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Productivity is Our Product 

~ 
COMPUTERVISION 

Dear CV User: 

Welcome to ~allasl We are glad you could come to our Third Annual International 
CV User Conference. 

It is very gratifyipg 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. 

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 
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8:30AM 

9:00AM-0pening Session-Grand Ballroom 
9:30AM 

9:30AM-BREAK 
9:45AM 

Mechanical Design & Drafting 
Junior Ballroom 

9:45AM-Auto-Draft for Tool Design 
Noon Jessie Harrison & Robert David 

General Dynamics 
Interoptics 
Stanley Haskell 
Polaroid 
Applications of Nodal 
Tabulated Drawings 
Bill Higgins & Chris Zimmer 
General Electric 
The Shock-Absorber-An Example 
of Variant Design with VARPRO 
at Volkswagen 
Egbert Elsholz 
Volkswagenwerk, AG 

Noon- LUNCH-Grand Ballroom 
1:00PM 

Mechanical Design & Drafting 
Junior Ballroom 

1 :OOrM- Implementation of Forging Load 
3 :OOrM and Stress Analysis on a 

Computervision CADDS 3 System 
Taylan A/tan, Ally Badawy, Carl 
Billhardt 
Batte/le Columbus Laboratories 
Three Dimensional Data Analysis 
Using Computervision CADDS 4 
David Terrill 
Dresser Magcobar 
A Customized Procedure for 
Assembly Drawing & List of Parts 
John Painter 
Computervision Centre 
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Microwave Printed 
Circuit Design Procedure 
Stuart Horwitz 
Westinghouse 
Electro-Mechanical 
Packaging of Electronic 
Products 
Dr. Itaru Aramaki 
Sumitomo Electric 
Industries, Ltd. 
Wire-Wrap Board Design Using 
a Computervision CADDS 3 System 
Anthony Minniti 
Xerox Corporation 
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 
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Embassy Complex 

CAD Generated Wirelists 
Larry Shuhy 
Harris Corporation 
Application of Data Extract to 
Aerospace Vehicle Wiring 
Robert Cook 
Vought Corporation 
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Ballroom Assembly 
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Ken Johnson 
Westinghouse Electric 
CV HASP 
Al Killinger 
Westinghouse Electric 
CAD/CAM Data Management 
in a Host-based Network 
Raphael McBain 
General Dynamics 
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Language Course 

Court 

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

Plant & Architectural 
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Automated Design/ Analysis of 
Pressure Vessels Using the 
Computervision System 
Ruth Hudale and Ramu Mysore 
Westinghouse Electric 
Piping Design System 
Dave Wilkinson 
H.A. Simons International Ltd. 
Plant & Facilities Layout Using 
Interactive Computer Graphics 
Gary Kahler and Harvey Marx 
Western Electric 
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Computervision Centre 
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3:()()pM-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 
S:lSPM Lead-time Prototype Application 

Nick Morgan 

Discussion of future developments 
of Integrated Circuits from 
Computervision. 

Initial Graphics Exchange 
Specification (IGES); A Perspective 
Albert Gibbons 

Smiths Industries Limited 
Use of the CV Flat Pattern Software 
& Interface with Manufacturing 
Collin McMullin 
General Electric 

6:30PM-DINNER-Grand Ballroom 
8:30PM 

WEDNESDAY, SEPTEMBER 16th 

Dimensioning & Drafting 
Grand Ballroom 

8:30AM- The two subjects that will be 
lO:lSAM 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. 

viii 

3D Design & Surfacing 
Embassy & West 

This session will begin with a 
presentation on CADDS 4 
Rev. 2 features related to 30 
Design and Surfacing. Each 
User Group representative will 
give an informal presentation 
on JD Design and Surfacing. 

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 

The Human Engineered 
PC Design System 

Court 

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. 

Architecture 
Gold 

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 2Lab 

This lab will be a supplement 
· to the CADDS 2/VLSI Pro
. grainming Language Course 
that was on Tuesday. 



10:15AM-BREAK 
10:30AM 

Graphic Languages 
Embassy East 

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. T~ere will 
be an interactive disculisi.on on 
additional capabilities f6r 
future development. 

Noon- LUNCH-Grand Ballroom 
1:00PM 

Engineering Analysis 
Embassy East 

l:OOPM- 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. 

3:00PM-BREAK 
3:15PM 

Mass Properties 
Embassy East 

3:15PM- This session will revic:W present 
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. 

Tool Design & Fixturing 
Embassy & West 

Tool Design/Fixturing Work
shop will review various user 
experiences in the tool, mold, 
die and fixture design areas. A 
tool library for mold l>ases and 
various fixture components will 
be presented by CV. 

Interfacing CAD with CAM 
Court 

This session will describe a 
user's version of a neutral 
database implementation, the 
role of ONA for interfacing 
CAD with CAM, and Com
putervision's implementation 
of the ANSl/IGES standard. 

Group Technology 
Court 

A representative from the 
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. 

6:30PM-''TEXAN'' RECEPTION-Grand Ballroom 
8:30PM 

Engineering Interface 
to PC Design 

Court 

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. 

New Capabilities for 
PC Designers 

Embassy & West 

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. 

Interface to PC 
Manufacturing & Testers 

Embassy & West 

This workshop is planned to 
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. 

Mapping 
Gold 

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) 

Integrated Circuits 
Gold 

This session will cover the use 
of the new CADDS/VLSI 
features available in Revisions 
2.0lA and 2.02. 

Integrated Circuits 
Gold 

(continued) 
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THURSDAY, SEPTEMBER 17th 

Dimensioning & Drafting 
Embassy & West 

8:30AM- The two subjects that will be 

Education 
Junior Ballroom 

10:15AM covered are: CADDS 3 dimen
sioning and detailing-problems, 
solutions, workcaround; and 
CADDS 4 Rev. 2 dimensioning 
enhancements. Associative and 
dual dimensions, centerlines, 
angular dimensioning, and 
JIS/ISO standards will also be 
discussed. 

Topics will include customer 
site versus educational center 
training; CADDS 4 training 
philosophy (2 weeks), specialty 
seminars, and in-house 
customer training. 

10:15AM-BREAK 
10:30AM 

3D Design & Surfacing 
Embassy & West 

10:30AM-This session will begin with a 
Noon 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. 

Noon- LUNCH-Grand Ballroom 
12:45PM 

System Management 
Junior Ballroom 

Archiving CADDS Parts and 
Automatic Updating of On-Line 
Textfile Documentation 
Ronald Smith 
M&MMARS 
An Alternate Accounting Package 
Curt Strobel 
Southern California Edison 
System Utilization Tracking by 
Job Number 
Brent Graham & 
Bob Rutherford 
Boeing 

12:45PM-CLOSING SESSION-Grand Ballroom 
2:45PM 

x 

Robert Gothie - Sales & Services Together 
Richard Hessdorfer - Future Direction 

& Mat Peterson 
Martin Allen 
Robert Gothie 

- Closing Remarks 
-Adjourn 

Plant Design 
Embassy East 

Discussions will focus on 3D 
plant modeling with emphasis 
on plant equipment construc
tion, pipe routing and fitting 
insertion. Time will be avail
able for general discussion of 
customer concerns. 

Numerical Control 
Embassy East 

Documentation 
Ballroom Assembly 

There will be a discussion of 
the different types of user 
documentation, how to use 
them, and their benefits. 

Software 
Ballroom Assembly 

Members of the User Groups Programming methods will be 
will be giving the following discussed in the environment 
presentations: Flat Pattern of COOS 200/10 Rev. 2, 
Routing and NC Progress, Graphics Network Architecture 
Rockwell; Progress in Assem- and CADDS 4, Rev. 2. Topics 
bly Tooling, Fairchild; Produc- that will be discussed are: 
tive NC Effort and Standard languages, program callable in-
Cutter Library, General terface5, soft architecture, code 
Dynamics; and others. swapping, and data buffering. 
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Time 

9:45 AM
Noon 

1:00 PM-
3:00 PM 

3:15 PM-
5:15 PM 

A 
Mechanical Design & Drafting 

CV: Steven Weiner 
E: John Boertjens 

MW: Gale Saxon 
W: John Martin 

Allen Alley 

Mechanical Design & Drafting 

Continued 

NC & Manufacturing Engineering 

CV: Richard Simon 
E: Warreri Gengler 

MW: Gary Kahler 
W: Char~es Smith 

Wednesday, September 16 

A 
Time Dimensioning & Drafting 

8:30 AM- CV: Bob Cronin 
10:15 AM 

W: Richard Cunningham 

Graphics Languages 

10:30 AM- CV: Steven Woodbridge 
Noon E: Ken Johnson 

MW: Don Crockett 
W: Allen Alley 

Engineering Analysis 

1:00 PM- CV: Steve Weiner 
3:00 PM E: John Boertjens 

W: Gary Brandt 
Tom Judd 

Mass Properties 

3:15 PM- CV: Steven Woodbridge 
5:15 PM E: Tom Heinz 

MW: Dave Schaller 
W: Tom Judd 

Facilitators 

B 
Prinled Circuit Design 

CV: Tim Ristine 
E: Tom Davis 

MW: Jerry Hegg 
W: Paul Van Ast 

Electrical Diagrams 

CV: Mike Barry 
E: Richard Skanron 

MW: Gary Cox 
W: Doug Conley 

Integrated Circuits 

CV: Gerry Shields 
Discussion of future 
developments of Inte
grated Circuits from 
Computervision. 

c 
Communications 

CV: Paul Hamburger 

MW: Bill Fagen 

Plant & Architectural 

CV: Ernie Heimberg 

Operations Management 

CV: Ralph Parker 
E: Chester Markiewicz 

MW: John Soose 
W: Robert Houk 

Workshop Session 

B c 
3D Design & Surfacing The Human Engineered PC 

Design System 

CV: Ashok Bhide CV: John Felahi 
E: John Boertjens E: Tom Davis 

MW: Darcy Sety MW: Jeffrey Bytes 
W: Allen Alley W: Paul Van Ast 

Tool Design & Fixturing Engineering lnterface To 
PC Design 

CV: Gary Hodgson CV: Anne Kiburis 

MW: Elton Ables MW: David Ross 
W: Richard Sauerbrey W: Paul Van Ast 

Interfacing CAD with CAM New Capabilities For 
PC Designers 

CV: Ed Fournier CV: Elizabeth Barbone 
E: Warren Gengler 

MW: Don Crockett MW: Jeffrey Bytes 
W: Charles Smith W: Paul Van Ast 

Group Technology lnlerface To PC 
Manufacturing and Testers 

CV: Dan Socha CV: Ed Kennedy 

MW: John Tahaney MW: Jerry Hegg 
W: Alien 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 

lnlegrated arcultes 

CV: Mike Reed 

Integrated Circuits 
(continued) 
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Thursday, September 17 Workshop Session 

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 

CV: 
MW: 

W: 

B 
Education 

Jack Rousseau 
Darcy Sety 
Ron Dubois 

3D Design & Surfacing System Management 

CV: Ashok Bhide 
E: Paul Davis 

MW: Robert Tennison 
W: Allen Alley 

Closing Session 
Robert Gothie 
Richard Hessdorfer 

& Mat Peterson 
Martin Allen 
Robert Gothie 

CV: Ralph Parker 
E: Chester B. Markiewicz 

W: Robert Houk 

Sales & Service-Together 
Future Direction 

Closing Remarks 
Adjourn 

c D 
Plant Design Documentation 

CV: Ernie Heimberg CV: Jesse Kafel 
MW: Robert Weis~ 

Numerical Control Software 

CV: Don Lowke/ CV: ~orm Siegel 
C. Gouldson 

E: Warren Gengler 
MW: Gary Kahler 

W: Charles Smith 



GENERAL INFORMATION 

Registration & Information Center 

Hours 

Messages 

Sunday, September 13 
Monday, September 14 
Tuesday, September 15 
Wednesday, September 16 
Thursday, September 17 

7 :00PM-9:00PM 
7:00AM-8:00PM 
7:00AM-7:00PM 
8:00AM-7:00PM 
8:00AM-3:00PM 

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

Media Se~ice8/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 l:OOPM. Your luggage can be stored with the Bell Captain on 
the Lobby Level, or you can request a late check-out. 

Transportation 
Surtran Bus-50 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. 

xv 



Function 
Computervision Reception 
Authors' & Facilitators' Breakfast 
Luncheons 

Location 
Grand Ballroom 
Embassy East (by Invitation) 
Grand Ballroom 

Coffee Service 
Dinner 

Mezzanine Level (Meal Ticket Not Required) 
Grand Ballroom 

''Texan'' Reception Grand Ballroom 
Asian & European Hospitality Check Message Board for location (by Invitation) 

COMPUTERVISION USER GROUP OFFICERS 

Chairman 
Joe Delvac 

EAST 

Sperry Gyroscope 

Vice-Chairman 
Paul Davis 

Pratt & Whitney Aircraft 

Secretary 
Tom Davis 

ITT Telecommunications 

Treasurer 
Val Gannotti 

Design Graphics Incorporated 

MIDWEST 

John Tahaney 
Vought Corporation 

Charles Palermo 
General Dynamics 

Richard Watson 
ADC Telecommunications 

CREDITS AND DISCLAIMERS 
ON PUBLISHED PAPERS 

WEST 

Alex Rawling 
Boeing Company 

Jack Stahl 
General Dynamics 

Ed Shaffer 
McDonnell Douglas 

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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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 valµes 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 la. 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 I, 200 '307.200 

400 4.800 I , 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. 
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2. AUTO-DRAFf 
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 BO M," the bill of materials command. 

2.1 GRAPHICS COMMAND - DRAW 
2.1.1 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.la shows an example of a parameter file. 
Figure 2.lb 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. 

FILE NAME: TOOL.SCLMP 

PARAMETERS ARE USED TO AUTO-DRAFT THREE TYPES OF CLAMPS: 
I - IJl0226 STRAP CLAMP. TYPEI 
2 - CARR-LANE STRAP CLAMP. TYPEI 
' - SLOTTED STRAP CLAMP. TYPEZ 

FURTHER DOCUMENTATION ON PAGES 4 & '34. AUTO-DRAFT MANUAL SE CTI ON D. .. . 17 6 8 I 
TODT A B ( D E F THREAD H 

SCI IJl0226-I .50 I. 00 2.75 .44 I. 50 . 41 . '3 I 25 . '38 
SC2 IJl0226-2 .62 I. 25 :L 00 .76 I. 64 .5'3 .625 .40 
SC3 IJI0226-'3 .62 I. 20 4.00 I. 00 2.25 . 5'3 . 5 .56 
5(4 IJI0226-4 .62 I. 20 5.00 i. 00 2.25 .5'3 .5 .56 
SC5 IJl0226-5 .75 2.00 6.00 2.75 2.25 .5'3 .5 .62 
SC6 IJl0226-6 I. 00 2.50 9.00 5. 4 '3 2.50 .66 .625 .75 
SC7 IJl0226-7 I. 00 2.50 12.00 8.4'3 2.50 .66 .625 .75 

sea CLA-2505-5 .62 I. 25 4.00 I. 00 2.25 . 5'3 .5 .44 
SC9 CLA-2505-10 .62 I . 25 6.0 I. 50 2.25 . 5'3 .5 .44 .... 17 6 8 2 
SCIO 50'30 .62 I. 25 4.00 I. 00 2.25 .5'3 .28 .. '37 
SC I I 5062 .75 I. 50 6.00 I. 50 2.50 .66 .28 .50 

Figure 2.1a: Parameter file for STRAP CLAMPS 

6 



<-HT 
l"lftflCATI• • PA-TIH 

FILE NAHE: TOOL.SCLMP 

PARAMETERS ARt USED TO AUTO-DRAFT 
I - IJl0226 STRAP CLAMP. 
2 - CARR-LANE STRAP CLAMP. 
'3 - SLOTTED STRAP CLAMP. 

THREE TYPES OF CLAMPS: 
TYPE! 
TYPEI 
TYPEZ 

FURTHER DOCUMENTATION ON PAGES 4 & '34. AUTO-DRAFT MANUAL SECTION D~ 

17 6 8 

-...__ __ ...JIUMIU Of' P&ll&KETElt'S 

-...__ __ _,u,unu r11u wntM 

.>----~t~~~'l:l~~U1~A~[~r=~~; =~Et=L~~n~p ., J. 5PACE 
AMYTMtH AFJEJI fH£ SPACE rs (OMSIDERED " CO"MUTJ 

TODT A B ( D E F THREAD H 
SCI IJl0226-I .50 I. 00 2.75 .44 I. 50 .41 . '31 25 • '38 
SC2 IJl0226-2 .62 I. 25 '3.00 .76 I. 64 .5"'3 .625 .40 
SC'3 IJ10226-'3 .62 I. 20 4.00 I. 00 2.25 .5'3 .5 .56 
SC4 IJI0226-4 .62 I. 20 5.00 I. 00 2.25 . 5'3 .5 .56 
SC5 IJl0226-5 .75 2.00 6.00 2.75 2.25 .5'3 .5 .62 
SC6 IJIOZ26-6 I. 00 2.50 9.00 5.4'3 2.50 .66 .625 .75 
SC7 IJI0226-7 I. 00 2.50 12.00 8. 4 '3 2.50 .66 .625 .75 

sea CLA-2')05-5 .62 I. 25 4.00 I. 00 2.25 . 5'3 . 5 .44 
SC9 CLA-2')05-10 .62 I. 25 6.0 I. 50 2.25 . 5'3 . 5 .44 

•• 17 6 8 2 

~ •N TOOi. CO!IPOllEOT TYPE [5 PEFUEP. 
A MEW PARAMUU FOllNAT SUT&:MENT lS NUDEO. 

SCIO 50'30 .62 I. 25 4.00 I. 00 2.25 . ') '3 .28 . '37 
SC I I 5062 .75 I. 50 6.00 I. 50 2.50 .66 .28 .50 

Figure 2.1b: Parameter file format for STRAP CLAMPS 
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TYPE I CLAMP - DR & TAP HOLE 
ORIGIN DR cS. TAP F'OR THR EAO 

T;-++--- ORIGIN 

B F 

_L -------i----
ltoE->E! ___ o __ c 

E :1 
T 

A 

J_ 
\____ ORlClJN 

TYPE 2 CLAMP - SLOTTED 
OR !CllN 

1 ORIGIN 

B F H L ~-----_-----_-----_-------_---- T 
0 E-~:1 

c 

I[ 
OR !GIN 

Figure 2.1c: Parameter definitions for STRAP CLAMPS 
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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 Gr~hios Pre-drawn Parts 
It COMPONENTS SECTORS It COMPONENTS SECTORS DESCRIPTION (NO MODCFICATION DESCRIPTION (NO MODIFICATION 

NECESSARY) NECESSARY) 

AUTO-DRAFT 0 9t> BOLT ROUND HEAD I IZ 
SOFTWARE TOP VIEW 

BOLT ROUND HEAD I IZ 
PARAt1ETER FILES FRONT VIEW 

BOLT HEX HEAD I IZ. 

80l.TS 117 zo TOP VIEW 
ROUNO & HEX HEAD BOLT HEX HEAD I IZ. 

Ai..L VIEWS FRONT VIEW 
CLAMP DR&TAP I 12 

CLAMPS II .. TOP VIEW 
DA & TAP CLAMP DR&TAP I IZ 
Sl..OTTED FRONT VIEW O• 

ALL VIEWS 
CLAMP DR&TAP I IZ 

FRONT VIEW 90-
CLAMP SLOTTED I IZ 

TOP VIEW 
CLAMP SLOTTED I IZ 
FRONT VIEW O• 

CLAMP SLOTTED I IZ 
F=RONT VIEW 90-

TOTALS IZ8 IZO TOTALS 10 120 

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. ld. 

#ORA 'NOUN' TOOL-ID CMODIFIERS):DIG D DIG D DIG D ... ) 
# 

#INS PART PART-NAME CMODIFIERS):DIG D DIG D DIG D ... ) 
# 

Figure 2.1d: Comparison of Auto-Draft command syntax 
to CADDS 3 command syntax 
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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 orient~tion 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.le describes a typical input sequence that 
illustrates this feature. 

#DRAW 7 
PLATE 
DPIN 

CLAMP 
BSHING 

BOLT NUT 

Figure 2.1e: Component name listing to command device 

WASHER BUTTON 

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.lf. 

