of light required by the optical system and most ef-
ficiently use adjacent space for his application. Again the optical designer can provide con-
straints for the ray trace. Figures 4 and 5 show eight skew rays traced through a corrected
three element optical system to an off-axis image point. All rays pass through a common
image point within the resolution of the drawing. Figure 6 shows four views of skew rays
traced through a simple single element lens to three off-axis image points. The effects of

- spherical aberration and curvature of field can readily be seen. Figure 7 is an enlarged view
from Figure 6 showing a typical spot diagram and illustrating the aberration known as
coma.

5. A special software subsystem written in FORTRAN using matrix methods has been
developed to permit analysis and design of prism and mirror systems. Intended for plane
reflecting surfaces, the program graphically presents the orientation and position of images
and rays in multiple mirror systems in three dimensions. The technique can be very useful
in determining in a graphic way the effect of the plane mirror system and its perturbations
.on the image of a system. For example, the effect of reversals and inversions due to the
mirror system and the tilts and rotations of the image due to errors in the mirror or prism
angles are easily seen.

Figure 8 shows the well known penta prism wiih the leiter ‘““F’’ at its entrance face.
Views 1, 2, 3, and 7 are shown. The position and orientation of the image of the letter is
then shown as it would be seen through the viewing face. For comparison, Figure 9 shows
the similar effect for the standard right-angle prism. Note the reversal of the ‘“‘F’’ and the
changed location of the image. Figure 10 illustrates the effect of tilting the hypotenuse of
the prism such that it is not perpendicular to the base of the prism. Note the rotation and
tilt of the letter ““F’.

With a data base of lens system and the ‘‘tools’’ described above, the engineer can
develop his mechanical system to satisfy his requirements and still be confident that the op-
tical’ functions are also properly met.

EXTENSIONS ,

In addition to what has been described above, the package can provide drawings for
fabrication, assembly, illustration, or patent purposes. A standard form drawing for in-
dividual element specification has been provided for use by the optical shop or for outside
quotation. Figure 11. The database can, of course, be extended to provide the information for
typical computer aided manufacturing uses.

DESIGN GOALS

Active Interface

Data Base of Optical Designs
Optical Analysis

Integrated Process Through CAD
Learning Tool

Wb W RN =

Figure 1
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ABSTRACT

At Room Air Conditioning in Louisville, Kentucky, we have had a CV system since
January 1980. We look forward to the day when we can use it as a design tool more than as a
Drafting tool. After acquiring the system, we began to build a data base, that is, we began to
put manual drawings into the system. This has been and still is a long, tedious process.

Tabulated drawings have been part of the Drafting world for years. They allow a savings
because so many parts can be defined on one drawing without having a detailed drawing for
each part. Even though the majority of our work is 3-D, we elected to put 2-D tabulated
drawings on the system allowing a significant savings of disc space. For system management
this was nice, but for design purposes it was not because we needed to have access to each
part. The designer needed to be able to add these parts in 3-D to his assembly or layout draw-
ings.

By calling a master execute file which controls the building of the part according to the
specifications on the tabulated drawing, the designer now has the ability to add that specific
part to his drawing. The master execute file controls execution of a series of data extract/data
merge, edit, CV Teco, and Parex file routines which build the part per the specification.

The designer only needs to know the tabulated drawing part number to add the part to his
drawing.

At the same time, we also realized that the use of nodal information on the tabulated
drawing would not only allow the use of data extract for drawing purposes, but also aid to
further design development from an engineer’s point of view. These 2-D tabulated drawings
can now be used for other extraction, such as formulating a listing of certain types of parts
along with any desired information from the tabulated drawing. This is accomplished with
very little effort since only a short data extract needs to be written.

Use of these tabulated drawings allow us to carry one CAD file and 3-4 system files in
exchange for a 3-D drawing of each part on the tabulated drawing. We plan to expand our
use of data extract procedures for record keeping of drawing information, material extraction
and etc.
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INTRODUCTION

A few months after acquiring a system we decided to investigate what we could do with
Parex Files. We wrote files that could draw a crude fan motor, a part that could be used in
assembly drawings. The operator input certain variables, such as shaft lengths and diameters,
and the system would build that fan motor. (The operator had to know the specifications of
that particular fan motor.)

The ideal situation would allow the operator to input the part number and the system
would draw a 3-D part according to the specifications of that particular part. A procedure
allowing this is now available. This procedure uses a series of data extract, data merge, edit,
CVTECO, Parex and PEP Files to build the part by the input of the part number. The
operator does not need to know any of the dimensional specifications of the part, just the
part number.

MAP OF PROCEDURE

This process uses an extract file, 3 Parex Files (2 of which are standard for all parts), 2
text files, and a 2-D CADDS File (which can be archived) to support the sequence of data ex-
tract/data merge, edit and building of the part by the Parex File. We can access an unlimited
number of specific 3-D fan motors with 7 files and not have to change anything after we have
called for the part.

A master file shows the parts available to the designer and calls the master Parex File.
The master Parex file controls the command sequence including filing the CADDS File the
designer is now working on, building and temporarily filing the part, and then returning the
designer to his original CADDS File ready to add the part just created. Another Parex File
contains the commands needed to build the part. And a 2-D tabulated drawing is created in «
CADDS from which a master text file is made containing the specific dimensions for each
part.