*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 IJ10226-I . 5 0 I . 0 0 2. 75 .44 I . 5 0 . 4 I .?125 .?8 
SC2 IJl0226-2 .62 I . 2 5 '3. 0 0 .76 I. 64 .5? .625 .40 
SC? IJl0226-? .62 I. 20 4.00 I . 0 0 2. 25 . 5 '3 . 5 .56 
SC4 IJIOZ26-4 .62 I . 20 '). 0 0 I . 0 0 2. 25 . S? .5 .S6 
s cc; IJ10226-5 . 7 c; z. 0 0 6.00 2. 7 ') 2. 25 . s '3 .s .62 
SC& IJ10226-6 I . 0 0 2. ') 0 9.00 5.4'3 2. 5 0 .66 .625 . 7 c; 
SC7 IJJ0226-7 I . 00 2. 5 0 12.00 8 . 4 '3 2.SO .66 .62S .75 

sea CLA-2'105-'5 .62 I . 25 4.00 I . 00 2. 25 . s '3 . 5 .44 
5(9 CLA-2505-10 .62 I . 25 6.0 I. 50 2. 25 .5? • 5 .44 

SCIO 50?0 .62 I . 2":i 4.00 I . 00 2.2s .5? .28 . '37 
SC I I 5062 • 75 I . '5 0 6.00 I. 50 2.50 .66 .28 • 5 0 

PLEASE INPUT TOOLI D-

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. lg.) 

dDRAlo SOLT 5"' '.Av4 r-;:-oi zc::·DTG !'>Di!'.; D DTG D ) 

• ~.-· .- , '~(~~~;AGE RETURN 

MODIFIERS .~TOOL-ID (COMPONENT IDENTJFICATION) 

GEIDATA 

Figure 2.1g: Auto-Draft command syntax 

1 NOUN 1 (COMPONENT GROUP NAME) 
AUTO-DRAFT VERB 

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 
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A ~---~ ~ r====r,:----:: v ~~----J) ~ D::::=:l _____ j) 

fill I I 
I I 
I I 

I I 

"=:=:::1 

#DRAW DPIN DP~:OIG O.: 
FRONT:DIG Dz= 
SIDE: DIG 0,: 

lO 
I I 
I I 
I r 
: I 

"==:::1 

TOP INV ANG&Z:DIG 0,.: 
FRONT: DIG 0,: 
SIDE:DIG D6 ) 

DIAMOND PIN TOP. FRONT. AND SIDE VIEWS AT 0 DEGREES ANO 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. 

12 

+ 

+ 0 

0 0 
+ + 

Figure 2.1 i: Example of Auto· Draft graphic command structure 
using the PRP modifier 



VEC- Draw the component along the vector defined by two input locations or digitizes, 
the first of which locates the origin of the component. 

#ORA CLAMP SCI VEC:DIG D1 Dz: 
FRONT: CI G 0. D.,: 

# 

SIDE:DIG 0. b,: 
TOP :DIG 0i Dr 
FRONT: DIG 0. D~0 : 
SIDE:DIG o,,b,z• 

I~ + 

Figure 2.tj: Example of Auto-Draft graphic command structure using the VEC and View 
modifiers 

LAY
DEP-

INV-

Draw the component on the specified layer (default is current construction layer) 
Draw the component at the specified Z-depth (default is current construction 
depth) 
Draw the component in an inverted (up-side down) position (default is non
inverted) 
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fr-...,_ ___ _ 
~----4 
1----:) __ _r---

rf n 
1, I 1 , , 1, 
I 1 11 , , I 1 
~ .... _..1..., 

d 
#DRAW BOLT SSI LAY4 OEPI .25:0IG ~: 

FRONT:OIG Dz= 
SIDE:DIG 0.: 

# 

TOP £NY DE~I .7 LAY5:D£G 0,,: 
FRONT :DrG D.; 
SIDEJDIG 0. 

____ .. --a r------i • 
'-:;:-----1 ----..,_ __ 

THE ROUND HEAD BOLT SSI HAS BEEN DRAWN UPRIGHT ON LAYER 4 AT DEPTH I .25 
AND INVERTED ON LAYER 5 AT DEPTH I .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 iri:
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 locations 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 modifier 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 

LINES 
}--{I.___ -

RECTANGLE, 
<OPEN TOP> 

Figure 2.11: Side view of the hex head figure 

HEX HEAD F"J GURE 

These figures are further combined with other figures to form the tooling component. 
Each component requires one or two subroutines to define which combination of figures, 
shapes, and/or entities should be used to represent front, side, or top views of the compo
nent. This is illustrated in Figure 2. lm. 

BASIC 
ENTITIES 

Sil1PLE 
SHAPES 

TOOL 
COMPONENT 

FIGURES 

TOOL 
COMPONENTS 

--
/ ' u--w 

,_____ I I 

--- ~I I 
I I 
L__ _ _J 

I 
I 

I I 
~ .... -.,..,; 

: l : ; : : i: 
1 I 11 1 I 11 
1 I I ;-1 -----------T----- 1 I I I ii l1 '1._J) 
-.! y 

Figure 2.1m: Tool component geometry construction 

I I 
I I 
l,.-.-pJ 
j I 1 I 
1 I 11 
1 I 11 
1 1 1 I 
'1._J) 

ROUND HEAD BOLT 

COJ 
I I 
I I 
~-.-T.,J 
1 I 1 I 
1 I 1 I 
1 I 1 I 
1 I 11 
'1._J) 

HEX HEAD BOLT 

rr 11 
HEX HEAD NUT 

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. 
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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-graphic 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 ID 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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OONVAIR DIVISION 

BILL OF MATERIALS 
TOOL DESIGN 

PART NUMBER TDTEST SET-UPS 

TOOL SYMBOL HOFX TOOL IS USED 
TOOL NUMBER I FOR " I 

t----~AT~-=-:=~~~---TI:~:-~~~:~~~:--~-'-~:~:--~--~:~~~~~~:~~~~:~::~--~~~~~-~ 
pET ITEM QTY DESCRIPTION MATERIAL ZONE REMARKS 

r--1~1-~-rBASE-~~TE~--~---- ~-:~:-:-~:--::::=~~=y--- ------------------~ 
~ CLAMP IJI0226-I .5XIX2.75 7075-T651 AL 

I 7 \/ASHER '3/S STD STEEL WASHER 

~ SOCKT HD STRPR BOLT '3/B-24X2 STL STRPR BLT 

4 SO<KT HC CAP SCREW '3/8-24XI .5 STEEL 

'3 DOWEL PIN .25 DIA X I .o HRD STEE~ 

4 HEX ~UT '3/8-16 THD STD STL NUT 

I DIAMOND PIN 1050-50 STEEL DMND PIN 

I II 
l 

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 
one4ime 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. 

17. 
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Appendix A 

Auto-Draft System 
Flowcharts 

GENERAL DYNAMICSICONVAIR DIVISION 
TOOL COMPONENT AUTO-DRAFT 'SYSTEM 

DEVELOPED FOR IMPLEMENTATION ON COMPUTERVISION 
"·:/ 

' '. 

START 
<FROM CADDS) 

INPUT COMMAND CVERB) 
"DRAW" 
"DRA" 

"CLINK" TO CORELOAD go10 
TOOL COMPONENT AUTO-DRAFT 

EXECUTIVE SUBROUTINE 

RETURN 
CTO CADDS) 
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SUBROUTINE 11 MAI N90I0 11 

EXECUTIVE SUBROUTINE OF CORELOAD 90/0 

START 

SUBROUTINE "NAMEMOD" 
PSEUDO "NOUN" MODIFIER PROCESSOR 

SET INOUN = I PLATE = Z CLAMP 
: 4 ~~i~uT 
: ' ro~~5~ • 7 OIA110NO PIN 

8 BUSHING 

SUBROUTINE 11 NAMEIN 11 

TOOL COMPONENT ID INPUT & PARAMETER 
RETRIEVAL SECTION 

!NOUN = I READ FILE TOOL.BASEPL 

MODIFIERS: 

= Z TOOL.SCLMP 
= ' TOOL.BOLT = 4 TOOL.HEXNUT 
= ~ TOOL.WASHER = 6 TOOL.LOCBUT 
• 7 TOOL.DMNPIN 
c 8 TOOL.BSHING 

SUBROUTl NE "TOOLMQ.0" 
MODIFIER PROCESSOR 

VIEWS - TOP CDEFAUL T> 
FRONT 

ORIENTATlON -

DEPTH -
LAYEA -

tNVERTEO -

i~~E<DEFAULT•O DEGREES> 
VEC 
PRP 
DEP <DEFAULT•CURRENT DEPTH> 
LAY CDEFAULT=CURRENT LAYER> 
INV (OEFAULT=O NOT INVERTED) 

SUEUWUTINE "GETOATA" 
GETDATA PROCESSOR ANO GEOMETRY CONSTRUCTION 

CLINKS TO CORELOADS 901 I FOR "NOUNS" 2-6 
9012 FOR "NOUNS" 7-

END 



SUBROUTINE 11 NAMEMOD 11 

PSEUDO 11 NOUN 11 MODIFIER PROCESSOR 

ENTER 

't_ 

INPUT PSEUDO "NOUN" MODIFIERS 

CALLS SYSTEM SUBROUTINES: 
11 STOUT 11 

11 STHIN 11 

• 
PSEUDO "NOUN" TYPE RETURNED FROM 

SYSTEM SUBROUTINES 

I SET INOUN = I PLATE 
= 2 CLAMP 
= '3 BOLT 
= 4 HEX NUT 
= c; WASHER 
= 6 BUTTON 
= 7 DIAMOND PIN 
.. a BUSHING 

.i 
TERMINATING CHARACTER RETURNED FROM 

I SYSTEM SUBROUTINES 

SET EXIT FLAG IF: I CHARACTER IS "SPECIAL CHARACTERU 
CHARACTER IS "tEu (CONTROL El 
CHARACTER IS 11 CR• (CARRIAGE RETURN) 
CHARACTER IS ":'' CCOLON) 
CHARACTER IS "TWO RUBOUTS" 

( __ R_E_r_u_R_N_) 
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11 NAMEIN 11 

TOOL 
SUBROUTINE 

COMPONENT ID INPUT AND RETRIEVAL 

22 

SUBROUTINE "PRINTID" 
LIST AVAILABLE COMPONENTS 
AND THEIR PARAMETER FILES 

TO THE TERMINAL 

ENTER 

SET EXIT FLAG=O 

SUBROUTINE "!OINPUT" 
INPUT TOOL-ID 

SET EXIT FLAG IF: 
FIRST CHARACTER IS u:u <COLON> 
ANY CHARACTER IS "tE" CCONTROL E) 
!NOUN ~ I CNOT A PLATE) AND "CR" 

CCARRIAGE RETURN> 

YES 

NO 

SUBROUTINE "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 
PARAMETER FILE. 

RETURN 

SECTION 



MODIFIER 
II TOOL MOD II SUBROUTINE 

PROCESSOR FOR VIEW AND ORIENTATION 

ENTER 

SET EXIT FLAG=O 

NO <INDX=Z) 

SET DEFAULT MODIFIER VALUES 

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

INPUT MODIFIERS 
CALLS SYSTEM SUBROUTINES: 

"STOUT" 
"STHIN" 

TERMINATING CHARACTER RETURNED FROM 
SYSTEM SUBROUTINES 

SET EXIT FLAG IF: 
CHARACTER IS nsPECIAL CMARACTER" 
CHARACTER IS "TEu <CONTROL El 
CHARACTER IS ncRu (CARRIAGE RETURN) 

2 RUBOUTS 

RETURN 

£UT Fl.U 

SET 
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11 GETDA TA II 

GETDATA 
SUBROUTINE 

PROCESSOR AND GEOMETRY CONSTRUCTION 

ENTER 

SET INDX=O 

NO 

GETDATA •ENT" NODE 
DIGITIZABLE ENTITIES ARE 
LINES AND CIRCLES/ARCS 

CALLS SYSTEM SUBROUTINES: 
11ECRI02" 
"ECRIO:l" 

11 : 11 11 ; 11 11tE 11 "<R" 

GETDATA "DIG" NODE 
I DIGITIZE FOR ANG AND PRP MODIFIERS 
2 DIGITIZES FOR VEC MODIFIER 

CALLS SYSTEM SUBROUTINES: 
"ECRIOA" 
"ECRIOB" 

II : JI II ; II "t E II II ( R II 

ncLINK" TO GEOMETRY CONSTRUCTION CORELOADS 

CORELOAOS 11 CL! NKED" TO: 
9011 FOR "NOUNS" 2-6 
9012 FOR "NOUNS" 7-

YES 

NO 

YES 

NO 

RETURN 

SET INDX=2 

RETURN TO 
MODIFIER 

PROCESSOR 



Appendix B 

Auto-Draft System 
Subroutines 

roDL-~BCD.LOCAL 
5- 8-81 14:07:59-

l!C 

3!C 
·HC 
5!'C 
6!'C 
7!C 
8!'C 
9-!C 

lO!'C 
11 !C 
12!C 
13!C 
14-~G 
15!C 
16fC 
t?!C 
18!C 
19-!i.; .. 

. 21 !'C> 
22!C 
;a3.!C 
e:~4!C 
2:3!C 
2G~C 
27!C 

.. · 28!C 
. 29!C 
30!C 
3HC 
:32!C 
:3:3!C 
34-!C 

.35!C 
36!C 
3?!'C 
38!-C 
3'~!C 
~O!C 
4-HC 
42!'C 

FNJTCJ-DRAFT ROUTINES 
ARC - Il'iSEIH RI'+ ARC INTO THE DA-TFtBAGE COl't FILE 
BA-SEPL T - CONSTRUCT ALL VIEWS OF THE BF'f.S:E PLA-TE 
BL TTHR-D - COl'tSTRUCT THE SLEE'iE AM'O THREFtD FIGURE FDR> BOLTS 
BOLTFRSD - CDl'tSTRUCT Ft BOLT F?.Ol'tT OR :S:IDE YIEl.l· 
BDLTTDP - CONSTRUCT A- BCTLT TOP YIEblt 
BPSETUP· - PREPARE THE- P~T FOR- THE IN-S:ERTIDI"+- OF fT BA-:SEPUHE 
BUSl+ll't1;1 -· CONSTRUCT ALL '"'1E~S OF A- BULLET NOSE 001.JEL 3. BUSH-I!'t5 
BUSl+ING2 - CONSTRUCT ALL VIEWS OF Ft LDCA-TDR BUSl+ING 
CIRCLE - IrtSERT Ft CIRCLE Il'tTO THE DrtTFtBFtSE CO!'t FILE 
CLINE - ItiSERT CEl"tTER- LitiES IrtTQ THE DFtTFtBFtSE COl't F·ILE 
CLl'l?FRSD - CONSTRUCT Ft CLAl"fp. FRONT OR SI DE '-I I El.i 
CLl"tPTOP. - COl'tSTRUC T A- CLAl'tfl TO? '.I I Et.I-

"' CRDSSLl't - Ir+SEIH CROSSED Llr+ES Il'tTO THE DA-TA-BA-:"SE COl't FILE 
· pPH+&Tl'f - CONSTRUCT Ft DIAf'tfll'tD P.II"+ FROl'tT :Jr SIDE VIEi# LOIA'ER ?~T 

DP I NF~S:D - CONSTRUCT rt DI Af'tOr+D P. I rt FRONT :JR SI DE VI E!J< 
DPINPTS - CALCULFtTE THE POir+TS r+ECCESSA-"r' FOR FRONT :;. SIDE VIElllS 

··• DPirtTOP- - COr+:STRtlCT Ft DIAf'fOl'tD PH+ TD? '"'1Elll 
. ELUP -· INSERT ALL OR P.AAT OF F+I'+ ELLIPSE INTO THE DA-TFtBFtSE 

f711'WID - SEAR-Cl+ THE P.ARAf'tETER- FILE FOR- THE Il'tPIJT TOOL-ID 
Fr+D~ - FIND· THE FtRC DESC!HBED BY Af"t. ISOSCELES TRI~E 
GETDA>Tft· - RETIUEYE Il'i?UT COOR-DINA-TES Ftl'+D CLINI( TO CONSTRUCT TD 
HE;<,~ INSERT ff .HEX~Or+ ll"+TO THE DFtTffBA-:SE COl't FILE 
HEXJ+D - cartSTRUCT THE FROrtT/SlDE ',IIE~ OF Ft HE::< HEFtD FIGURE 
l-+l<r+tJT - CDl'tSTRIJCT ALL VIEi.iS OF Ft-· HEi< HEA-D rtUT 
IDJNPl.JT - CDl'tTROLL THE USER- Il"tPIJT TOOL-ID 
Il'tLINE - ll'tSERT Ft LINE Il"+TCT THE DrtTFtBF+SE Ctll't FILE 
INPROP - H+SEIH PROPERTIES Dl"t THE '?r+QDE :Ir Ir+SERT IT Il'tTO THE D:Et 
LDCBTrt - COr+STRUCT ALL 'i!E~S OF Ft LDCFHOR BUTTON 
:"tf'tlN901 IJ - !'tA-Irt PROGRArt OF CORELOFtD ~Ot 1) 

MFtll't9011 - l'tFtll't· PROGRFt!"t- OF CDRELDFtD '?011 
:"ffTll't9012 - l'tA-IN PROGRAf't OF CORELOR-D 9-012 
:-!UL TU+ - Ir+SEIU ONE TO' FOUR LINES Ir+TO THE DA-TR-HA-SE CO:-t FILE 
NAl'tEirt - RETIHEVE TOOL COrtPOl'tEl'+T IDEl'tTIFICATlOr+ 
i1F"tl'tEl'tOD - Nt="tl'tE OR ·' l'+DUl't" !"t01JI FIER PROCESSOR 
OFFSET - CONSTRUCT THE 'OFFSET·' FIGURE 
PRINTID - LIST THE COl'tPOl'+Er+T PF+RfllltETER-:S TO THE COl't DE'"'1CE 
RECTNGL - Ir+SEIH Ft- RECTAf'tl5LE It'tTO THE DA-TA-BA-SE COl't· F1LE. 
Rl'tDl+D - COrtSTRIJCT THE FROl'+T/SIDE '.,.'IEl,. OF Fr ~OUND HEF+D FIGURE 
TA+.:JGRP - TAG!P 1:;ROUP. AND I r+SER-T CDl'tPOl'tEl'H INTO Dft-TR·BA-:SE 
TODU"tOil - '.JIEl.i/t Ftf'tD,..OR- ORIEr+TFHIOl't t'fODIFIER PROCE:SSOR-
t~SHER· - C:Or+:STRIJCT ALL '-IIEbltS OF Ft- 1.-Ff.SHE!; 
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TOOL. :;.acn. ::;:'r'STEl't 
5-22-31 10:55:30 

l!C 
2!C 
3!C 
4!C 
5!C 
6!C 
7!C 
:3!'C 
3!C 

1 :)! c 
1 l!'C 
12!C 
l3!'C 
l+!C 
15!C 
16!C 
17!C 
1!3!C 
1·nc 
20!C 
21!C 
22~C 

23!C 
24-!C 
25!'C 
26!C 
27!'C 
2:3!'C 
29!'C 
3 O!C 
:3l!C 
32!C 
3:3!'C 
34-!C 
35!-C 
36tC 
"37!C 
:3:3!'C 
39!C 
+O!C 
-*"l!C 
+2!C 
4.:3!C 
4-4!(. 
+5!C 
+6!C 
4-?!C 
48!C 
49!C 
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::;'r'STEl't ROUTINES 
A-BS - ftBSOLUTE \.IALUE 
:=+cos - CALCULA-TE THE AACCO:~ I NE OF Att ANf;LE 
rtTRN - CALCULATE THE RRCTFtMGEN>T OF Al'i F!Mt.3-LE 
A-DLIST - ~DD A- LIST OF ENTITIES TO THE :;ENERFHIO!'f S:'r'STEl'P 
~U02 - MODIFr' "~I~ DESC~IPTOR i.~ORDS 

~ 1)3 - U1'1PACI<' MA-:STER Il"tDEi<: EttTR'( 
BREAI': - SEE IF A-N INTE!i-RUPT f(:E'F' HAG BEEl't· HIH 

Pffi.J:';E" AttD .. ···OR PA-SS C:::Jr+TROL TO THE CORRECT ROUTINE 
BRl<:SET - DESIGNA-TE THE CORRECT ROUTINE 
CLIN~ (65) - REGEN RE-t'tORl'tAL I 2FH IOrt CDRELOFtD 
CLINK (9010) - RETURl"t TO TOOL C:Or'tP-DNENT AtlTD-DR+iFT INTERPER-TER 
CLINK C301 D - TOOL COl'tP.ONENT r=+tJTD-DRA-FT 1-;Em'tETRY CORELDA-D :;t 
::LI NI( ('3-1) 12) - TOOL CDl'tPONEliT F+LITCT-DRF'tFT r:;EDPJETR'r CDRELOFtD ~2 
COS - CALCULFtTE THE COSINE OF- AM- MHGLE 
DBTFRE - FREE TR'.£1( DFtTRBF+SE SCRA-TO+ 3:PA-CE 
DBTR-D - REFtD/IJIH TE DFtTA- T[J/FR01' Tl-tE TR-Si-. DFtTF'+- BFt-SE 
Dl't127 - !'IOIIIF'i THE E><TEr+TS: Ht THE PDF 
Df.-51) - :JPEM Ft· PDF RECORD FOR CREFHE 
Dl.J5+ - CLOSE A- CREA-TED PDF RECORD :~ ACCEPT THE El'tTIT'f Ir+ *THE DB 
Dl.-55 - 3:TDRE ffi't ARRFtY FtS: Ft :::;uBRECORD 'JUR ING Ft CREFHE :S:EQUENCE 
Dl.J 122R· - I NSEIU Ft ~EA-l PRIJPERTi Ort THE ?NODE 
D\.1122T - It'tSEIH A- TE::C:T PROPERTY ON· THE ·?f'tO!JE 
DIJ2 03 - CREfHES Ft LIM- Ht THE DftTFtBA-:SE 
Dl.rt205 - CREA-TES ~ ARC/CIRCLE IF'+ THE DATA-BFtGE 
ECIH OFt - RPPLICFHlOl'I I:-tTERFA-CE ROUITl"tE FOR CALLirtS. ~:;ETDFtTFtr 

CALLS r:;ETDA-TA- BOTH- TD INITIFtLIZE a. ~ETIHE'iE DFtTA-· 
ECR-1 OB - RETURl't TO RPPLICfHIOli· CODE DISK UJCF+Hmt OF 

RE~UESTED DFtTA-
ECR:l 02 - RETRIE'¥E DFtTFt· INPUT FROl"f ::;ETDATA-
EC!H 03 - APPLICA-TION Ir'tTERFFU:E ROUITNE FO~ CRLLlNG !;ETDRTFt. 

CALLS r:;ETDA-TA- BOTH- TO IHI TIRLIZE 3. RETRIEVE DRTA
ECRl 06 - CLEAR GETDRTFt FDR NEW. COl"IAAND 
;:;ETCLS - CLOSE Ft FILE 
::;ETFrL - :JPEN' Ft FILE 
::;eru N - REA-D rrt A- LI NE F~l't A- FI LE 
SETSl<.P- - SKIP LINES IN A- FILE 
,:;RP13 - TURN- Ol"t FffTEl'+TIOr+ .&IT 
t'tUOlP - :;ENERfHE A- PER.PE·rtDICULAR- FRnrt Ft POI!"+T TO ~ LIME 
:-!IJ02P - :3ENER~TE A- PE~Et'tDICULAR· F~Ort t=+ POitff TO A- CIRCLE. 

NOTE ••• THE CLOSEST PERPENDICULAR P.Oil'H IS RETURNED. 
i'TVP07 - S:ET THE E.:TEl'ff:S Il't THE PDF 
:S:Irf - CALCULA-TE THE 3H1E OF l=tM ~'t6LE 
TAM - CFtLAULFHE THE TAHGEl'+T :JF FtM BMGLE 
TFt6El'H - TAt:; SPECIFIED El'<ITITY 1.~l Tl+ :s: r::< (o) CHFt,.F'+CTER-S 
nPE - OUTPUT A- ?'tESSFtf:;E- TO THE TER-l"tINAL !.rHTH- Ft- CAA,._IFtGE RETURl"t: 

ffi'+D Ft LINE FEE:O 
TYPOUT - OUTPUT A f'tESSFtGE TO' THE TERl'l'H'tF+L :,n THOUT A- CA-f'lR-I AGE 

RETURl"t OR Ft Lir+E FEED 
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Appendix C 

Parameter Files 
for 

Existing Components 

6 PAkAMtltHb Aflt UStU lU AUlU•UhAFl blANUANU ttAbt-~LAIES. 
fj"·'°?'~~~~...,.HF-i''Tlt'1"1l'Jr;t1'il>"°S 

ENTEHLNG IHE NUMbtN ASSUClAftU WllH THE u~SlktU Slit. 
IHE lUP PLANE OF IHI:. bASE•t'LAlt 16 CUNSIUtKtU IU Llt lN lnl:. 

------·-·--- X•Y l'LANf-·in- --A--1--nEPTH"-Ur(f~-u-;--r11c-cnnr,m--ur--nii:tr11::1r1s1:0•·------·-- - -----· --- --
CA I lll Al IHI:. LU11l:.N, LtFT•liANU (;Ul<NtH, CIJt<fltSt'lll•llli'll. lU XllYOLO. 
Flft<THl:.t< UUCUMlN I A l!IHJ UI• PAbt:: , All lll•lJNl\f I ''•Al~UAL bt:l. l llJN 

----------.,--5~-:r·--r- ------- ·------·---------- ---
sTANUAwu ~ASt-PLAIES; (;ULUMN 16 USEu Ab Int lUR FUN IHt PLAlE. 

SMALL HAt~bl:. 
1 --. ·------up1--5;-o---s-;u-T;-o-----------------.. ---·---------·- -
11 t!f'2 10.0 s.o 1.0 
12 bP3 7.5 7 0 5 1.0 
13 ---------up-11--ro;o~;-s--,-~-0----

1• bP5 l'l 0 0 7.5 1 0 0 
,. bPt> 10.u 1u.o 1.0 
w --------ttp;-rz.s 10.0 r-.~-----------------------

11 . UPI\ 15 0 0 10.0 I .O 
1H l>llf"I 20.0 10.U 1 0 0 
"' ---·-·---·---Ill' I o·-1-z-;·s-r2·;s-r·;·o---
:•a bl' I I I 5. O 12 • 5 l • o 

" -----------·--·------------------------ -- 1:~ 
1:: 
l•I 

ll. 
ll.1 

II 
1H 

-------'----~--·---- 20 

---------------------··-----·----

21 
22 
'.>'.J 

2·1 
2t; 

21 iiP 12 t 7 • ~ 12. 5 1 • 0 ~~ 
:· ~------1wrr-z..-• ...--.-..,..-.,__~,,_---------------'------------------------· ------<2" 

.. , sP111 c5.o 12.s 1.0 
H .•• 5 5 J 2 
;., - -. ---------"Mi:ti1uw-1<ANG1' ______ _ 

· -,., lit' I 5 15. o I 5. o 2. o 
,, .•. bl'lb 17.5 15.0 2.0 
., -·---"-:"-'--Z--tll'l'l-i!o·.-n-1Y~·11-z~-o ------------------------ ·-----------------
., ' . tH'lb 2?.5 ..15.ll 2.0 
• bl'l9 25.D 15.~ 2.0 
31 .,c-·:c-,----;---:·tn•-;;o--i-r;-s--.n; 5--c;·o------------------------
3· , ... · 1:n•21 20.0 11.s <.>.o 

30 
31 
.L• 
J:i 
34 

J!r 

·10 .. 
4:~ 

-1:! 
:~ ttP22 22.s 11.5 2.0 
,. ·------tW23-25-;;o-"--1-1-.s-c.rr -----·-----1:;'. 
~ bl'211 i:'7~5 11.'> 2.0 
,. hP25 3o.o 17.5 2.0 

t
' -----11Pi!b·-32 ~- -11; 5---z-;-u-~--· 
• bt'?I :ss.o 17.'> 2.u 
• ttt'2N 20.0 2u.o ?.o 
1 ·------~~;~--~;~~-~~~~~~-~:·! ---------------------------
~ 11P31 n .5 i:'o.o 2.o 

( Hl'32 30.U cU.U 2.u 
•l ttP:SJ J~.u 20.u 2.0 

('~1 f i--3-11-crtt. HPJ'> 2s.u 2s.u <.>.u 
bP5b 3o.o 25.~ 2.u 

------ · tll'H fi;U 2'>.0 2.0 -·
b~JB qo.o c5.u 2.u 
dl'J~ 45.o ~'>.u i.u 

·-tll''IO su·;·o--25.-u--2·;1r-·-·----------------------------·---------
•. '> 5 3 .s 

LAllbt. J(A,,(;t 
10 .. --------11P<11 ·Jo-;O-Ju-.-u---z-;n ·------------·------------------------·--·--
" dl'll2 J'>.o Jo.o 2.0 

-------------

4t.i 
1J 
4H 

4D 
00 

b:J 

II 
I:' 

"' liP'l:S 110.0 Jo.o 2.0 
1:1 ----------·llt'llq 45.0 -311;·11-z-;;1 -----------·-----------·-·---·-·---·----·-··---··-···- --- .. ---- - - --------·-··lb 

II 

14 bl'45 '>11.U 30.0 i?.O 
,. Bl'4b 55.o 30.0 2.o 
,.. -----.. bP47 bO.o jU;-Cl-?;11- -----------------
" IH'lltl 40 0 0 110 0 0 2.0 
'" bl'll~ su.o 110.u 2.0 
10 -·-----·ttl'su· 1>0.0 •1<10·11 -2.;o 
w ttl'Si 10.u 110.u 2.n 
• 1 1:11'52 llO.O 110.0 i:'.O 
, -------1Jl'S;t-;-11;-0--5u-;-u-,.· ~.-.r------------------------------------

n Ht'54 1>0.0 so.o 3.u 
,., lll'55 '15.0 su.o :s.u 
2c ----bt'5t>-'l<r.-o ·Su; u- .. 3·9·11 
po ~1'~7 bO.u bu.u 3.D 
1,, Hl'511 15.0 1>0.0 5.11 
i:m ---------ttt-i-5~--':Ht.-o·--ho .o-··:s-.·u------------------------------
6. bt'6o 75.o 7~.u l.u 

1:~1---- - ---~~:;-~~;~-!~ :~ ···~ :~-------------------------

-----~------ :u 
31: 

:a; 

40 
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FIL~ NAME: fUUL.HULl 

~----P-At<·M•IE-fti.15 •II[ l:lS=- 'v ""'".--"" .., .• ., DUL.""T":7"• 

I • SUCKtl•HlAU STWIPPEW tlOLT, TYPE! 
2 • SHUULOEk SCkEW, TYPE! 

------------ --- - 3 • SOCKt--T•HtAO--CAP-SCkEw,----------t-YPE-e-------------------------------------
q • HlX•HEAD CAP SCREW, TYPE3 

I 

-------------··---l<!:----1---'1------1-------------------------------------------------------------------~ 

SOCKET·HEAU Slkll'l'EW tlOLTr FOUND IN TOM•F•ll 10 

l:JIWll'•tlULI OlA ti THl<O ll E F L 11 

------8tl 1--------SI !b------.-312 ---.-1 'I-- -.-25U----.-36--·;-31!----oti!"S------i-.5(1-- ---------------------- :~ 
II SB2 3/ll .375 .25 •• 312 .Sb .so .168 1. 14 

12 s1:n 318 .375 .2s .312 .sb .so ,1811 1.so 10 

,, --Sl:l'I <~lll--.-37!>------.-25--;-312----,5&-----.St)------.188---Z. ------:'; 
14 Sll5 318 .375 .25 .312 ,5b ,50 .186 2,50 1s 

10 St:lb $16 .375 ,25 ,312 ,5b ,!>O ,188 3, ~~ 
"'----------- -Sl:l1---3f8--,--315-----,-~--.-312-----o-56-----;-56---;-t6-6---3-.-5v 21 

SBt! 112 ,5 ,31 •. HS .75 ,b2 ,250 1. 22 

1>I St:l9 112 ,5 .31 .HS • 75 ,b2 ,250 1.so ;; 
1" ---------------Sl:ll0----1-12----,5 .31 ---,37!1----.75---,b-2---,251l z, 2µ 

~~ :~:~ :~~ :~ :;: :~~~ :~~ ::~ :~;~ ~:50 ~~ 
221-----&BH--l-li!- ,S ;-3-1--,-3-1~-------.-'15 ,b-e- ,--.!-s-t,- -y,-.nr 20 

2.l Sl:l!Q 112 ,5 .31 .~75 • 75 .&2 ,250 11, 30 

31 

~:1-------· -·C AHH •l ANE · SHOULUE H -8CHE II,-- FUUN0-1~-l l:JM-F-u-,_ _______________________________ ~~i~ 
SHLllk•SCkE~ OlA ti THkD ll E F L 

21 S:Sl 511& .312 .22 .250 .44 .44 .188 .CS ~'. 
28 --------l>S2---Sl-l&-,312----.-2~-;-2-S0------.411--,<i-4---;-t66--~,"'C::J'1r+---------------------'--l.3 , 

SS5 5/lb ,312 ,22 .250 ,44 ,'14 ,186 ,:SB 38 

30 S::i4 5/lb ,312 ,22 ,250 ,44 ,44 ,186 l, ~~ 
31 ---------Sli5------:S/8----,d75-----,-25--•3·1·2-----.--Sb---;-S-&----.t6-&----o-3-8- 4 i 

S::ib 3/tl ,375 .~5 .312 ,So .so ,\86 ,50 ~' 
Sti7 3/ti .37~ .2s .312 .s& .~o ,188 .1s ; 43 

:14 ----Slt8-----1-l-2--,5-----,-3-t--.31-5---,'1-S-----.bi! ,188--o-3'-8-A---------------------l40 

s::;9 112 .5 ,31 .n5 ,75 .b2 ,168 ,so 10 *. 12 7 6 2 41 

-- AM"-!HCAN -:ilANllAHU -HB•SOGKF. T-GA~6HEoW,--FOUl>t&--l-N--lOM•--F--r--e-..;>-----------~~-----------l4" 
CAP•::iC~,sKr UIA " TH~U u THL w L•THL 

JI 

:Jt-l 

CS! l0•j2 ,188 ,l'l ,166 .31 ,!> ,lb .o 01 

40 ----Cl>2------10--ji!--,-l-ll8-----,-!-9----,-l-88---d+--.-'1-S--,-t-ttrl.---~,,...,vif-----------~-----------'~~ 
c:;:s 10•32 .1611 .1\1 ,168 .JI ,87 ,lb ,U 
C::i4 IO·:S2 ,161:1 ,19 .186 ,JI ,87 ,lb ,38 

!iE 

CS5 114 .250 ,25 .250 ,]7 .5 ,19 ,O 
C:ib 114 .250 ,25 0 250 · ,37 .75 ,\'I ,u 

~----e-:11 11q .2:rv ;?':!' ;c:iv ;'!? 1, .""TY ;·u 
CS6 114 ,250 .25 ,250 ,37 I, ,l'l ,25 
Cl:J9 1111 .250 ,25 .250 ,37 l, ,l'l ,S 

1------c::i1 o--- 114 - ---;2so-- ----,2s-----;2so -------;31--1-. , 1 <r--1-;u--
cs11 114 .2so ,25 .2so ,37 1,25 ,1'1 1.2s 
CSl2 114 .250 ,25 ,250 .37 1.5 ,1\1 1,5 

--------c:11-:s-----1-111--.-2so·-------;25,---.2so----.31-2;-o---.1.,---2-;o--------------- -
Cl:il4 511& ,312 ,31 ,312 .47 ,5 ,22 .o 

6 

I 

---------- ---- --- ---- ~ 

10 

CS15 5/1& .312 .31 .312 .47 .7S .22 .v 11 

10 ---cs1b--snb-;:312---.-·si---,-312-----;·q·r----1-.----,22---;o·----------------------------- :~ 

11 CSl7 5/lb .$12 ,31 ,312 ,47 1.25 ,22 ,O :~ 
12 CSl8 5/lb .312 ,31 .312 ,117 1.12 ,22 ,58 10 

13 --------cs 1<i--sn-u---.-3i-2----.31--. -11 c-;n-1--;·n-----~22----;-e-e----- ----- -------------- " 
14 CS20 511& .312 ,31 .312 ,q7 t.25 ,22 t.2~ :~ 
15 C!>i?I 5/lb ,312 ,31 ,312 ,Q7 1,5 ,22 1,5 , 0 

10 --------e:122---s11b·--.3-ur---.3-i---o-51~"4'7'-~2~.-o~---.~2'"'2·----;:~0U"------------------------- 21 

17 CS23 3111 ,37!> ,37 .375 ,5b ,5 ,31 ,O ~; 
18 CS24 316 ,.HS ,37 ,375 ,Sb , 75 ,31 ,o ,. 
101--------cscr-J1t1·---. 375- ---- • 37 - ---.-315-------.-s1.--1. , 3r OU" '" 
20 CS2& 3/li .375 .37 .375 .Sb 1.25 .3t .o ;t; 
21 Cl:i27 318 ,375 ,37 ,375 ,Sb 1.25 ,31 ,25 __ 28 

22 ---e-s2s-~1-b--;-3-'1.__,---.3-'f----.-37S .Sb 1.2s ,31 ,1::. ,,, 
23 CS2'1 316 ,375 ,37 ,375 ,Sb 1.25 ,31 1,25 ;~ 
24 CS30 516 ,375 ,37 ,575 ,5b l,!> •. H 1,5 3 ., 

25 CS31---3111----.-375---------,-37--,375--;SE.----2.-0~t----.?-ov_,.__ ________________________ 3; 

26 CS32 112 .s .So .5 .75 t. .SO .o ~~ 
2/ C:>3:S 1/2 ,5 ,50 .5 ,"15 1,25 ,50 .o JG 
,.-----es31t----i-12---.-5----.5o-~ , r j t-;!:1---.Su-',_ ____ _,,__u ___________ ----------------13, 

29 CS35 1/2 .5 .so .S .75 1.5 .so .5 ~~ 
30 CS3b 1/2 .5 ,50 ,5 ,75 1.5 ,50 1.0 j.o 
31l--------es31--1-12--,-5-----0 5o----.-5 ;.~s--i.-s---,sv -r.-:r 4·1 

32 CS31l 1/2 .5 ,50 ,5 ,75 2,0 ,50 2,0 '42 

33 CS39 5/6 ,b;>S ,b2 ,b25 ,94 1.5 ,50 ,U ~; 
34 -----GS'IO--Sf-6--o-&25----;b-c-------.-&-25 ,91t t .75 ,5u- ~ ,,; 
35 CSltl 5111 ,b25 ,b2 ,b25 ,94 1,75 ,50 ,75 ~-
30 csq2 511! ,b2s ,b2 .b2!> ,'111 1. 75 .so 1.25 ~~ 
3,--------.. ·-----12---1---d--3 "'" 

28 



• AMtWlCAN STA~OAWU HtX•HtAD CAP scwtw, FDUNU IN TDM•F•l 50 
51 :m HtX•HU llULT OJA H TH!lU w ltll WI L-rnL OFFSt'I 

.c --- ---------- -tiH4 3 --I / 11·------.-250-----.·19----.-2-'SQ•---.-"5fr----.-t5---;-tl II • ~«41-------------------1s1:5_~ 
41 HH44 l/q .?'iO .lq .250 .50 .75 .1.tt1 .25 .0~4 ~;~ 
a HHI 1/4 0 250 .l'I .250 .so .75 .411 .75 .094 

HHi! 1111 .250 0 1'1 .250 .50 .75 .44 1.25 .0'14 
HH3 114 .250 .l'l .250 .so -2_5 .114 1.15 .0'111 

_,,.,.... ____ _.,.H,. 11'1 0 -2511 0 1'1 .i:!5ft-- ~ •....,. ......,. -.:-or.;- • ..-..-..-
HH5 1/4 0 250 0 1'1 0 250 .SO .75 0 44 2.75 .O'lq 

3 HHb 1/4 .250 0 1'1 .2SO .• 50 .75 .1111 3.25 .O'lll 
4 f------- -- HH 7· 114 -- -. 250 - -, 19 -- • 250 ---- ---.so--,-i·S-----.-lj 4----tt-; i!-5---,tl'l'I------------------- 5 

HHll 5116 .512 .23 0 312 .Sb 0 75 0 SO .D .109 
HH'I 5/lb .312 0 23 .312 .5& 0 75 .50 .25 .lO'il : 

------·----111-t111-----r;,11&---d12 ----.-23------.:s12 ---,s&---.-111-----.-sir---.-&3--.1-tr'I---------------------------------" 
a HHt1 511& .312 .23 .312 .5& .1s .so 1.n .tu'l 10 

, Hl112 5/1& .312 .23 •. H2 .5& .7S .so 1.&3 .10'1 :~ 
1"0--------HHLS-511&-.~12------,23--.312-----.-5(,---.-15----.-so----2-.-13---.-tO'I----------------------· 1:. 