NODAL TABULATED DRAWINGS

The text on the drawing format (See Figure #1, Items 1-8) is Universal Nodal Text. This
applies to all of our drawings whether they are tabulated or not. Only the drawing number is
necessary for our drawing build-up, but the test is used for other programs to keep track of
drawing information.

On tabulated drawings, each line of tabulation is a nodal figure which has been inserted
into the drawing. The text nodes have been properly spaced to allow the nodal text to appear
under its appropriate column, and specifications are built into them to designate the text
height and width and ‘‘force’’ the text to a certain layer. (In order to use data extract, nodal
text must be assigned a specific layer or its text node a specific property.) Due to the large
number of tabulations for each tabulated part, we decided to give each one a specified unique
layer.

After the nodal figure for line of tabulation has been inserted, the nodal text can now be
inserted. This process can be repeated for each line of tabulation or the first line can be
copied into the remaining lines and the text edited.

The general fan motor data (see Figure #1 Items 9-15) is also needed for our 3-D con-
struction. It cannot be entered into our program as a constant because other fan motors differ
in these areas. To extract this information, properties were added to Computervision’s Data.
Prop File (see Figure #3). These properties were then assigned to the text nodes that contain
the fan motor general data.

Now, the fan motor drawing is ready for data extract.

DATA EXTRACT

Here, we define what items are to be extracted from the drawing and specify the format
of the text file to be created.

Our data extract file name is PX.FAN. Extract (See Figure #2). Line one begins Section
#1 in which the extracted items are identified and given a name to be used in Section #8.
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There are two types of information to be extracted (universal and component) so they must be
specified. Then each extracted Nodal Text is specifically named either by the attached proper-
. ty or by layer.

Next is Section #2, the page format specifications. The first item listed is 10,000. This is
the number of lines of information between each reprint of the header. The next item is the
number of columns per page. Seventy-two is standard and this was just enough for our needs.
Next is the number of lines within the header, which is seven in our case. The last item of
Section Two is the number of items within Section #8.

The next section is seven, the header. This prints out in our text file above each page.

Finally, Section Eight is listed. Here the extracted information is placed in columns, left-
justified and the priority order is specified by drawing number and part number indicated by
the (1) and (2) across from part and drawing.

After Px.FAN.Extract is compiled, it can be used to extract information from only one
drawing, several drawings, or a specified set of drawings. The resulting text file was then add-
ed to our Master Tabulated Drawing text file (Tx.Master.Tab, see Figure 4).

This file has all of the needed information to draw a fan motor in 3 dimensions. What
we need now is to be able to access this information.

PX.TAB FILE

The PX.Tab File (see Figure 5) allows access to the Master Parex File. At the same time,
instruction in using the file, as well as the current tabulated parts on file, are displayed to the
designer. After these instructions, the file calls the Master Parex File.

THE MASTER PAREX FILE

The Master Parex File (see Figure 6) controls the command sequence, so that data may
be gathered to buiid the part. This file first asks for input from the designer: his present part
file name as well as the name of part to be built (such as fan, cap or topcover), the drawing
number of the part to be built, and the user’s initials.

After receiving this information, the current display is saved and the part is filed. System
level is entered and the long edit command is used to edit a text file (see Figure 7) with the
part number and then this is filed under an auxiliary file name (see Figure 8), so the original
text file format is left intact to be used again at a later time.

The auxiliary text file now contains the part number and the variable names used in the
part Parex File. This file is now merged with the text file created by the data extract on the
tabulated drawing.

The MERGE FILE command is the main key to bring the drawing information into a
temporary file to be used for construction.

Merge file transfers specified data from one text file to another text file based upon
matching elements.

Here, we want to draw from our main source of information, Tx.Master.Tab and we
want to transfer specified data to our temporary file Tx.Master.2.

After these two have been entered as our source file and destination file, the system
responds, with Merge Key Elements: Following this, the column numbers of the information
in the source file (Tx.Master.Tab) are entered, a colon, and the column number of the
destination file are entered. This transfer is repeated until all of the desired information from
the source file is transferred into the destination file. A double carriage return then returns
you to CADDS level. The variables now contain the specific data for the unique part (see
Figure 9), but this data is in the wrong syntax to be used by the Parex File.

CV TECO is now entered and the Auxiliary Text File is edited to the right syntax and the
change filed (see Figure 10). The part Parex File is then edited and the former variables
deleted and the new variables are extracted from the Auxiliary Text File and inserted into the
proper sequence in the part Parex File. These changes are made and a temporary CADDS
part is entered and the part Parex File is run. The part Parex File draws the part per the
specifications and then files the part. The designer’s original part file is entered; the display is
restored and he is ready to add any modifiers to insert the part. The designer has typed 4
variables and has received a 3-D model of the part ready for insertion in his original work.
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PAREX PART FILE

This file is names PX.FAN (or PX.CAP, etc.), see Figure 11. This file contains the com-
mands necessary to draw the part with enough detail to be used in assembly and layout draw-
ings. This Parex File also calls a PEP file (see Figure 12). The PEP File was made necessary
for the use o