11 HHlll 5/lb 0 312 0 23 0 312 0 5& 0 75 0 50 2.&3 0 109 14 

,, u111s s11& .312 .23 .312 .s& .1s .so 3.13 .109 10 
l,----------HrtJo---3111---. 375--- --,21---,37-5----.-&2--1--.o------ ,;5&------.-o--.-.-~ II 

14 tiH17 3/11 .375 0 27 0 375 0 bi! 1.0 0 56 0 5 .125 :~ 
15 HHlll 3/11 .37~ 0 27 .375 .&2 l.O .5& !.O .1?.5 20 

10 -------HH19----5-18--"o-31S---.-2-1------o-31-5---.·bi! I 06 0-Sb-1~---.-ti!-" 21 

Hh20 3/8 .~75 .27 .37, .b2 1.0 .56 2.0 .12~ 22 

:: HH21 3/11 0 375 .27 .375 .&2 1.0 0 56 2.5 .125 ;~ 
"-' -------------- Hr,_22 ----·--318 ---. 3 7 !'i • 2 7 ---- -·.-3 7 s ---------. b j!--t-.-0-------.5&---3-otl-------.-1-2-,,- 2C 

20 HH25 3/d .37~ .27 .375 .b2 l.O .S& Ll.O .12~ ~~ 
21 . Htl2'1 1/2 .5 .37 ·~ .84 1.0 .75 o.o .125 2H 

22 -----HH25--l+C---.-S- 0 31-------.-, 0 -tlll 1 0 0 0 75 6.25 .ti!5 2<> 

I-: Httc?O 1/2 .s .37 .5 .84 1.0 .75 0.75 .125 Jo 

:~ Hll27 1/2 .5 0 37 .5 .84 l.o .75 lo25 .125 ;; 
20 t12b----i/2---.s-- -.-37-- --,s-----,811--·i-.u-----.~----r.-~-?s ," 
:!G "Hh29 1/2 .5 .37 .5 .84 1.0 .75 2e25 el25 ~~ 
27 .. , : HH30 1/2 .5 .~.7 ,5 .84 I 00 075 2o 75 .125 3., 
~.-~------H11~1-----112--.s---.-:s-1---.s .11&--1-.0 • 1s 2. ~·"'. • ,CJ - "' 

2 ,, Htl 2 !J,i! .5 0 37 0 5 0 8'1 1 0 0 0 75 3,75 .125 ;:: 
30 ttl1B f/2 .5 .37 .5 .Bb l.O .75 '1.25 .125 40 

31 ··-·---- HH34--l-/2·---.5-----,,H---.-5 .!l&--l-.0----,-15-----11--.-1~ 41 

32 HH3'l 112 ,5 0 37 .5 ollb I .O .-I'; 5,5 • ic!5 '42 

" HH3b 1/2 .5 .3-, 0 5 0 !!& 1 0 0 0 75 &.'l 0 125 :~ 
~. ------HH31----t-/2---."t------d7--.5 ,-8&---1:-.-0---,-f-S- --"-,-,,- .-th- "" 
35 HH38 Siii .&25 ,4b 0 625 0 98 l.O 0 !!7 0.0 .125 ~ 

HH39 5/H 0 b25 ~4& 0 bi!5 .9H 1 0 5 0 H7 O,O 0 lc!5 : 
1111110----5111 -----.&2s --------,'l6---.t.2!'i-----.-'itt---1.s----.-a1---i-,-t;----.-1-i!s "" 
HH'll S/t! 0 &25 0 4& 0 b25 0 911 1.5 0 117 1.5 .125 Joo 

··: HH42 5/b 0 &25 0 4& .&~5 0 98 1 0 5 0 87 2,0 .12'l ~ 
-.1"-------------1111113 ------'!t/11---.&i'S-·- - 0 46-----ob25-----.'l&---t-.-5---otr~'.:J 0 li!S s3 

HH44 5/0 .b25 0 4b 0 &25 0 98 1.5 ,87 3.5 .1~5 
HH45 j/4 0 75 0 52 0 75 ! 0 36 1 0 75 1.12 0 5 0 1?5 

Htl'lb 3/11 .75 .52 .75 1.38 I. 'IS 1.12 l.25 • 125 
HH'l7 j/'I .75 .52 .75 1.29 1.75 1.12 2.2s .125 . -,,- oJC -,,- ;:;--.,-- -.-. -,,- 1.-1..- ". '"' . '"" .75 .52 .75 1. 2'l 1.75 1.12 3.25 • I 2'l 

.75 .52 .rs 1. 38 1. 75 1.12 -~· 25 .125 
·------ ·------- ------------------

~t-----~~:~ ;~~..---~..----,~..-....,,..,...,----T-:-'t!l--t-:"7"'1"-""'1"".:-r:O----:r:;"?"!,---:-T?"'I'--------------~ 

" 6 . 
----------· ---------------------------------------~-----------------------

fill:. NAMI:: TUUL 0 tli>HlNG 

• -"'A·w-ltl4i0-+t+l-&-Aw~~= LC. u '"' ''ciT -v >rt',-~ .~' 
B 

1 ...-. 1 

2 I • ~ULLtT•NUSE DUwEL & tlUSHlNG, CARR LANE # CL•X, TYPE! 2 

2 - LUCA I UH dUSHINGS, SLOTTED, Gil/CO tlUS 2290•0ASH# 1 TYPE2 3 
3 4 .1-------3 • LOCAIOrt lllll;H INGJ; 1--f-L-OA l JNG- P-lli;-Gfl/i;l't-tHls--?2-<JO•flASll#, FYl'U 5 

5 6 

7 
6 8 
7 

U•-D·---- I 1-1------
9 

8 bULLC: I •1'HlSt UUWIOL & ~USIHNG, FOLINO lN IDM•l>•2 10 

bULL•NUSE A H c u E F L 11 
9 

lilll-l-Gl.-·l--llNIJ--.-2S---0 -25-l-----.-21!&---;;-5----, tt5-----;-'t6T-----.-tt-j-
__ 12 

10 13 

11 tlN2 CL•2•BNI> .3125 .313 .3414 .s .• 157 .939 .15& 14 

tlN3 CL•3•1lNIJ .375 .37b ,407 .s .167 1.032 .1675 15 
12 

IO 
13 ------Ui'o4-CL•'l•IH<l~------.Se-t--.--S32- .s • 161-1 ,-09-11---;-l!:r 17 

14 •• 17 b b 2 18 

29 



16 SLUfltU LOCATOR 80SHIN& 1 fOUNU IN TUM•G•3 
------- --!;LVf •LOC-BUSHlNG----- l;-------!)----------&l-A-M---------------------

16 12345b7890!23456712345bt2345b12345b12345bl2345bl2345bl2345bl2345b 

1U 

20 
21 

;~ SLtil tlUS 2290•2 ,25 ,375 .4 .1875 0 375 1.0 
19 -----------SU!?- llU b -22'10•4 --- --, 3125---0 4-~7--, 4--, HH5---,3'T7-'iSr----1lrc,'"16l-------------------
w SL83 t:!US 2290•& ,375 ,5 ,4 ,1875 ,375 1,0 
21 SLt!4 BUS 22'10•8 ,5 ,625 ,4 ,1875 ,375 1,0 
--------••---+1---h----11--'f--------------------------------------

: fLOAflNG PIN LUCATOk BUSHING, FOUND IN TDM•G•4 
M FLUAf•LUC !:!USHING A C L 

21 
____ __,28 

25 ---------l'-Lb\--tlU&--2290•!0-----.5---0 &25--,-ll--,-t87-'!>--.+1-5---t-.tt--,~'>---=--i>--------------------

30 
31 
3:1 

33 
34 2G FL82 tiUS 2290•12 .5 ,&25 ,4 ,1875 ,375 1,0 ,3125 ,2 

21 fll:!3 bUS 2290•14 ,5 ,b25 ,4 , lt175 ,375 1,0 ,375 ,22 "' 
28>-------R-tl4------ , s---.-t.-2-5----,11-.+875 , 375 I, a--~f---~i>-'i---------------------1~1; 

3H 
3Ll 

30 -------~----~-----------------------------------------------------140 

f!Lt NAHE: TUUL,LOCUUT 

i 2 
- SPH~kE•MADlUS LUCATOk BUTTON, GU/CU BUT IOOO•UASH#, TYPE! 

--------- ··-u----1 3-----r---- -6--1----------------------
LOCA l Uk bUITON, FOUND IN TDM•G•9 10 

LUC•BUfN A B C P•C E E•C :: 
10 ltl 1-eb--t--Stk--,-31------.1-e<r---.t25--o'.t115 • s ,-j-f-5---------- ----------------------------- 1c 

II Ltl2 CL•i?•SLk ,37 ,21;2 ,187 .313 ,b2 ,433 
12 L1:!3 CL•3•SLN ,5 ,376 ,!87 ,373 ,75 ,5b3 
1 , -------tti4- CL·4·titM--.s------'-.-:sn.----,-2s-~r-----;-1-o;--;s------------
14 Ltl5 CL•':i•:iLN ,5 ,31b ,375 .HS ,75 0 375 
15 Lb6 CL•6•5LN ,5 ,37b ,5 ,37 ,75 .25 
16 

18 

10 

UIAMUHO PIN IS StANCHEO FUN ANu NtlNIEV~U FUN lHbtNlluN 
--- -------1> V--L t!UI\ f l'/ti-uP---f hl:-APPr<ttf't< 1-A-tl:--h!t1L~tt1-·tti--fHt-rmb-t·--t11LuMrr~- ---~-- -------- ---

r Uft"f Ht N tH1ClW1tlHAl llJ11 ON l"A6E. I AUlll-ut<M I ~IANllAL St Cl JUN 

-----trMNt'i Oi-------1r-----ir- -------e·~---t,-----··-r--------1' -----------

* * IU d b I 
Ul'l ,2492 .1877 • 34 .Ob2 ,09 • 7':J 

10 ------------&t-'-2----------.:1tl'r------o-2':>irit----. 4·t • o 1 i; • u<r-----;-wr-- ---------
11 UP 3 ,3"/112 ,3127 ,':JO ,093 ,12 l,UIJ 

12 DP4 0 4667 ,5752 ,59· ,lv'l .16 1,2':J 
1" -------HI"!>------. 49'1-.;-----;-l/Tl'-t-----,i>c---.tz-5-----.-1 t>---- -1-.-'51r-- ---------------------

lli"b ,5613 ,':JUOc' ,7':J ,l'IO ,t'I t.5o 

15 llP7 ,62.rn ,%21 .84 ,\':if> ,2? I. 7'> 

14 

16 

20 

11 

l<l 

1 c 
11 

--- -OPtl-------.-b-lttd-~2 , ~-i--.1-12 • e i' ?.-;-tr--------------------------------------------- __ 1 

18 

21 

23 

up9 ,74hd ,&883 1.uo ,till ·"'-' 2.13 
UPIO .1:!113 ,7'.'>0ll l,O'I 0 .!0:S ,211 2.2~ 

---ill-' t-1 ---.-87 3 ti ---; ti I 3-3--1.-1 ti-------.;>- .-;>tt--t-;-',tJ------- ------- ------- ----- ----
UP 12 ,93b3 ,87b8 1,25 ,23'1 ,:SI 2. 75 
UPI! ,997B ,9383 1,51 ,21;0 ,:SI 2.87 

----tw1-11 'l1l ,9'Sll3 t.31 ,l:lu , 1;1 i!,b1 

FILt NANf: lUUL,H~XNU[ 

PAllAMtlEl-1::, At-It IJ~tu TO AUILl-lJkAFl ~IAIHH•w t1tX-MJI'>, 
COLUMN I COIH.AJIJS IRE DIAf·\EfER OF ilif BOLi IHAI 
VHLL f I I ll1E 11t:X•NUI THAI FULLUw:; (Iii; H1A I Lll•U, 
Wt1EN A r11:x-r1UT 1:; IllStkTt:lJ, lflt f•i<Ot'[re :.llr. 

--~---wASHEN ·1s -SEARCHED"FOll--p;~IJREHnEVEITrUl<TN'~s~E~.1~11~1~0~1,~ -------------------
t\Y LOOKlNb tJP fHt: APPIW~llJATE U!AMt Jtr< Ji; lliAl f !t<bl" CULUl•HJ, 
fUt<ltil:.t< IJUCUMtNTAlJOI' UN PAGt 1 AJJftl•l)HAfl ~lAIJlJAL :;tU!ll1• 

--.. ----. q -----,-------zi--1 ---------------- --------

5 T ANU AR[) Hi:X-1~1Jl; LULlH•1N I t;1Vt5 lllJL 1 ::Ult FllJ< llbl:I< l<l:~ft<t1•Ct 0 
hULI r.u. fLAf:; THICK lJffSEI 

10 ----11rrr---1-rw----·;-rm1--;<r31>----;z~'l-zi---------------

" Hl~2 '.>/lb .2':> ,5 .~bb .109 
12 HN3 3/1! .312 ,5b2 ,3c!d ,125 
13 ------11wlt--17T0----;3T5----;025----;3Ts----;T?.~----------

30 

::o 
31 

11 
1 



IG 

17 

" 

H11/5 1/2 0 4511 • 75 0 451! 
HN& 9/lb .5 0 1!75 .464 

.125 

.12'l ----wn--- --s/B------;'502 • Hn • .,--~--~------------------------------------------- ---·--
H 1H1 11/16 .b25 1.0 .594 0 125 
HN'l 3/4 0 bll8 1.0b .bSb .li'S 

- HNI u--11H- -- ----~ 75 ---1 ~-25 - --. n,o----;17s---------- ------------- ----·-- ------------ -----·-·-· ----------- -- -- ----

I ~J 

00 HN 11 1 • ~ 15 l • 4 4 • tt I~ • l t? '::> _·i: 

21 111~12 t•l/ll 1.on 1.1:12'J .9H4 .• 219 
------·Htti-r--i--y-q----r;-11!5 1.01 1.11.,----,-,,,.-------------

HNl4 l•J/H 1 0 25 2.0 1.2 
24 HN15 1•1/2 1.)75 2 0 19 1.31 

--------- ---------~-- ·-----------------
25 

:.m 

f!Lt l<AMU liJUL 0 SLLl~I' 

I • IJ1022b ~IWAt' lLAMi-' 1 lYi-'tl 
2 • CAWW·L~i;L S [><AP CLAMP 1 1 YPt:. I 

--;----~tUT I tt>· ~ fWAt'-tl:AMl'-.------4-rl'cc----- --· -------------- ---

fUl(lttEw 1Jl1Cl1Mt.NTAlll1N UN t'A1;t:.s ti ~ 3<1, AlJTll•lJWAF I ~·AIHIAl ::itcllUll/ IJ. 
______ :._ __ ·---·..--·"1;! __ .:._b __ lj __ ,__ --···- -----------·--

TlllJl A t1 C U JiiWtAli H 
• JJIU226·1 .'JU 1.00 2.75 .44 1.su .qi .5t?'J .5tt 
10 --------1·J1112i'b•l!-----. n-.-----i-.-~-3-;tto----;-'f~'J~Y---;-4tr 
)I IJIU2<'n•3 .bi' 1.20 4.oo 1.00 2.?.'l .5.~ .s ,Sb 
12 IJIU?.2b•4 0 h2 l.2u 5.0U 1 0 011 2.2'J ,'J5 ."> 0 'Jh 
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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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2. 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. 

3. 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. 

4. 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. 

5. As an effective le~rning 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. 
The optical designer provides PEP or FORTRAN programs that supply a number of op

tions: 

1. 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. 

2. A meridional ray trace program in which the operator can select appropriate rays for his 
mechanical requirements. Figure 3. The optical designer has built-in limits that prevent the 
operator from tracing invalid rays. 
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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 with the letler "F" at its entrance face. 
Views 1, 2, j, 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 

1. Active Interface 
2. Data Base of Optical Designs 
3. Optical Analysis 
4. Integrated Process Through CAD 
5. Learning Tool 

Figure 1 
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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 plac~d 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.F AN .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 build 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 recei:ving 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 of conditional statements. 

ADDITIONAL BENEFITS 
An additional benefit from the nodal drawing was realized after the data was input in the 

drawing. All of the tabulated data is accessible by data extract. The electrical data on the 
drawing is constantly being used by our engineers, and to have this data prioritized by the 
computer would be of great benefit to them. A sample of a data extract and listing is shown 
in Figure #13 and #14. 

l\~r'''J•l!l\ ,'t.~i·.::ti,.·,-i. 
01 NO ICM 
1Mll OU.•1NI 
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PX.FAN.~BCD.EXTRACT 

s-13-81 a:30:s9 

1 
> /UNIV.ITEMS/ 
> /COMP.ITEMS/ 
>DWG /IJNIY. PHXT. IF-TNOD-PROPNA,..E/ORAWING 
>SHELLDIR/UNIY.NTXT.IF-TNOD-PROPNA,..E/SHELLDIR 
>SHAFTDIR/UNIY.~TXT.IF-TNOD-PROPNA,..E/SHAFTDiff 

> BRNGUHH/utH Y. HTXT. IF-TNOD-PRQPNAl"E/BRNGLNTH 
>BOLTIX /UNIY.NTXT.IF-TI,OD-PROPNAME/BOLTIX 
>BRNGRAD /UNIY.NTXT.IF-TNOD-PROPNA,..E/SRNGRAD 
>EARS /UNIY.~TXT.IF-TNOD-PROPNA,..E/EARS 

>MOUNT /UNIY.HTXT.IF-TNOD-PROPNA,..E/~OUNT 

>PT /COMP.~TXT.IF-LAYER/~ 

>XN /COMP.NTXT.IF-LAYER/~7 

>LM /COMP.NT~T.!F-LBYER/2i 
>C /COMP.NTXT.IF-LAYER/14 
>XO /COMP.HTXT.IF-LAYER/22 
2 
>10000 
>72 
>7 . 
>13 
7 HEADER LINE 

5, s 
H 0 H D 
A r E I 
F A L A 
T L 

> Dli!G PT. 'R 8 
8 
>PT ,0,11,13,-1,0,2,0 
>XN ,0,27,31,-1,3,0,0 
>LM ,0,33,37,-1,3,0,0 
>C ,0,39;44,-1,3,0,0 
>XD .0.sa,62,-1,3.0,0 
>DWG ,0,01,09,-1,0.~.0 

>SHELLDIA,0.2~,25,-1,3,0,0 

>SHAFTDIA,0,15,19,-1,3,0,0 
>BOLTIX ,0,46,50,-1,3,0,0 
>BRNGLNTH,0,52,56,-1,3.0,0 
>BRNGRAD ,0,64,68,-1,3,0,0 
>EARS 
>MOUNT 

,0,73,70,-1,0,0,0 
,0,71,72,-1,0,0,0 

XN LM c 

c D E 

Figure 2 

L L 
s B N B E B E 
T C R G 0 G R R AM 
U I N T L T N A RT 
D· R G H T H G D s. 

F G H .J Ll'f 
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S>EDIT DATA.PROP 
IT349-356 

349 * 
350 EARS E004 3 

E005 3 
E006 3 
E007 3 
E008 3 
E009 3 
E00A 3 

FAN MOTOR OFF-SET MOUNTING 
351 MOUNT 
352 SHAFTDIA 
353 BOLTIX 
354 BRNGRAD. 
355 BRNGLNTH 
356 SHELLD~A 

TX."ASTER.&BCD.TAS 
5-13-81. :11.:24:43 

FAN MOTOR SHELL TYPE . 
FAN MOTOR SHAFT DIA. 
FAN MOTOR BOLT PATTERN 
FAN MQTOR BEARING RADIUS 
~AN MOTOR BEARING LENGTH· 
FAN MOTOR SHE~L. DI~ 

Figure 3 

DWG PT. A B C ~ E F G H j 

21C504719 003 19.S~ 6.190 e.000 9.373 s.0000 g,399 S.40 
21C504719 004 1.3.57 9.260 10.00 12.44 5.5000 11..46 a.47 
21C504719 005 13.57 9.260 10.00 12.44 S.5000 11..46 8.47 
218509000 001. 09009 3.570 :1.908 6.753 
210509000 003 09000 2.01.g 1..s20 4.s0e-
21ss09000 004 09000 2.ai0 1.a2e 4.2s0 
210509000 006 09e0e ~.570 1..9ee 7.250 
210509000 ais 09000 2.s.1.0 1.e20 6.2s0 ~.0000 e.000 a.00 
219509000 090 09000 3,579 1..905 4.750 0.0000 00.08 e-.00 
218509009 1.0i 09000 3. 573 1. 905 4. 759 EL 0008 00 . 00 0. 00 
210509001. 006 0900~ 2.060 1..24& 2.120 a.0000 00.0~ e.00 
218509001. 034·09001 3.579 1.905· 9.008 0.000& 00.00 9.00 
21850900i 068 09001 2.06a i.325 2.625 0.0000 00.00 8.00 
218509971 006 0997i 2.500 8.00& 3.8~3 9.0008 00.00 ~.00 
218509971 012 09971 ~.625 8.000 4.188 0.0000 08.00 0.00 
218509971 0:18 09971 2.500 0.000 4.188 0.0000 00.00 0.00 
210507650 031 .500· 5.610 2.100 5.810 13.000 1.838 .420 
21os07650 032 :see s.610 1.600 4.010 9.500 1.838 .420 
210507650 033 .500 S.610 2.350 4.810 13.000 1.838 .420 
210507650 334 . 500 S. 61.0 2.1.00 5. 560 13. 000 L 83S . 420 
210507650 035 .500 5.610 1.608 4.31.0 9.500 1.838 .420 
210507650 036 .500 s.~10 2.100 4.310 11.7s0 1.838 ,420 
210507650 037 .500 5.610 2.100 4.560 11.750 1.838 .420 
210507650 038 .500 S.610 2.100 4.81.0 1.3.000 i.838 .420 
210507650 039 .500 5.610 2.100 5.310 13.000 1.838 .420 
210507650 040 .509 5.61.0 1.600 4.31.0 9.500 1.838 .420 
210507650 041 .500 5.610 2.100 4.3:10 13.000 1.838 .420 
210507650 042 .500 5.610 3.500 4.560 8.120 i.838 .420 
210507650 043 .500 5.61.0 2.100 4.310 11.750 i.838 .420 
210507650 044 .500 5.61.0 2.100 4.310 13.000 1.838 .420 
210507650 045 .500 s:610 2.100 S.560 13.00~ 1.838 .420 
210507650 046 .500 5.610 2.100 4.310 13.000 1.838 .420 
210507650 047 .500 5.610 2.100 4.310 13.000 1.838 .420 
210507650 048 .500 5.610 2.100 S.060 11.750 1.838 .420 
210507650 049 .500 5.610 1.600 4.560 8.750 1.838 .420 
210507650 050 .500 5.610 1.600 4.560 8.750 1.838 .420 
210507650 051 .500 S.610 2.100 4.819 13.000 1.838 .420 

Figure 4 
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S.06 8.010 
8.1.3 3.50 
8.13 3.50 

0.00 0.00 
0.00 0.08 
9.00 0.00 
8.00 9.00 
0.00 0.00 
0.00 8'.00 
0.00 9.00 
0.00 0.09 
0.00 0.00 
.380 .750 
.500 .750 
.380 .750 
.380 .750 
.500 .750 
.380 .750 
.380 .750 
.380 .750 
.380 .750 
.500 .750 
.380 .750 
.380 .750 
.380 .750 
.380 .750 
.380 .750 
.330 .750 
.380 .750 
.330 .750 
.500 .750 
.500 .750 
.380 .750 
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039· 
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039 
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PX.&BCt).TAB 
5-12-8~ 17;20:53 

************************ ... ********************************************* 
** .... 
** THIS FILE ALLOWS THE USER TO ACCESS l'fAJOR TABULATED PARTS •• 
**" 
** 
** 
** 

THE USER "UST TYPE IM PART NUl'fBER CURRENTLY BEING WORKED ON1 
TABULATED PART NA"E AND NU"BER, AND USER INITIALS. 

•• .. 
•• 
** ** EXAMPLE AS FOLLOWS: ** 

**' PARAl15: <CR> 
** FILNAl't:D.DS18999.G00i.9-i.P088 
** NAl'IE: FAl'f 
** NUMBER: '2i.DS07658 832' <MUST BE BETWEEN DELil''fITERS> 
** USER:C.JZ 
**************TYPE.'CONTROL-X' TO CONTINUE************************<VAR> ' . 
************************************************************************ 
** ** 
*********" TYPE OF PARTS CURREKTLY ON FILE ************ 
** FAN l'IOTOR TYPE 'FAN' 
** COYER,PLENUl'f - TYPE 'TOPCOVER' 
** CAPACITOR - TYPE 'CAP' 

** 
** 
** 

** ** **************TVPE 'COHTROL-X' TO CONTINUE***************************** 
RUN PAREX PX.PAREX<YAR> 

• 
P:<.&BCD.PARE>C 
·s-1J-e1 13:ee:•e 

"' 2 FILNA" 
2 NAl'IE 
2 NUMBER 
2 USER 
H 
SAY DIS 258 
FILE<CR><CR>OK<CR>OK<CR> 

EXIT DG 
LOHGEDIT TX.1'1ASTER.1/F.72.255 
u 
&NUPIBER 
<CR> 
<CR> 
A TX.1'1ASTER.2 
OK 
•l 
CADDS 
Z.&USER 
<CR> 
l'IERGE FtLE 
TX. l'IASTER. TAB· 
TX.l'IRSTER.2 CPL25S 
1-13:1.-13<CR> 

15-1.9 :19-23 
21-25:29-33 
27-31.:39-43 
J3-37:49-S3 
39-43:59-63 

Figure 5 

Figure& 
(continued) 
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46-59:69-73 
52-56:79-83 
~8-62:89-93 
64-68:99-183 
70-79:123•123 
71-72:132-iJJ<CR> 

EXIT DG 
CYTECO TX."ASTER.2 
1:ZR,<ESC><CR><ESC><ESC>EX<ESC><ESC> 
E PX.&NA"E 
1)2-13 
X TX.MASTER.2.2-13.1 
F 
DELETE C03PRTS.Z.&NA"E.&USER/CO",RG9.RG1.RG2.RG3/LIST=NO 

t:FtDDS 
:.:tcNAME.&USER 

SEL LAY 0 
RUN PAREX PX.&HAME<CR> 

FILE<CR><CR>OK<CR>OK<CR> 
E:<IT ' 
DN&FILNAM i 
RST DIS 250 

Figure 6 (continued) 

5>LONGEDIT TX.MASTER.1/F,721255 
FORMAT.MODE 
DISPLAY RECORD MAXIMUM LENGTH • 72 
OUTPUT RECORD MAXIMU" LENGTH = 255 

. IT 
1!210000088 eee.1 A 00000.1 B 00000.1 c 00000.1 D 00000.1 E 00000.1 F 800~ 

/ e.1 G 00000.1 H 00000.1 J 00000.1 K 00000.1 L 00000.1 " 00000 

4>LONGEDIT TX.MASTER.2/F,72.255 
FORMAT MODE 

Figure 7 

DISPLAY RECORD MAXIMUM.LENGTH= 72 
OUTPUT RECORD MAXIMUM LENGTH = 255 

tT 
1!21D507650 033,1 A 0000.1 B 00000.1 C 00000.1 D ·00000,1 E 00000.1 F 0000r 

/ .1 G 0000,1 H 0000.1 J 0008,1 K 00000,1 L 00000,1 M 00000 

Figure 8 

50 



4>LOHGEDIT TX.MASTER.2/F,72,255 
FORMAT MODE 
DISPLAY RECORD MAXIMUM LENGTH = 72 
OUTPUT RECORD ~AXIMUM LENGTH = 255 

• 1!210507650 033.1 A .500,1 B 5.610,1 C 2.350,1 0 4.810,1 E 13.00,1 F 1.838 
I ,1 G .420,1 H .380,1 J .750,1 K 00000,1 L 00000,1 M 00039 

4>EDIT TX.MASTER.2 
I 

1!210507650 033 
2!1 A .500 
3!1 B 5.610 
4!1 c 2.350 
5!1 D 4.810 
6!1 E 13.00 
7!1 F 1.838 
8!1 G .420 
9!1 H .380 

10!1 J .750 
11!1 K 00000 
12!1 L 00000 
13!1 "' 00039 

PX. &BCD. FA,.. 
5-14-81 9:20:4~ 

&& 
1 A .500 
1 B S.610 
1 c 2..350 
1 I) 4.810 
1 E 13.00 
j, F 1. 838 
1 G .420 
1 H .380 
1. J . 750 
1 K 00000 
1 L 00009 
:1. 11 00039 
3 CENTER X0Y0Z0 
4 JJ J$2 
.u 
DEF ~IE~ AX-45 AY-45 AZ-35.267 
SEL VIEW 1 2 7 3 
USE PORT 2 

Figure 9 

Figure 10 

XPEP PE?.FAN<CR>&A,&B,&C,&D,&E,&F,&G,&H,&~.&L,&~<CR> 
INS STG DIA~&B: ORQ TAG Ci TAG C2 
INS STG DIAM&A: ORG TAG C3 TAG C4, ORG TAG CS TAG C6 
INS STG DIAM&JJ:ORG TAG C7 TAG ca.ORG TAG C9 TAG C10 
INS STG DIA~.272:0RG TAG C11. TAG C12 
INS STG DIAM.162:0RG TAG C13 TAG C14 
TAG ALL 
ROT COPY AZ90:TAG C11 TAG C12 TAG C13 TAG Ci.4 TAG 56 TAG 57,&CENTER,<* 
&CENTER,&CENTER 
ZOM SCL .156 APORT 

Figure 11 
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5 

a,c.o.E,F,G,H,S,L,~ 

,.JUl'IPTO/LF 

CENTER,0,0,-.1875,RADIUS,BB 
'CENTER,0,0,-FF,RADIUS,BB 
'CENTER,0,0,-GG,RADIUS,AA 
'CENTER,0,0,-KK,RADIUS,AA 
'CENTER,0,0,HH,RADIUS,AA 
1CENTER,0181LL,RADIUS,AA 
.0,JUMPTO/L30 
ICENTER,0,0,-FF,RADIUS,J 
/CENTER,0,0,-GG,RADIUS,J 
/CENTER,0,0,-.1875,RADIUS,J 
E/CENTER,0,0,HH,RADIUS,J 
.0,JUl'tPTO.ILF 
.E/CENTER,F,F,-.1875,RA~IUS, .186 
.E.ICENTER,F,F,0,RADIUS, .186 
.E/CENTER,F,F,0,RADIUS, .083 
.E/CENTER1F1F1H1RADIUS, .083 -. 

52 

Figure 12 



PX.ENG.FAN.EXTRACT.&BCD.2 
4-29-81 6:57:32 

1. 
> /UNIY.ITE"S/ 
> /COMP.ITEMS/ 
>DWG /UNIV.~TXT.IF-TNOD-f>ROPNAm:.IDRAWING 
>PT /COMP.NTXT.IF-LAYER/~ 

>MAOEFOR/COl'tP. NTXT. IF-LAYER/3 
>MOLNU~ /COMP.NTXT.IF-LRYER/5 
>HP /COl'tP.NTXT.IF-LAYER/7 
>NPRPK /COMP.NTXT.IF-LAYER/8 
>YOLTS /COMP.NTXT.IF-LAYER/9 
>CYCLES /COl'tP.NTXT.IF-LAYER/18 
>NPA"PS /COMP.NTXT.IF-LAYER/1~ 
>FANCAP. /COM~.NTXT.IF-LAYER/12 
2 
)1.9089 
>72 
>2 
)10 
7 
, DWG PT. "ODEL "ODEL NUl'tBER HP RPM 

8 
>DWG 
>PT 
>MADEFOR 
>MOLNUM 
>HP 
>NPRPM 
>VOLTS 
>CYCLES 
>NPAMPS 
>FANCAP 

,0,01.09.-1.0.0,0 
,0,11.13.-1.0.0.0 
.0.1s.20.-1.0,2,0 
.0.22,37,-1,0,1.0 
,0,39,42.-1.0,0,0 
,0,44,47,-1,0,0.0 
,9,49,55,-1,0.0,0 
,0,57,59,-1,0,0.0 
.0.60.63.-1,0.0.0 
.0.65.68.-1.0.0.0 

Figure 13 

YOLTS CY NPA CAP 

53 



rx.ENG.EXTRACT.&BCD.2 
4-29-81. 6:54:58 

DWG PT. "ODEL "ODEL NU"BER HP RP" YOLTS CY NPA CAP 

210507650 066 JE.10D KCP39CGE078RS 1.11.0 1075 230/208 60 0.82 4 
210507650 067 JF1.0A KCP39CG~089S 1./8 1.075 115 60 1..se 12.s 
210507650 068 F81.2rt KCP39CGE083S 1/6 ~09 230 59 1..00 4 
21.0507650 061. FE91.2A KCP39CGE268S 1.18 1.075.11.5 60 2.2e s 
210507650 079 JE807F KCP3~CGE279S 1./i.2 .1075 1.1.5 60 :1.28 7. 5 
210507650 093 JE1.0D KCP39CGE636S 1/1.0 1975 230/208 60 0. 70 ... 
21.0507650 08& JES07F KCP39CGE944S 1/:12 1875 1.15 60 1..20 7.5 
2:1.0507650 099' JE1..1D KCP39CGE946BS. U5 1430 230.1208 60 :1. s 5 
210507658 084 FHU KCP39CGE947S i./8 1.075- 230/208 60 0.99 ... 
2:10507650 086 RE:130 l<CP3'9CGE947S 1/8 1975 230/208 69 0.98 4 
210507650 088 JE1.00 KCP39CGE954S :1/6 1.075 230 60 1..19 .... 
210507650 0SS JE.101) KCP39CGF272S 1/6- 1075 230 60 1..18 4 
2:10507650 092 JC1.0 KCP39CGF450S L'1B 1075 1.iS 60 1.. 7 1.2.5 
21.0507650 063 F814~- KCP390GE262S 1./5- 1350 220/248 sa 1..60 5 
210507659 073 FE12D KCP390GE634S i./S 1075 230/208 60 1..20 5 
210507650 081. FC12D KCP390GE945S 1/8 1075 230/208 60 0".98 4 
210507650 097 F812D KCP390GF632S 1/8 1075 230/208 60 0.90 4 
21.0507659 101 FC.1.20 KCP390GF789S ua 1.075 230/208 60 0.80 4 
210507650 104 F91.2D KCP390GF791.S i./6· 1075 230/208 60 0.98 4 
210507650 109 Q8Q8A KCP39DGG438S 1/1.0 1075.1.15 60 1..4 7 ~-5 
210507650 070 F"812S KCP39EGE627S 1/8 900 230 50 1..00 4 
210507650 089 FR12D KCP39EGE955S vs 1075 230/208 60 1..30 s 
210507650 100 FN15D KCP39EGF630F 1/5 1075 230/208 6e 1.. 2 5 
210507650 1.06 DN18D KCPJ9EGF631AS 1/5 1075 230/208 60 1.. 2 7. 5. 
210507650 072 F91.4W KCP39FGE084S 1/4 1350 220/240 50 1..70 5 
210507650 077 DE91:3A KCP39FGE277S 1/5 1075 1.1.5 . 60 2.50 1.7.5 
210507650 074 F912 KCP39FGE942S 1/'3 1350 220/240 50 1..90 7.S 
210507650 095 XN18 KCP39FGF270AS 1./5 1100 2401220 50 1..60 5 
210507650 108 DE180 KCP39FGF647BS 1/S 1050 230.1208 60 1. .. 5 s 
210507650 064- D817W KCP39GGB849AS 1/3 1350 2201240 50 2.00 s 
210507650 062 FE909F KCP39HGE26iS 1/6 1.075 115 60 2.20 17.S 
21.DS07650 087 DR1.8D KCP39HGE9438S 1/6 :1.075 230/208 •• 1.10 4 
210507650 102 XN2i KCP39HGF785AS 1/4 1200 220/240 50 2.0 s 
21D507650 069 D817Y KCP39JGE085S 1/3 1.350 220/240 50 :1..60 5 
210507650 079 D917t.1' . KCP39JGE262S 1/3 :1.350 220/240: 50 1..60 7.5 
210507650 065 09230 KCPJ9KGE071.S 1/3 -1.625 230 60 2.00 10 
2:1.DS07650 105 XN2i KCP39KGF785S 1/3 1200 220/240 50 2.0 10 
21.0507650 071 D923W KCP39t1GE087BS 1/3 1350 220/240 50 2.1.0 7.5 
210507650 094 D923D KCP39"GE629AS 1/2 1625 230 60 2.30 10 
21D507650 075 06240 KCP391"1GE940S 3/4 1625 230/208 60 3.50 15 
210507650 076 0621.D KCP39MGE941S 1/3 1625 230/208 60 3.00 10 
21D507650 082 06240 KCP39MGF257S 31'4 1625 230/208 60 3.50 1.5 
21.D507650 083 06210 KCP39t1GF258S 1/3 1625 230/208 60 3.00 10 
21D507650 090.D624D KCP391"fGF4S4S 3/4 1625 230/208 60 3.5 15 
210507650 091 06210 KCP3911GF4S5S j./3 1625 230/209 60 3.0 10 
210507650 098 OR24D KCP3'91"fGF645S 1/4 1450 230/208 60 2.27 10 
210507650 096 XN24 KCP39NGF459S 1/3 1350 240/220 50 2.i0 7.5 
210507650 103 XN27 KCP39PGF784S 1/2 1350 220/240 50 2.0 10 
210507650 107 DN24D KCP39PGG427S 1/2 1625 230/208 60 3.0 12.S 

Figure 14 
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THE SHOCK ABSORBER -
AN EXAMPLE OF VARIANT DESIGN 

WITH VARPRO AT VOLKSWAGEN 

INTRODUCTION 

Egbert Elsholz 
Volkswagonwerk, AG 

Postfach 
3180 Wolfsburg 1 

Germany 

The most important benefit of CAD systems is the gain in productivity. The ideal system 
would have the following CV command: 

CON RAB DOORS 4 HP 75 CYLS 4 
(which stands for "construct Rabbit"). It would design a complete car called the "Rabbit" 
with all its components. The user would have to define the number of doors and the engine 
would be a four cylinder 75 hp engine. Unfortunately this is impossible today and will be so 
in future. 

Although it is not possible for a complete car it need not be for some of its components. 
One of these components might be the shock absorber consisting of a number of different 
parts, most of which are simple contours and can be described as rotational shapes. The 
typical shape of each of these parts will not be changed from one model to another, however 
the dimensioning of some of the geometrical data will be different, depending on the different 
forces, weight and other mechanical surroundings defined by the particular car model. 

Other examples for this application in the automotive industry could be brake design or 
parts of the engine like the crankshaft, camshaft, or gear. 

ANALYSIS AND AIM OF THE PROJECT 
We decided to program the shock absorber, because the pilot user in the research and 

development at Volkswagen was the axle design department who thus could make use of this 
technique first. The aim of the project was to generate technical drawings (20-information 
only) for further use in the prototype shop. 

Before starting this project we had to examine the different programming facilities within 
CV systems. We discussed the usage of PAREX or EXECUTE files, as well as PEP pro
grams; also programming in FORTRAN seemed to be possible. Finally we came to the con
clusion that VARPRO would be the tool to do this job. 

At that point we had our task defined and we had the tool to do it with. Now the discus
sions with the designers had to go into details. The problem is: the designers in general have 
not been educated in programming; likewise the programmers are not educated and experi-
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enced in designing. Also both groups talk in their own languages from which quite a few mis
understandings develop. 

On the evolutionary basis of trial and error we finally came to an agreement. The basic 
programming started in CADDS-3 Rev., 10.03 and used the old VARPRO revision. At the 
present we have a general structure running, as well as about half of the mechanical parts pro
grammed. A lot of work is still to be done. However, the new VARPRO with Rev. 11.0E will 
be used and should simplify a lot of problems. 
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? TYP-=O=LIST 

'********************************~***********-**************************/ 
I ZSB ZEJCHNUNGEN 
/ 
I 
/ 
./ 

/ 
I 
I 
/ 
I 
./ 
I 
/ 

ZSB DAEMPFERBEI.N 

ZSB BEHAELTERROHR 

ZSB ZYU.NDERROHR 
.ZSB KOLBENSTANGE YOLL 

ZSB KOLBENSTANGE 
ZSB KOLB.ST.FUEHRUNG 

ZSB KAPP.E 

J71 .. 412.031 
171.-412.032 
171.412 .033 
.171 .. 41.2 .034 
171 .-41 2.053 
J 71 • 4 12 .04.1 
171.412.050 
.IJl.4J2.07.I 
171.412.045 

.)( 

.x 

'******************·******·*******·**************************·*************1'11 I . 
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/ 
I 
I 
/*********************************************************************** 
'? V.A.R=O=:JO 
HEXEC VARPRO.EXECOI 
# 

RUN VARPJ?O 01(. V. GETP 4.1..ff. 2 
/*********************************************************************** 
I 
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/**********************************************************************~ 
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/*********************************************************************** 
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/ 
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/*********************************************************************** 
? FORM =-2= 
? SCALE=-2= 
#EXEC VARPRO. EXECOJ 
# 
# RUN VAliPHO DK.V.EXMPL.2 
#EXEC VARPRO.EXFCOJ 
EXIT 
fILl'.=F; DO.'H=J; P.EPLY=D 
NE.'~ PART=N; GOOf1£WE=G; ~Fr>L Y=G 
P Alff NAM F: DK • V. D .\ Elvl PF FR IDS CJ. 0. 0 7 f:3 14 
DATA BASE UNIT IS:IN 

CRF,TING NEW PART 
# 
I 
I 
I 
#EXFC 
# 

RUN Vft.HPRO DK.V.77.2 

TEST TEIL # 171.412.077 

VARPRO. EXECOI 

TEST T~IL # 171.412.017 
SEL Ll\Y 0 

#* 
# 
# INS LI~ :DJS XOYO,IXIO;LIG 

# 
#EXEC 
# 
If ~XEC 
# 
# 

# 
# 

RUN V M?PRO DK. V. RFfURN 
Vi\RPRO. EXECOI 

HUN VA.RPRO IJK.V.RAHMEN 
VARPJW. EXECOI 

SEL LAY 0 
UNH ALL 
ZOM EXT 
rILE 

FILING NAME:OK.V.77 
UK. V. f I 
PART ALREA~Y EXISTS 
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THE CONCEPT OF THE PROGRAM 
Section 1: Definition and Calculation 

Figure 4·3 

The overall concept of the program is shown in fig. 1. After initialization of the default 
parameters the user is questioned to select the desired variable data such as the diameter of 
the piston rod, maximum length of the shock absorber, maximum diameter of the outer tube, 
etc. This is established by first entering the name of the variable as shown in a schematic at 
the graphical screen (see fig. 2). The program outputs the default value of the desired variable 
and accepts any changes at that point. This can be done for as many values as necessary and 
as often as desired. 

The next step is the stress calculation of the most critical parts. As this problem is solved 
by relatively simple mechanical formulas, this process is integrated in the same program -
finite element analyses are not done at this stage. 

To calculate these data some more information is entered into the system, i.e. acting 
forces on the parts, material constants, position of the moving parts (drawn position, stan
dard position etc.). The result is output on the alfa screen (see table 1). Besides the geometric 
information, mechanical data is shown, like forces at different locations, bending moment, 
section modulus and maximum bending of the piston rod. 

61 



Table 1 

***** LAENGE = 192 MM ( length ) 
***** DURCHMESSf':R = 20 MM ( diameter ) 
***** KRAFT IN c = 337. 92 N ( force at location c ) 
***** KRA Ji''I' IN K = 249.92 N ( force at location K ) 
***** BI EG EMOMEN'I' IN c = 12496 NM ( bending moment at c ) 
***** WIDERSTANDSMOMENT = 785.397 MM**3 ( section modulus ) 
***** TRAEGHEI'I'SMOMENT = 7853.97 MM**4 (moment of inertia)· 
***** MAX. DURCHBIEGUNG = 0.179308 MM (max. bending ) 

At that stage of the program the designer might be content with what he created. If not, 
he could start all over again thus optimizing his part in a very short period of time. 

Section 2: Generation of Drawings 
The next section of the program will be entered on command of the user and will request 

the designer to select one of the parts to be drawn with the characteristical data he had de
fined in the previous section. The part is selected by entering the part number (nine digits and 
an index - if present). A list of these parts is shown in fig. 3 and can be reproduced on the 
screen. A number of assembly drawings are defined that are created by calling each of the 
detail programs in sequence. 

Another option for the user is to enter "ALL" which results in the program to generate 
a complete set of all parts at the time. 

In the next step the user is requested to help the program with organizational information 
for the output. He is asked to select a standard design formula of a desired size. (DIN AO 
through DIN A4). He also can tell the program about the scale of the drawing. If he does not 
enter a value for those requests default values are used that are defined in the routines. The 
default values will also be used if the complete set of drawings was selected. After that entry 
the user might send the program into background thus clearing the terminal for other work. 

The result of the program is one or more CADDS-3 parts in the CV data base. These 
drawings contain most of the necessary data. However, the user is required to have a critical 
eye on the results and .should - if necessary - complete the drawings with tolerances, general 
text, machining information etc. On the other hand the program will generate nongraphical 
data like the weight of the part automatically and note this value at the specified location in 
the drawing. Also other predefined nongraphical data like material information are entered 
into the drawing. After manual completion of the drawing the result can be drawn on a plot
ter or sent to other users. 

PROGRAMMING AND USER AIDS 
Similar to the online documentation facilities of CV this program offers the possibility of 

a HELP command at both major sections. This produces a list of possible commands at the 
alfa screen. 

For manual usage after the design process a layer description is included in each drawing 
on layer 255, so that anyone who can handle CV systems also can handle those drawings very 
easily. 

A selection of examples is shown in the appendix. 
A protocol of a dialog session is shown in fig. 4. The underlined information has to be 

typed in by the user. The result of this example is included in the appendix with the part 
number 171.412.077. 

Fig. 5 reflects a programming skeleton, which acts as a very effective programming aid. 
Because most of the parts of the shock absorber - as well as many other parts in civil 
engineering - are defined by rotational shapes, the general layout of the program describing 
these parts will be the same. Thus the skeleton requests the programmer to fill in the part 
specific data only. Parameier handling and layering will be organized identically, independent 
of the programmer and the time the program was created. 
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l'URTHER DEVELOPMENT 
Further development will be done on the project to connect this task to existing programs 

on other computers. On our Cyber mainframe in the computing centre several programs have 
been developed for kinematics calculation for the front axle, center of mass calculation for 
the complete car and others. The use of the results of these programs as input for the de
scribed program can be realized by replacing the user requests in step 2 with a data exchange 
with the mainframe via a HASP data link. 

Expanding this concept to other components of the car as discussed in the beginning will 
also be a way of proving the effectiveness of this technique. 
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IMPLEMENTATION OF FORGING LOAD 
AND STRESS ANALYSIS 

ONA 
COMPUTERVISION CADDS 3 SYSTEM 

ABSTRACT 

Ally Badawy, 
Carl Billhardt, 
Taylan Altan 

Battellis Columbus Laboratories 
505 King A venue 

Columbus, OH 43201 
614-424-7864, 7860, 7859 

Recently, approximate methods of analysis have been developed for predicting stresses 
and loads in impression die forging. These methods analyze a forging by considering it in 
terms of plane strain and axisymmetric cross sections. It is desirable to augment the drafting 
and NC capabilities of a stand-alone CAD/CAM system with the mathematical design analysis 
techniques used in forging die design. With this goal in mind, an existing method for 
calculating forging stresses and load has been implemented on a Computervision CADDS 3 
system. This paper describes the procedure used in this implementation and gives examples of 
the practical application of this new capability. 

BACKGROUND 
Forging is the process of bulk deforming a material (usually a metal) in order that a 

product of some desired geometry is generated. The forming takes place by placing the 
material between dies and then forcing the dies together. The dies can either be flat pieces 
(open dies) or sculptured in three dimensions (closed or impression dies). When impression 
dies are used, generally the dies do not close completely tight but rather leave a certain 
clearance all the way around between the dies. This clearance is called flash and is provided to 
give excess material a place to escape. The material which escapes to the flash is scrap and is 
trimmed from the part after forging. Generally open die forging is used when: 

• Parts are very large (i.e. giant crankshafts and rotors). 
• Part geometry is simple. 
• Quantity of parts to be made is low. 

Impression die forging is used under the opposite conditions: 
• Parts are small to moderately large 
• Part geometry is complex 
• Quantity of parts is large. 
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A special case of impression die forging is precision, trapped die or flashless forging. This 
process produces a highly defined part but requires special care in preparing the forging 
material and machining the dies. 

Based on tonnage and quantity of forgings, the impression die (with flash) process is the 
most used both in the U.S. and overseas. 

Among the factors considered in designing a set of dies is the maximum stress the dies 
will be subjected to, and the total force required to forge the part. The maximum stress must 
be considered to avoid overloading the die and cracking it. The level of stress will also affect 
the rate at which the die wears and therefore its expected life. The total force required to 
form the part determines the size of the equipment which must be used. If too small a press is 
used the part may not fully fill the die, or the press may be overloaded to the point of 
catastrophic failure. 

Until recently, estimating the load and stress on a die set was based on the judgment of 
an experienced designer. His estimate was based on comparing a propsective forging to similar 
ones he had worked on previously. A good designer was one who had more good estimates 
than bad estimates. However, he could always err on the conservative side and use dies or a 
press that were much larger than necessary. Both would avoid failure but at an unknown cost 
for oversizing. 

Using a designer's experience to estimate forging loads and stresses is becoming less 
reliable for two reasons. First, experienced designers are retiring with no trained people to 
replace them. Their experience is being lost. Secondly, new materials and forging processes are 
being developed for which there is no prior experience for guidance. This is especially true in 
forgings for the aerospace industries. For certain applications, materials are being developed 
for their high performance characteristics in critical applications (engines and air frame com
ponents). Once proved by the material scientist and the design engineer, it becomes the forg
ing engineer's problem to determine how to work the material into the desired form. The use 
of difficult to form materials had led to the development of new forging techniques, such as 
the isothermal and hot die forging processes where die materials are very expensive and die 
design for complex shapes becomes very critical. 

STRESS AND LOAD ANALYSIS 
The need for a practical method for predicting forging load and stresses led to the ap

plication of the "slab method" technique in a numerical and computerized form. (1,2)* The 
slab method can be used to estimate loads and stresses for plane strain (forging an infinitely 
long bar with material flow in two dimensions) or axisymmetric (part of rotation) flow. For 
this purpose the planes of metal flow are considered in a given forging, Figure 1 (1). Although 
techniques for analyzing three dimensional metal flow are being developed, they are not yet 
available for general use. They also require considerable computing time and power, and may 
only be suitable for execution on large, scientific processors. 

To function the slab analysis needs the following information: 

• The geometry of the upper and lower die surface at the cross section being considered. 
This geometry includes the flash width and thickness. From this geometry, a model of 
how the material will flow can be developed. Depending on the geometry, material will 
either flow by sliding against the die (sliding flow) or by internally shearing against 
itself (shear flow). 

• The flow stress of the material (its inherent resistance to deformation). This is not a 
single unique value but depends on the temperature and rate of deformation (strain 
rate). Generally, there is a direct relationship between strain rate and flow stress. In
creasing the deformation rate increases the flow stress. 

The deformation rate also has an indirect effect on flow stress. When forging at 
low speeds, the material is in contact with the dies for longer time than when forging at 
high speed, thus lowering the material temperature and increasing the flow stress. In 
addition to heat loss from the die affecting flow stress, there is also heat gain as a 
result of deformation and friction. The net effect of all of these variables is impossible 
to predict by judgment. 

*Numbers in parenthesis refer to References given at the end of the paper. 
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The slab method functions first by determining an approximate "flow surface" in a given 
cross section. The flow surface represents the approximate mode of metal flow in the section. 
The flow surface is divided into a series of trapezoidal elements (2). Knowing the geometry of 
each element, and the beginning flow stress and the friction factor or coefficient (sliding fric
tion or internal shear), the load and pressure acting on the element can be found, as seen in 
Figure 2 (3). In addition, the flow stress at the end of the element can also be determined. By 
working from both outside edges toward the center simultaneously, the total load, maximum 
stress, and average pressure can be determined for a section in plane strain. For an axisym
metric section, these values are found by treating the trapezoidal elements in order, from the 
flash to the centerline. 

IMPLEMENTATION 
The slab method for forging load and stress analysis has previously been implemented on 

different computers, including CDC-6500 and DEC-PDP 11/40 processors (4,5). The limita
tion of these implementations was that generating the definition of the section to be con
sidered was a cumbersome process. The section data was prepared off-line as a series of coor
dinates defining the polygon formed by the tangents at each corner or fillet. Each corner or 
fillet coordinate had a radius value associated with it. The designer would generate the data 
for sections of interest, and then process the data in an interactive or batch mode. Although 
he could interactively modify the flash dimensions, he would have to take his results back to 
his drafting table to complete his drawings. 

Recently, Battelle re-hosted this forging analysis on a Computervision CADDS 3 system 
using CGOS 200. This was implemented as the user-written function FORGE. The graphic in
formation indicated to FORGE by the user are two "strings" representing the upper and 
lower die surfaces, Figure 2. Modifiers pertaining to material and process conditions may be 
entered by the user following CV's conventional practices. The two input strings are generated 
using the GEN STG command. The strings may be generated left to right or vice versa, and 
either the top of bottom string may be indicated first. The only limitations placed on the 
strings is that they must be monotonic in X and when indicated, they must lie in a plane 
parallel to the current view. 

FORGE is written entirely in Fortran, and currently uses three coreloads. The major 
functions of these coreloads is: 

• Coreload 1. Modifier and Get Data processors, followed by formulation of material 
flow model. 

• Coreload 2. Calculation of material flow stress in the flash and cavity regions based on 
default or modifier values for such parameters as material code, die and stock 
temperatures, and ram speed. 

• Coreload 3. Calculation of load, maximum stress, and center of load. 

Sections may be generated either manually in 2-D or by using a cutting plane to section a 
3-D model. The results of FORGE are used in two ways. As each section is processed, the 
resulting stress values are used to determine if the flash dimensions need to be adjusted. A 
high stress may exceed the load carrying capacity of the die material. In this case, the flash 
would be opened to reduce its tendency to restrict the flow. If the stress if low, the material 
may not actually fill the extreme sections of the die cavity. In either case, the user would 
return to CADDS, modify the geometry as appropriate, and run FORGE again. 

The calculated results for stress, load, and center of load are output to the telewriter as 
printed numeric values. In addition, the calculated flow surfaces and the stress distrubition are 
plotted on the graphics display. 

The second way in which the output of FORGE is used is to obtain the load. This is 
done by keeping a manual tally for each section as it is processed. The sum of the individual 
loads can then be used to determine the press size needed to forge the part. 

A forging such as a connecting rod, Figure 3, can be correctly processed by FORGE even 
though it has some sections that are in plane strain flow and some that are in axisymmetric 
flow. The strain or flow condition to be used for a particular section is indicated as a 
modifier. 
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GENERATION OF THE FLOW SURFACE 
Towards the end of the forging stroke, material does not flow along the die surface at all 

points as the dies come together, Figure 2. In areas such as under tall ribs material in the rib 
stays stationary once the rib is filled. Below the rib, material continues to flow but by shear
ing within itself rather than by sliding across the die surface. The slab method uses the 
geometry of the flow (sliding friction or shear) surfaces rather than the actual die surfaces to 
predict stress and load. 

A concept for formulating the flow surface based on the geometry of the die surfaces was 
developed and implemented in FORGE. This is a new capability, not available elsewhere in 
such a general form. The flow surface formulation assumes that shear occurs whenever the 
angle of the die surface. exceeds 45 degrees. The friction factor or co-efficient for the trape
zoidal deformation elements are set as appropriate, based on this geometric consideration. 
Beneath a rib, flow often goes from sliding friction to internal shear and then back to fric
tion. The presence of ribs is automatically determined and the flow surface is modified 
accordingly. 

The procedure used to formulate the flow surface is known to fail with certain very com
plex die surfaces. However, the slab method of analysis is also not entirely valid for these 
geometries, and the user will be aware of a problem when he examines the display generated 
for the flow surface. 

VALUES OF FLOW STRESS AND FRICTION 
To estimate the stresses and the load in forging, it is necessary to know, in addition to 

the part geometry and the type of metal flow, (a) the flow stress of the deforming material 
under the forging conditions and (b) the friction at the die material interface. 

Estimation of Friction 
The friction shear stress, r, between two surfaces, sliding relative to each other, is given 

by r =ma I ..j3 =fa, where a is the flow stress of the deforming material and m is the friction 
shear factor (O<m< 1). When the material shears within itself, then friction is maximum, i.e. 
m = 1, and r is equal to the shear stress of the material. When material flows by sliding fric
tion over the die surface, then m is determined from a friction test. The test most commonly 
used for forging is the so called ring test (6). This test gives values of 0.05<m<0.15 for cold 
forging and 0.2<m<0.4 for hot forging. 

Estimation of Flow Stress 
For a given material, the flow stress (or the instantaneous yield stress), a, is influenced by 

(a) the amount of deformation or strain, (b) the rate of deformation or strain-rate, and (c) the 
deformation temperature. The amount of deformation is obtained from the initial and final 
heights of the forging. The deformation rate is determined by the speed of the ram and by the 
height of the forging. The temperature during forging is influenced by (a) the initial stock and 
die temperatures, (b) the heat transfer from the hot material to the colder dies and (c) the 
heat generation due to friction and deformation energies dissipated during forging. 

All three variables - deformation, deformation rate, and temperature - vary 
throughout the forging depending upon the geometry. Thus, for practical purposes, it is a 
reasonable assumption to consider these variables and consequently the flow stress, a, to have 
different average values (a) in the cavity or impression area and (b) in the flash region of the 
cross section. 

The present forging analysis software can either accept estimated values of the flow stress 
in the flash and cavity regions or it can estimate these values from the known process 
variables, i.e. die and stock temperatures, die closure speed at the time of die-material con
tact, heat transfer coefficient, forging material and friction factor. 
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EXAMPLES 
To evaluate the correctness and accuracy of the stress and load calculations, three 

examples were considered. Predictions were made with the design analysis implemented on 
Computervision and compared with experimental data or predictions made with other well 
proven techniques. 

Estimation of Forging Load for a Connecting Rod 
The blocker (preform) geometry of the connecting rod, Figure 3, was analyzed as an ex

ample, since detailed information and experimental load data were available from an earlier 
Battelle study (3). Figure 3 illustrates the geometry and the cross sections of this connecting 
rod as well as the direction of metal flow. For the purposes of the example calculation, metal 
flow in sections A-A and C-C is considered axisymmetric with a containing angle of 360 
degrees. In section B-B, metal flow is plane strain. The dimensions of the analyzed cross sec
tions are given in Figure 4. The input values for the flow stress and friction factor of each 
cross section are given in Table 1. The output values for forging load and maximum stress, 
for each cross section, are given in Table 2. 

For comparison, the results of the simple analysis given in Reference (3), the experimental 
results given in the the same reference, and the FORGE CAD system are summarized in Table 
3. As seen in Table 3, the results of the FORGE system are within practical engineering ac
curacy. The stress distribution and flow model for one of the cross sections (A-A) as dis
played on the Computervision's Designer II graphics terminal, are shown in Figure 5. 

Cross Section of an Isothermally Forged Titanium Part 
In an earlier study conducted at Battelle, a design analysis was made of the dies for 

isothermal forging of a titanium alloy connecting link, shown in Figure 6. For cross section 
J-J of Figure 6, the stresses and unit loads were calculated using the same values of flow stress 
(1000 psi) and friction (0.25) used in the earlier analysis. The stress distribution on the cross 
section (plane strain) is shown in Figure 7. The forging load estimated using CV-FORGE for 
the same cross section is 45 tons. The forging load estimated earlier in Reference (7) was 48.8 
tons. The small difference between the two predictions is essentially due to the slightly dif
ferent flow models used in both cases. 

TABLE t: 
INPUT VALUES FOR FLOW STRESS AND FRICTION FACTOR USED 

IN DIFFERENT CROSS SECTIONS OF CONNECTING ROD(3) 

Section P.-A Section B-B Section c-c 

Flov,· Stress in Flash 20,800 Psi 20,800 Psi 20,800 Psi 
Flow Stress in 
Friction Shear 

Forging Load 
Maximum Stress 

Cavity 
Factor 

18,000 Psi 17,000 Psi 
0.3 0.3 

TABLE 2: 
ESTIMATED LOAD AND MAXIMUM STRESS 

FOR THREE CROSS SECTIONS 

Section A-A 

164 tons 
136,790 Psi 

Section B-B 

109.0 tons 
107,513 Psi 

16,000 Psi 
0.3 

Section C-C 

57 tons 
104,566 Psi 
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TABLE 3: 
SUMMARY AND COMPARISON OF FORGING LOADS 

Total Forging 
Load (tons) 

Simple Analysis 
from Referen~e(7) 

311. 7 

The Main Bearing Cross Section of a Crank Shaft 

FORGE 
(CV Software) 

330 

Experimental 

321. 6 7 

In a previous Battelle study, the cross section of the main journal of a crankshaft forging 
seen in Figure 8, was analyzed. The same cross section, together with the same flow stress 
values in flash (20,000 psi) and cavity (12,000 psi) and friction shear factor (0.43), used is con
sidered here. The stress distribution on the given cross section is shown in Figure 8. The 
estimated forging load using CV-FORGE for the cross section is 257 tons. The forging load, 
estimated earlier with another Forging-CAD system, was 259 tons. 

LIMITATIONS AND AVAILABILITY 
The present version of CV-FORGE assumes the input sections are dimensioned in inches. 

The absolute size of the die sections are only used to determine the density of the trapezoids 
used for the slab analysis. Modifier inputs and calculated results are also given in English 
units. It would be possible, without great difficulty, to allow metric dimensions to be used. 

The FORGE software is available from Computervision. At the time of this writing (May 
1981), the exact method of obtaining the software and documentation was unknown. Inquiries 
would best be directed to Computervision, Bedford, Massachusetts. 

72 

Figure 1: Planes and Directions of Metal Flow During 
Forging of a Relatively Complex Shape. 
(a) Planes of flow 
(b) Finish forged shape 
(c) Directions of flow 
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,...... 2; Example Display of the Stress Distribution and the Flow Model 
Obt'9ined by Computer Aided Analysis of a Cross Section. 
Flash Thickness=0.100, Flash Width=0.300, Finish Area=2.85 in2, 

Forging Pressure= 163,167.8 PSI, Load= 1,006,770 lb acting at 
x = 0.020, Maximum Stress = 235,503.566 
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Figure 3: Geometry, Directions of Metal Flow and Representative Cross 
Sections of a Connecting Rod. 
(a) Cross Sectional Views of the Connecting Rod 
(b) Directions of Metal Flow - A= Axisymmetric P = Plane Strain 
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FLASH THICKNESS : a.to IN. 

FLASH LENGTH : 0.31 IN. 

LOW STRESS IN FLASH = Z0.800 PSI 

FLOW STRESS IN CAVITY = 18.000 PSI 

AU. nu..n -.1 MS .. IL 

• 

.: 

SECTION A-A 

Figure 4: Dimensions of the Blocker Cross Sections of the Connecting Rod, 
seen in Figure 3. 

74 

(a) Section.A-A 

.... 
Ul7 --~ .... 

... -----1----t 
rt.ASH THIC1CNESS • 0;.10 IN. 

rL.ASH LElllGTH • 0..31 IN. 

now STftESS IN rLAStt • zo.eoo PSI 

FLOW aRl!SS UI CAVITY • 17.000 P&l 

DRArT ANOLES ARE 7 DEGREES 

l 
T 

SECTION B-B 

Figure 4: (continued) Dimensions of the Blocker Cross Sections of the 
Connecting Rod, seen in Figure 3. 
(b) Section B·B 
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FLASH THICKNESS : 0.1 IN. 

FLASH LENGTH = 0.31 JN. 

FLOW STRESS IN FLASH = 20,800 PSI 

FLOW STRESS IN CAVITY = 16.300 PSI . 
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SECTION C-C 

Figure 4: (continued) Dimensions of the Blocker Cross Sections of the 
Connecting Rod, seen in Figure 3. 
(c) Section C-C 

Figure 5: An Example Cross Section, the Flow Model and the Stress 
Distribution, as Calculated and Displayed by CV-Forge System. 
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Figure 6: Plan View of a Titanium Alloy Connecting Link and the Sections 
Analyzed in Previous Study(7> ·· 
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STRESS DISTRIBUTION 

• • • • • • • • • • • • • • 

FLOW MODEL 

Figure 7: Stress Distribution on Cross Section J.J of the Connecting Link 
for an Assumed Flow Stress of 1000 PSl(7) 
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(Section Width •ncluding Flash= 7.6 inch, Section Height= 4.7' 
inch) 
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Figure 8: Main Bearing Cross Section of a Forged Crankshaft with Flow 
Model and Stress Distribution. 
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THREE-DIMENSIONAL DATA ANALYSIS 
USING COMPUTERVISION CADDS4 

David I. Terrill 
Dresser Magcobar 
10205 W estheimer 

Houston, TX 77042 
(713) 972-5972 

Any engineer required to analyze or report test results can appreciate the difficulty of ex
amining the reams of paper often generated by analysis programs or measurement tests. This 
paper presents a reasonably simple approach to display, verification, analysis, and documenta
tion of test data using the three-dimensional graphics and user-oriented programming capabil
ities of the Computervision CADDS4 interactive graphics system. 

The first requirement at Dresser Magcobar for a graphical display of test data was to 
display the results of an analysis program which had been generated on an engineering com
puter system. The program had output the results of seven different dependent variables, 
called "sensitivities" or uncertainties, by calculating their values through the ranges of the 
two independent variables, called "TFO" and "Ixy". The results were seven sets of data, 
each containing 703 data points. Because of the large quantity of data points, the data was 
very difficult to analyze, and manually preparing the data into a reportable form would have 
been prohibitively time consuming. 

The approach taken was to write all seven sets of data onto standard ASCII character 
code magnetic tape files, then to read these files into text files on the Computervision system. 
Then a short, simple PEP program was written to read all the data points and generate three 
dimensional points and B-spline curves from the data. Then, B-spline patch surfaces were 
created from the curves, the results were rotated into an orientation for optimum display, and 
the axes were labelled using three-dimensional model text entities. 

Figure 1 shows the PEP source file, Figure 2 shows a sample input data file, and Figures 
3 thru 5 represent the resultant graphics files for three of the dependent variables in this first 
application. FORTRAN formatted READ statements were used to read the input data. Since 
the values of the dependent variables were very small numbers (see Figure 2), and option for 
scaling the values of X, Y, or Z data was added at line 5 of the PEP source file, then the 
scale factors were added to the beginning of the data files. For this reason, the "sensitivity" 
values represented in Figures 3 thru 5 appear considerably larger than the annotation on the 
''sensitivity'' axis indicates. Also, certain occurrences of the data had infinite or indeterminate 
values, representing an error condition. These values were arbitrarily set to a large value and 
an option added to the PEP source file to revise the magnitude of the error condition for 
display purposes, as indicated by the "INF" annotation on the "sensitivity" axis. 

Having thus created a graphical representation of his data, the engineer is now able to 
interactively examine, verify, or plot his data. In addition, in this particular application, it is 

79 



important to the engineer to examine which area of "TFO" and "Ixy" fall within an accept
ably low value of "sensitivity". Assuming that ± 0.5 is his acceptable limit (reference Figure 
5), he can define a view and use Z - clipping to display only the portions of the B-spline sur
face that lie between the planes Z = ±0.5. This capability is illustrated in Figure 6. 

The same PEP source program, with minor modifications, can be used for a wide variety 
of different plot requirements. Another application is illustrated in Figures 7 thru 10, 
representing the results of test measurements in a survey area. Figures 7 and 8 show a rather 
"noisy" set of data points, and Figures 9 and 10 show a relatively stable set of points. 
Although the data in this case was generated manually and had to be manually input into the 
Computervision system, the entire project illustrated in Figures 7 thru 10 was accomplished 
with less than eight man-hours of effort. 

In addition to the many features provided by Computervision CADDS4 for Mechanical 
Design and Drafting, from conceptual design through analysis to final documentation, the 
system also provides Dresser Magcobar a significant capability for interactive analysis and 
reporting of test data. Even in cases with large numbers of data points, completely annotated 
graphics files can now be generated with about two man-hours of effort. In highly repetitive 
projects where several graphics files are created using similar data, part figures can be created 
for axis annotation and execute files created for drawing generation, reducing the effort to 
produce graphics files to little more than system execution time. 
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Figure 4: Graphics file containing 703 data points. 
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Figure 5: Graphics file containing 1369 data points. 
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84 

~-"9 
'5' ...>-

MAGNET IC FIELD INTENSITY 
5 FOOT SURVEY 

Figure 7: Graphics file for test measurement application. 



U1 
<{ 
2 
2 
<{ 
(.9 

INTE NS !TY 

50480 

50470 

50460 

50450 

50440 

50430 
I 

5042°-i-

504!0 

50400 

50390 

50380 i 
50370 

I 

50360 + 

I 

MAGNETIC FJELD lNTENS!TY 
5 FOOT SURVEY NORTH VlEW 

Figure 8: Orthographic view of data shown in Figure 7. 
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Figure 9: Graphics file for test measurement application. 
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APPENDICES 

A CUSTOMISED PROCEDURE 
FOR 

ASSEMBLY DRAWINGS 
AND LIST OF PARTS 

John Painter 
Computervision Centre 

1040 Uxbridge Rd. 
Hayes, Middlesex 

England 
1-561-2626 

1. Part Layering scheme 
2. The drawing sheet on balloons 
3. Figures - a typical application 
4. Programs and execute files. 

ABSTRACT 
Companies have many different reasons for acquiring CAD/CAM systems, but foremost 

in the requirements of most companies is the need to produce complex engineering drawings 
as quickly as possible. This paper outlines techniques for creating arrangement drawings 
quickly and easily using the facilities of the Computervision system. 

The techniques make use of a number of features of the system including 'VARPRO' 
programs to handle standard procedures, 'libraries' of standard and parameterised parts and 
'Data Extract' to generate information for a bill of materials report. 

Many experienced users are developing, or have developed, techniques such as these 
described here to satisfy various requirements, which include the need to produce assembly 
and arrangement drawings, layouts and tender documents for a variety of applications in 
mechanical engineering design and draughting. 

This paper is primarily directed to the newer users who may be looking for methods such 
as these to solve problems in such applications, but I hope a few of the more experienced 
u&ers will also pick us a few 'TIPS'. 
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THE METHOD 
The method uses a procedure for creating an engineering drawing which begins with the 

insertion of a standard drawing form. The actual drawing is created mainly by inserting stan
dard components, from a library of such items, with additional information inserted using the 
standard CADD's commands, as necessary. The information for the bill of materials is con
tained within 'balloons' which can be inserted with the library parts or separately. Data ex
tract procedures are used to create a bill of materials report. 

The techniques involve the use of EXECUTE files and V ARPRO programs to standar
dise and automate much of the work, some examples of these programs are included at the 
end of this paper. 

The details of the method, as described in the following paragraphs, are based on a par
ticular application at a particular company but the actual examples and the execute files have 
been modified to suit the needs of this presentation. Each application is individual and the 
techniques will be developed to suit the requirements of the particular application. 

THE DRAWING SHEETS 
The production of an engineering drawing begins with the insertion of a standard draw

ing format. 
Drawing sheets are held on the system in the standard sizes used by the company - AO 

to A3. Each sheet comprises two parts - an outline frame and certain other data to be in
serted into the engineering drawing as individual entities (i.e. as a 'part'), and fixed text and 
titling boxes to be inserted as a single 'figure'. 

The PART includes the outside edge and inside frame of the drawing, which may then be 
used for reference if necessary. It also includes 'text nodes' which describe the text to be add
ed to the titling box, defining its position, font, height and other parameters, as required. The 
TNODES also contain properties for use by the data extract procedure. 

The FIGURE contains the remainder of the drawing sheet, the internal boxing, the com
pany name and other annotation, symbols and other information contained in the company's 
standard drawing form. 

The parts that make up a typical drawing sheet are shown in Appendix 2 (figs. 1-3). 
Many variations on the theme may exist, for example the same fixed standard titling box may 
be inserted in various sized frames, or there may be a completely different layout for each size 
drawing. 

Layering conventions must be used, the particular requirements determine the complexity 
of the scheme. The layering scheme applicable to this example is given in the appendices: 

INITIALISING A DRAWING 
An engineering drawing is initialised by beginning a new part into which the drawing 

frame is inserted. To standardise and simplify the procedure a V ARPRO program is used to 
begin the drawing, insert a drawing sheet of the required size and set the layering and other 
parameters necessary. 

The VARPRO program X.DRG.RUN-BEG-lD, included in the appendices, satisfies the 
basic requirements for simple 2D drawings. Many applications require a more powerful pro
gram for complex 2D and 3D drawings whi~h would pre-define a number of 'parts' 
automatically. 

Also included in an execute file X.DRG.INS-TITLES which requests data and inserts it 
on the correct text nodes in the titling box. 

THE BALLOONS 
In an engineering drawing balloons are used to identify the individual items of an 

assembly and reference them to a parts listing. · 
Arrangement and assembly drawings are built up by adding parts which represent the 

items which make up the assembly. In many applications involving a schematic represeptation 
of the finished component, e.g. piping and printed circuit boards, the individual items are ad
ded as figures to provide a pictorial presentation of the assembly, however in many 
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mechanical engineering applications it is more convenient to add the items and sub assemblies 
as parts so that the individual entities can be modified to suit a particular need. To provide a 
textural description of the component, enabling a parts list to automatically be generated, a 
balloon is added as a figure. 

The balloons are parts comprising the necessary graphics, a circle, a connect node to 
which the string (a nodal line) is connected, and text nodes with properties to position the 
reference number and the remaining text. In this application it was more convenient to include 
all the descriptive information as text (on layers to be echoed off), in other cases it may be 
more satisfactory to add it as a property. 

The balloons are added to the drawing as a nodal figure and then connected to the item 
referenced by the nodal line which terminates at a small circle (with a connect node at its 
centre) on the item being referenced. Once added the balloons may be moved around very 
easily. Other methods of implementation include terminating the string with an arrow, and 
omitting the circle around the reference number (as in this particular application). 

Since there are many instances in which a balloon must reference an item which already 
has a description (in another view for instance) a 'null balloon', i.e. one without the property 
information, is also provided. The balloons are shown pictorially in Appendix 2 (figs. 4-6). 

USING THE BALLOONS 
The balloons can be added to the assembly drawing after the individual items have been 

inserted, however they are usually a part of the library part. They may also be added 
automatically after the item has been drawn (by a PEP or V ARPRO program). 

To simplify the insertion of balloons a number of V ARPRO Programs have been 
developed, X.B.INS-BALLOON and others are included in the appendices. A program for 
inserting balloons into 30 parts is also included. 

The method offers extreme flexibility since the individual parts of an assembly can be 
created in the most convenient manner only the balloon need conform to the standards 
required for the data extract procedures. 

THE LIBRARY PARTS 
An assembly drawing is generated by adding together items and sub assemblies which are 

held in a 'library of parts'. 
The library comprises the individual items and frequently used sub assemblies. Individual 

parts normally contain just the geometric description but sub assemblies may include cross
hatching, centre lines and hidden detail in the way in which they would normally appear in 
the finished drawing, some examples are given in Appendix 3 (figs. 1-2). The sub assemblies, 
and where appropriate the individual items, also include the balloons suitably annotated and 
placed in a position convenient for the finished drawing. Other annotation may be included to 
assist the user. Further examples are given in figures 3-7. 

The library also includes certain standard sections and views which are required for the 
finished drawing (figs. 8-9). Similar libraries in other applications may also include standard 
blocks of notes, data tables, and other similar items. 

The majority of the library items in this application have been constructed and stored as 
'parts' on the system, but many applications will make use of 'parameterised' parts generated 
using PEP and/or VARPRO programs which may automatically add the balloon after 
creating the part. 

The library is built up on an 'as needed' basis, i.e. the first time an item is required it is 
created and used, then it is filed as a library part for immediate use on the next occasion. 
Clearly it takes a little time to build up a useful library but a careful study of future needs 
and time spent on building an effective library will pay considerable dividends. 

CONSTRUCTING THE DRAWING 
The construction of the drawing is a straight-forward process. The various stages are 

shown in Appendix 3. After the drawing sheet has been inserted using the initialisation pro
cedure (fig. 10), the items and sub assemblies are added. Various stages in the insertion of the 
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first few items are shown (figs. 11-16), together with the completed main view (fig. 17). Alter
native methods of construction include building the views separately and inserting them into 
the drawing sheet on completion, a particular convenient method if the size of completed 
component cannot easily be ascertained at the start. 

The completed drawing is shown, with the titling block annotated (figs. 18-19) and final
ly the drawing ready for plotting (fig. 20). 

EXTRACTING THE BOM 
The list of parts (bill of materials) is obtained using 'data extract'. This package provides 

the facilities for extracting non-graphic information from a drawing to build a file of textural 
information, and may be used to create a variety of reports from a part or set of parts. 

The list of parts is created from the information contained in the balloons and certain 
header information is extracted from the titling box. The data to be extracted and the manner 
of presentation of the report is described by an 'extract definition file' (EDF). The EDF and 
the VARPRO program which runs the complete process are also included in the appendices. 

In this particular application there is a further requirement to post process the basic bill 
of materials report. The output from data extract is restructured to provide trailer lines for 
change information, double line spacing of items, a tally of the number off of each item from 
counts on the balloon, and other minor modifications. The report is then output to a line 
printer in a way such that it can be cut into A4 sheets that closely resemble the existing (non
computer generated) forms. Other applications are not, usually, as demanding! 

POST SCRIPT 
There are many different ways in which the methods outlined above can be implemented, 

each application must be examined individually. The basic procedure will be the same, but the 
drawing formats and balloons can be constructed to suit the standards of the particular com
pany. 

Many experienced users have already developed their own procedures, I hope that this 
paper will prompt other users to look at similar applications and help them to build their own 
methods. 
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APPENDIX 1 
PART LAYERING SCHEME FOR MDD APPLICATIONS 

The following pages define a general layering scheme for mechanical design and 
draughting and associated applications. 

LAYERS- SUMMARY OF LAYER ALLOCATION 
0 temporary work, construction etc. - to be erased on completion - not to be 

1-99 

100-199 
200-255 

NOTE 

drawn 
for design and draughting office use - inc. geometric description, drawing an
notation, etc. 
for associated applications or further design use depending on part requirements. 
for management information use and other non-geometric/ draughting informa
tion. 
Many other aspects of system management and administration depend on the 
layering strategy. It is important that it is well-defined, comprehensive yet not 
complex, and the number layers allocated should be kept to a minimum with 
room for future development, and tailoring. 

LAYERS - DRAWING MANAGEMENT INFORMATION AREA 
201-209 balloon graphics and text and/or similar data in drawing views for part list infor

210-229 
230-239 

240 
241 
242-243 

244-249 
250 
255 
NOTE 

mation. 
reserved for future development for drawing management systems. 
engineering information - mass properties and flow/stress analysis calcs and 
results. 
drawing frame - outer edge of sheet and inner frame, 'keep in' area. 
drawing blank outlines and title block lines, company name and similar data. 
text and figures in drawing blank for pen thicknesses - fine (242) and standard 
(243). 
other text on standard sheet for specific applications, used as necessary. 
text nodes and text for title box data, (spread to following layers if necessary). 
textural description of information contained in this part (kept to a minimum). 
The actual number of layers allocated is small - there is considerable room for 
future development and tailoring to satisfy particular requirements. 
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APPENDIX 2 
FIGURES THE DRAWING SHEET AND BALLOONS 

Fig. 1 the drawing frames and text nodes. 
Fig. 2 the text nodes in the titling box. 
Fig. 3 the titling box figure. 
Fig. 4 the balloons showing annotation. 
Fig. 5 the balloons echoed for drawing. 
Fig. 6 the balloons showing the properties. 
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APPENDIX 3 
FIGURES A TYPICAL APPLICATION 

Fig. 1-2 library part sub assemblies 
Fig. 3-7 library parts showing annotation. 
Fig. 8-9 library part section and view. 
Fig. 10 the drawing sheet inserted. 
Fig. 11 the first part inserted. 
Fig. 12 unnecessary annotation removed. 
Fig. 13 the second part inserted, 
Fig. 14 and suitably re-arranged. 
Fig. 15 the third part inserted. 
Fig. 16 the fourth part inserted. 
Fig. 17 the completed view. 
Fig. 18 the completed drawing. 
Fig. 19 the titling box. 
Fig. 20 the drawing ready for plotting. 
The list of parts report. 
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APPENDIX 4 
PROCEDURES PROGRAMS AND EXECUTE FILES 

1. initialise a new engineering drawing. 
2. insert data in the title box. 
3. insert a balloon and its annotation. 
4. insert a dummy balloon and a number. 
5. insert balloons and text in 3D parts. 
6. insert dummy balloons in 3D parts. 
7. insert balloons and their strings. 
8. provide annotation for the balloons. 
9. run the BOM report procedures. 

10. an EDF for MD applications. 

JR?.D.X.DRG.&BCD.RUN-BEG-10 
6- 2 5- 8 1 1 2 : 3 3 : 4 2 

1 ! PRiH 
2!PRNT THIS FILE IlHTIALISES A NEW ENGINEERING DRAWING 
3!PR~T ############################################### 
4 ! PR:~T 
5!PRNT A NEW PART ~ILL BE INITIALISED WITH THE DHAWII~ 
6! PR.JI BLANK INSERTED AND THE LAYERS ETC INITIALLY SET 
7!PRNT 
B!PRNT THE CURRENT PART WILL BE ABANDONED 
9!PRNT FILE NOtl IF IT IS TO BE PRESERv'ED 

1 O! <VAR> 
1 l !EXECV 
12 ! PR:n PLEASE SPEC I FY 5 I ZE OF DRAW I NG BLANK - AO : 0 
13 ! PR;~T 
14!SIZE=O 
15!READ (DRAWING SIZE ? : > SIZE 
16 ! PR:~T 
17!EXIT<CR>DG<CR> 
18!CADDSCLR<CR>OK<CR><CR-> 
l9!DUMMY.GRAWING/DBU=MM 
20!0K 
21 !RSI KEY ME.12.D.l 
22!SEL LAY 240 
23!ECH LAY 240-250 
24!I~~S PART JRP.D.ORGSHT.ACSIZEJ.PRT BLAY 240 
25!INS FIG JRP.D.DRGSHT.A[SIZEl.FIG: XOYO 
26!SEL LAY 1 
27!ECH LAY P l-99 
2S!ZOM ALL P2 
29!* 
30 ! * -*****·* END OF THE EXECUTE FI LE ****** 
31 ! * 
32!* .PART IS NO~~ READY FOR DETAILS TO BE ADDED 
33!* 
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JRP.D.X.DRG.&BCD.INS-TITLES 
6-25~8 I I 2: 33: 42 

I * 
2 * THIS EXECUTE FILE INSERTS DATA IN THE TITLE BOX 
3 * *********************************************** 
4 * 
5 * PLEASE PROVIDE THE INFORMATION AS REQUESTED 
6 * 
7 ZOM WIN: <VAR> 
8 * ) * SPECIFY THE DRAWING NUMBER 

10.INS NTXT S<VAR> S SEQ102 
1 1 ! * 
12 ! * At-;D THE DRAW ING DESCRIPTION 
13!INS NTXT S<VAR> S SE0104 
14!* 
15 ! * GIVE THE SHEET NO THEN THE NUMBEf? OF SHEETS 
16! INS NTXT SS<VAR> S<VAR> SS SE0106 
17 ! * 
18 ! * NOW PROV IDE THE DEPARTMENT CODE 
I 9 ! I NS NT X T $ < VA R > $ SEQ I 1 6 
20!* 
21 ! * FINALLY THE DATE AND YOUR NAME 
22!INS HTXT SS1981S<VAR> S<VAR> SS SEQJ20 
23!* 
24!* ******* THAN.<YOU ******* 
25!* 

JRP.D.X.B.&BCO.INS-BALLooN 
7- 2-81 10:47:27 
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I ! PRNT 
2!PRNT THIS PROGRAM li~SERTS A BALLOON AND ITS ANIH>TATION 
3!PRNT ################################################# 
4 ! P R1'1T 
5 ! PRNT THIS PROCEDURE INSERTS ONE BALLOO!J WI TH ITS 
6!PRiH STRING AND ADDS ANNOTATION FOR A BOM REPORT 
7!PRNT 
8!SEL LAY 201 
9!EXECV 

!O!PRNT DIGITISE FIRST THE POSITION OF THE BALLOON 
11 ! PRNT SECONDLY THE POS III ON ON THE ITEM REFERENCED 
12!PRNT 
13!BX=O 
14!BY=O 
J5!AX=O 
16!AY=O 
17!DIGI CVDIG> BX,BY 
lB!DIGI CVDIG> AX,AY 
19! IF CBX.EO.o.crn.BY .E0.0) GOTO LABEL9 
20! INS NFIG JRP.D.X.FIG-BALLOON : XCBXJYCBYJ 
21!INS CIR R0.5 : XCAXJYCAYl 



22! INS CNOD X[AXJY(AYJ 
23!1NS NLIN : XlBXlY.[BYJ,XlAXJY[AYJ 
24!<CR> 
25!EXECV 
26!PRNT THIS SECTION PROVIDES ANNOTATION FOR THE BALLOONS 
27 ! PRi~T 
23 ! PRNT NDTE : ~ PLEASE FOLLOW THE I NSTR!JCTI ONS CAREFULLY 
29!.PRNT TEXT MUST NOT EXCEED STATED NUMBER OF CHARACTERS 
30!PRNT 
31!PRNT CrlARACTER. 1-20: 12345678901234567890 
32 ! READ CENTER POS - 3 : > &POS 
33!READ CBENENNUNG - 21" f ) &BEN 
34 ! READ C NORM NR - l 4 : > &NRM 
35!READ <STUECK AUS - 3 :. > &STK 
36 ! READ ( WERKSTOFF - 8 > &Y:RK 
37 ! RE AD C ii OHM ASS - 18 : ) &RHM 
38!READ COIN NUMMEH - 5: ) &DIN 
39!READ (BEMERKUNG - 16 : > &BMK 
40!READ CVORRAT? - 6: ) &LGR 
4 l ! I NS NTXT < * 
4 2 ! s $ [ & Po S J $ [ & BEN l s [ & N RM J s I & ST K J s < * 
43![&ti'RKJ SI&RHMJ Sf&DI1~J S[&BMKJ S[&LGR1 $$ <* 
44 ! NF IG : X [ BXJ Y l BY l 
45!#LABEL9 * 
46!* ******END OF VARPRO PROGRAM ****** 
47!* 

JRP.D.X.8.&BCD. INS-BLN-NUL 
7-2-81 10:48:11 

1 ! PRi~T 
2 ! PRNT T~ IS PROGRAM I16ERTS A DUMMY BALLOON Al~D A NUMBER 
3!PRNT ################################################# 
4!PRNT 
5 ! PRNT TH IS P~OCEDURE I i~SERTS ONE BALLOOl~ WITH ITS 
6 ! PRNT STRING BUT \·~ ITHOUT ANlWT ATI ON f OR THE SOM ! 
7!PRNT 
8!SEL LAY 201 
9!EXECV 
IO!PR:~T DIGITISE FIRST THE POSITION OF THE BALLOON 
11 !PRNT SECONDLY TllE POSITION ON THE ITEM J.<EFEiiENCED 
12!PRNT 
13!BX=O 
14! BY=O 
15!AX=O 
16!AY=O 
17!DIGI CVD!G) BX,BY 
18!DIGI CVDIG) AX,AY 
l9!IF CBX.EO.O.OR.BY.EQ.0) GOTO LABEL9 
20! INS NFIG JRP.D.X.FIG-B!-NNJLL : XLBXJYCBYJ 
21 ! INS CIR R0.5 : X[AXJY[AY J 
22! INS CNOD : X(AXJY(AY) 
23!INS NLIN: XlBXJYIBYJ,X(AXJY[AYl 
24!<CR> 
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25!EXECV 
26!PRNT THIS SECTION PROVIDES ANNOTATION FOR THE BALLOONS 
27!PRNT 
29 ! PRNT NOTE :- PLEASE FDLU)W THE INSTRUCTIONS CAREFULLY 
29 ! PRNT TEXT MUST NOT EXCEED STATED NU!~BER OF CHARACTERS ! 
30!PRNT 
31!READ !ENTER POS - 3:) &POS 
3 2 ! I NS NF I G s s [ .& Po S ) S S NF I G : X [ BX J Y [ BY J 
33!#LABEL9 * 
34 ! * ****** Ei~D OF VA RP RO PROGRAM ****** 
35!* 

JRP.D.X.B.&BCD.INS-BLN-3-0 
7- 2-81 15:29:53 
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1 !PR;H 
2 ! PRJ~T THIS PROGRAM INSERTS BALLOOl~S & TEXT IN 30 PARTS 
3!PRNT ################################################ 
4 ! PRiH 
5!PRNT THIS PROCEDJRE INSERTS BALLOONS IN 3-D 1\'ITH 
6!PRNT STRING AND ADDS Ai~i~OTATION. FOR A BOM HEPORT 
7!PRNT 
8!PORT=2 
9!READ CPLEASE SPECIFY THE PORT : ) PORT 

lO!PRNT 
1·1 ! IF CPORT=2) GOTO LBL2 
12!IF CPORT=3) Geno LBL3 
13!IF CPOtH=4) GOTO LBL4 
14 ! PRi~T PORT tWT ALLOl'IED - MUST BE ?ORT 2 3 4 
l~!GOTO LBL9 
16 ! #LBL2 USE PORT 2 
17!VIE1~=2 
1 8 ! SE L LAY 2 02 
19!ECH LAY P202 206-209 
20!GCJTO LBL6 
21 !.#LBL3 USE PORT 3 
22!YIEW=I 
23!SEL LAY 203 
24!ECH LAY P203 206-209 
25!GOTO LBL6 
26 ! #LBL4 USE PORT 4 
27!VIEW=5 
2B!SEL LAY 204 
29!ECH LAY P204 206-209 
30!GOTO LBL6 
31 !#LBL6 
32!SEL YCON 
33! SEL DEP 0 
34!EXECV 
35 !.#LBL 7 PRNT 
36!PRNT DIGITISE FIRST THE POSITION OF THE BALLOON 
37!PRi'JT SECONDLY THE POSITION ON THE ITEM REFERENCED 
38 ! PRNT 
39!PRi~T PLEASE DIGITISE IN !!! PORT IPORTl : VIEW [VIEW) !!! 
4J! PRNT 



41 ! BX=O 
42!BY==O 
43!AX=O 
44!AY=O 
45!DIGI CVDIG> BX,BY 
46!DIGI CVDIG) AX,AY 
47'lF CBX.EQ.O.OR.BY.E0.0) GOTO LBL9 
4i3 INS NFIG JRP.D.X.FIG-BALLON FROMVUlTOVUCVIEWJ:X[BXJYCBYJ 
49 INS CIR R0.5 : XCAXlYCAYJ 
50 INS CNOD i X[AXJY[AY] 
51 
52 
53 
54 ! 
55 ! 
56! 
57! 
58! 
59! 
60! 
61 !INS NLIN: X(BX-7JYCBY-7J,X[AXJY(AYl 
62 ! <CR> 
63!EXECV 
64!PR.H THIS SECTION PROVIDES ANNOTATION FOt< THE BALLOONS 
65!PRNT 
66 ! PR NT NOTE : - PLEASE F OLLO~ THE INSTRUCTIONS CAREFlJLL Y 
67!PRNT TEXT MUST tJOT EXCEED STATED NUMBER OF CHARACTERS 
68!PRNT 
69! PHNT CHARACTER 1-20 : 12345678901.234567890 
70 ! READ (ENTER ?OS - 3 ) &POS 
7l!READCBENENNUNG-21 ) &BEN 
72 ! READ C NORM NR - 14 ) &NRM 
73!READ CSTUECK AUS - 3 ) &STK 
74 ! READ C WERKSTOFF - 8 ) &~RK 
75 ! READ < l:WHMASS - 18 ) &RHM 
76!READ <DIN NUMMER - 5 > &DIN 
77!READ <BEMER~UNG - 16 ) &BM~ 
78!READ CVORRAT? - 6 ) &LGR 
79 ! I NS NTXT < * 
80!SS [&POSJ S[&BENJ S(&NKMJ S[&STKJ S<* 
81 ! [&trnKJ S(&RHMJ Sf&DINJ S(&BMKJ Sf&LGRJ $$ <* 
B2!NFIG : XCBXJYCBYJ 
83!EXECV 
84 ! PRiff 
85 ! &A i'~S= II N 0 11 

86 ! READ <ANOTHER BALLOON - Y /N ? : ) &ANS 
87! IF C&.ANS.E0. 11 Y11 > GOTO LBL7 
88!#LBL9 * 
89 ! * ****** END OF V ARPRO PROGRAM ****** 
90!* 
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JRP.O.X.B.&BCO.INS-BLN-030 
1- 2-s 1 15: 30: 50 
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1 ! PRrff 
2!PRNT THIS PHOGRAM Ii~SERTS DUMMY BALLOONS II~ 30 PARTS 
3!PRNT ############################################### 
4!PRNT 
5 ! PRNT THIS PROCEDUl-?E INSERTS BALLOONS IN 3-0 fl ITH 
6!PRrH STRING BUT WITHOUT ANNOTATION FOR THE BOM ! 
7!PRNT 
8!PORT=2 
9 ! READ C PLEASE SPECIFY THE PORT : > PORT 

IO!PRNT 
II !IF CPORT=2> GOTO LBL2 
12!IF CPORT=3> GOTO LBL3 
13!IF CPORT=4) GOTO LBL4 
14!PRNT. PORT NOT ALLOV'iED - MUST BE PORT 2 3 4 
15!GOTO LBL9 
16!#L3L2 USE PORT 2 
17 ! V IE1~=2 
18! SEL LAY 202 
19!ECH LAY P202 206-209 
20!GOTO LBL6 
21!.#LBL3 USE PORT 3 
22!VIH~=l 
23!SEL LAY 203 
24!ECH LAY P203 206-209 
25!GOTO LBL6 
26 ! # LBL4 USE PORT 4 
27!VIEW=5 
28!SEL LAY 204 
29!ECH LAY P204 206-209 
30!GOTO LBL6 
31 !#LBL6 
32 ! SEL VCO.N 
33!SEL DEP 0 
.34!EXECV 
35 1 #LBL7 PRNT 
36 PRHT DIGI.TISE Fil-?ST TrlE POSITION OF THE BALLOON 
37 PRNT SECONDLY THE POSITION ON THE ITEM REFERENCED 
38 PRNT 
39 PRNT PLEASE DJGITISE IN !!! PORT IPORTJ : VIEW [VIEW] !!! 
40 PRNT 
41 BX-=O 
42 BY=O 
43 AX=O 
44 AY=O 
45.DIGJ CVDIG> BX,BY 
46!D1GI CVDIG> AX,AY 
47!IF CBX.EO.O.OR.BY.EO.O> GOTO LBL9 
48! INS NF1G JRP.D.X.FIG-BL~:~uL FRO/\!VUlTOVUCVIEr:J:XCBXJY[BYJ 
49!INS CIR R0.5 : XCAXJYCAYJ 
50! INS CNOD : XCAXJYCAYJ 
5 J ! 
52! 



53! 
54 ! 
5:5! 
56! 
57 ! 
58! 
59! 
60! 
6 1 ! I NS NL I N : X ( BX-7 l Y C BY - 7 J , X [ AX J Y ( A Y J 
62!<CR> 
63!EXECV 
64 ! PRJH TH IS SECT ION PROV IDES ANNOTATION FOR THE BALLOONS 
65!PRi~T 
66!PRNT NOTE :- PLEASE FoLUWJ THE INSTRUCTIONS CAREFULLY ! 
67 ! PRi~T TEXT MUST !~OT EXCEEO STATED NUMBER OF CHARACTERS ! 
68!PRNT 
6'9!READ CENTER POS - 3 : > &POS 
70!INS NTXT SS CPOSJ SS NFIG: XlBXJYCBYl 
71 !EXECV 
72 ! PR1~T 
7 3 ! &ANS= II NOii 
74!READ <ANOTHER BALLOON - Y/N ? : > &ANS 
75!IF C&Ai'~S.E0. 11 Y 11) GOTO LBL7 
76!#LBL9 * 
77!* ******END OF VARPRO PROGRAM ****** 
79!* 

JRP.D.X.B.&BCD.INS-BLN-FIG 
6-25-81 19:47:27 

1 ! * 
2!* THIS EXECUTE FILE INSERTS BALLOONS Ai~D THEIR STRINGS 
3! * **************************************************** 
4!* 
5 ! * TH IS PROCEDURE ENABLES A ~JUMBE R OF BALLOONS 
6!* ;'IITH THEIR STRINGS TO BE INSERTED MOHE EASILY 
7!* 
9!* DIGITISE FIRST THE .POSITIONS OF THE BALLOON 
9!* SECONDLY THE POSITIONS ON THE ITEM REFERENCED 

10!* THIRDLY AGAIN THE SAME POSITIONS ON THE ITEM 
11 !* Fii~ALLY CONNECT THE Tvrn WITH TWO OIGITISES EACH 
12 ! * 
13!SEL LAY 201 
14! INS NFIG JRP.O.X.FIG-BALLooN : <VAR> 
13!INS CIR R0.5 : <VAR> 
16! INS Cl~O[) Ch?G CIR <VA'H> 
17!INS NLIN <VAR> 
18!* 
19!* ****** END OF EXECUTE FILE ****** 
20!* 
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JRP.D.X.B.&BCD.INS-BLN-TXT 
6-25-81 17:57:26 

1 ! PRNT . 
2 1 PRNT. THIS PHUGRAM PROVIDES ANNOTATION FOR THE BALLOONS 
3 PRNT ################################################# 
4 PRNT 
5 PRNT NOTE :- PLEASE FOLLOW THE INSTRUCTIONS CAt?EFULLY 
6 PRi'U TEXT .\\UST NOT EXCEED STATED NUMBER OF CHAHACTERS 
7 PRi~T 
8 PRNT CHARACTER 1-20 : 12345678901234567890 
9 READ C EiHER POS - .3 : ) &PDS 

I 0 READ <BENE NNUNG - 21 > &BEN 
11 • READ C NORM NR - 14 1 ) &Nt?M 
12!READ CSTUEC~ AUS - 3 : > &STK 
13 ! READ C WERKSTOFF - 8 : ) &WRK 
14 ! READ C IWHMASS - 18 : ) &RHM 
15!READ COIN NUMMER - 5: ) &DIN 
16!READ CBEMERKUNG - 16 > &BMK 
17 ! READ C VOHRAT ? - 6 1 > &LGR 
18 ! I NS NTXT <-* 
IY!S$ l&POSJ .S[&BENJ Sl&NRMJ S[&STKJ S<* 
20.!C&WRKJ S[&RHMJ sC&Dii~J S(&BMKJ SC&LGRJ $$ <* 
21 !NFIG : <VAR> 
22 ! * 
23 ! * ****** END OF VARPRO PROGRAM ****** 
24!* 

JRP.D.X.DRG.&BCD.RUN-BoM-OP 
6-2~-81 }4:17:53 
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1 ! PRNT 
2!PRNT THIS PROGRAM HUNS THE SOM REPORT PROCEDURES 
3 ! PRin ##############.############################# 
4!PRNT 
5!PRNI THE CURRENT PART ~ILL BE ABANru>NED 
6'PRNT FILE NCH~ IF IT IS TO BE PRESERVED 
7 <VAR> 
8 EXECV 

·9 READ <PLEASE SPECIFY PART NAME : > &PART 
10 READ CUEXT THE BOM REPORT NAME : > &NAME 
.11 PRNT 
12 EXTR DATA JP.SOM.EDF.PS ?ART C&PARTl NAME ZEIT.JPBOM.PS.EXTR 
13.<CR> 
14!HUN BOMSTK 
15!ZEIT.JPBOM.PS.EXTR 
16!ZEIT.JPB<>M.PS.TEIL 
17!ZEIT.JPBOM.PS.SEIT 
l8!<CR> 
19!RUN BOMFIN 
20!ZEIT.JPBOM.PS.SEIT 
21!ZEIT.JPBOM.PS.TEIL 
22!C&NAMEJ 
23!<CR> 



24!EXIT 
25!DG 
26!DELETE ZEIT.JPBOM.PS//NLEV 
27!* 
28! * ****** END OF BOM REPORT PF?OCEOLJRE ****** 
29!* 
30!* ****** nN PARTNAME C&PARTJ 
31 ! * 
32!* ******REPORT FILE: C&NAMEJ !!! 
33 ! * 

JRP.D.DRG.X-EDF.&BCO.BOM 
7- 1-81 18:50:47 

I!* 28-NOV-80 JRP <CVE) : VERSION l 
2!* 
3 ! * REFEHENCE - J. R. PA I l~TER - CVE HQ 
4!* 
5 ! ******"}{*******************************************·******** 
6!* 
7!* EXTRACT DEFINITION FILE DESCRIBING REOLJIREMENTS FOR 
8!* 

· 9!* BILLS OF MATERIALS FOR MECHANICAL TYPE, APPLICATIONS 
10!* 
11 ! * USING THE INFORMATION FROM BALLOONS ON THE DRAWINGS 
12 ! * 
13! ********************************************************** 
14!* 
15 ! * 
16!* 
!?!***********************************************~********** 
18!* 
19! I SECTION #1 - DATA EXTRACT ITEMS 

.2J! * 
21 !***********************k***********k********************** 
22!• 
23!> /U~IV.ITEMS I 
24 ! > /COMP. ITEMS I 
25!• 
25 ! > ZE I CHNNB I UlHV.NTXT. IF-TNOD-PROPl~AME I PART NO 
27J> BENE!~!WN I UN IV .NTXT. IF-TNOD-PROPNAME I TITLE 
23!> ABT I UNIV.NTXT. IF-TNOD-PFWPNAME I ENCL NAME 
29!> tJAME I urnv .IHXT. IF-TNOD-PkOPNAME I JACK 
30!> DATE / UNIV. NTXT. IF-TNOD-PROPNAME I REGENDATE 
31 ! > WANS I UNIV. NTXT. IF-TNOD-PROPNAME I ORA\~ ING -· 
32 ! > BGR / UNIV.NTXT.IF-TNOD-PROPNAME I XLOC 
33!* 
34!> TEILNR /COMP .1nxr. I F-HWO-PROP:JAME I POS 
35!> STUECK /COMP. NTX.T. I F-TNOD-Pi:WP :JAME / CO:J NT 
36!> BENENN /COMP. NTXT. I F-TlWD-PROPi'1AME I ELEM DE SC 
37!> NORMNR /COi.·~ P. NT XT. IF -T NOO-P ROP NA ME. I PAriTCODE 
38!> VlERKST /COr.\P. NTXT. I F-TNOD-PROPl~AME I COM PDE SC 
39 ! > ROHMAS /COMP. NTXT. I F-TNOD-PROPNAME I TERMDESC 
40! > DIN /COMP.NTXT.IF-TNOD-?ROPNAME I PANEL 
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41!> BMRKNG 
42!> LAG::R 
43!* 

/COMP.NTXT.IF-TNOD-PROPNAME / VALUEA 
/COMP.NTXT.IF-TNOD-PROPNAME /VALUES 

44 ! ***** ****************·******************************** *** ** 
45!* 
46!2 SECTION #2 - PAGE FDRMAT SPECIFICATIONS: 
47'* 
48 ********************************************************** 
49 ·* 
50 * NUMBER OF P.R I IJT LI :~ES PER PAGE : 
51 * 
52 > 43 
53 * 
54 * NUMBER OF COLLJMN POSITIONS PER PR INT LI NE 1 

55 ! * 
56! > 120 
57'* 
58 * NLJ~rnER OF PAGE HEADEi-l LL-JES CSECTIO~l 7): 
59 * 
60 > 26 
61 * 
62 * NUMBER OF ITEM FIELD DESCRIPTOR RECORDS C SECT ION 8) : 
63 * 
64 > 16 
65 * 
66.********************************************************** 
67!* 
68 1 3 
69 * 

SECTION #3 - PAGil~ATIOrJ. SPECIFICATIOi~S COPTICWAL> : 

7 J ****************************************·****************** 
71 * 
72 * 
73 * 
74 * 
75 * 
75 * 

HEAOER LINE NO,.START COLLJMN,ENf) COLUMN,JUSTIFICATION : 

NOTE: HEADER LINE NO IS ZERO IF IW PAGinATION DESIRED 
JUSTIFICATION CODE : -l=LEi=T,O=CE;ffER,+l=~IGHT. 

77 > 7 t 1 05 t 1 07 t + 1 
78 * 
79 ********************************************************** 
80 * 
81 3 
82 * 

SECTION #4 - REPORT OATE SPECIFICATIONS COPTio;JAL) : 

83 ********************************************************** 
84 * 
85 * 
86.* 
87!* 
88!* 
89!* 

HEADER LINE NO,START COLUMN,END COLUMN,JUSTIFICATION : 

NOTE: HEADER LINE No IS ZERO IF NO DATE IS DESIRED 
A MINIMUM OF 8 COLUMN POSITIONS MUST 1:3E GIVEN. 

90' > 0, 1 05, I 07, + 1 
91 * 
92 ********************************************************** 
93 * 
94 3 SECTION #5 .- REPORT TIME.. SPECIFICATIONS (OPTIONAL> 1 

95 * . 
96 ********************************************************** 
97 * 



98!* HEADER LINE NO,START COLUMN,END COLUMN,JUSTIFICATION : 
99!* 

JOO!* NOTE: HEADER LINE No IS ZERO IF No TIME IS DESIRED 
101 !* NEED A MINIMUM OF 5. COR 9 IF SECS ALSO) COLUMNS 
1021* 
l 03 ! > 0' 1 05' 1 07' + 1 
1 04 ! * 
J 05 ! * 
106!********************************************************** 
I 07! * 
108!* SECTION #6 - BILL-OF-MATERIALS TALLY <OPTIONAL>: 
I 09 ! * 
1 10 ! ******k********•lc****•k******lr****************************** 
1 1 1 ! * 
1 12 ! * 
1 I 3 ! * 
1 14 ! * 
I 15 ! * 

'" BOM I:-WICATOR,STAR.T COLUMN,END COLUMN, JUSTIFICATION : 

rJOTE: BOM I:·JDICATOR = 0 IF NOT APPLICARLE ELSE = I 

116!* O.IJ,15,+1 
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11 l!* 
I ltl!********************************************************** 
119!* 
I 20 ! 7 SEC TI ON # 7 - HEADl::R LINES 
121 ! * 
122 ! ***************.*****************""************************* 
123!* 
124!*0000000001IIIllII1122222222223333333333444444444*555555555566666666667777777777RRRRRRRPRR999999999900000000001 llllllll 
12:;!*123456789012345678~1234567890123456789012345678*01234567890123456789012345678901234567R9Gl234567R9012345678901234567P 
126!>! 
127!>!--------------------------------------------------------------------------------------------------------------------
128!>! 
129!>! 
I 30! > ! 
131!> !------------------------------------------------------------------------------------------------------------------! 
132!> ! CO\IPIJTHIVIS!ON. ! STIJEC1'L!STE !Nfllf?Er,fF.R REH'"ICll ! KA ! ! WA-NR ! KLATT OG VON 00 ! 
133!> ! C EU•<<>PE l I.~C. ! ============================== 
I 34 ! > 
I 35 ! > 
136!> 
137!> 
I 3.':l ! > 
I 3') ! > 
140!> 
141 ! > 
142!> 
14]!> 
144!> 
145!> 
14~! > 
14 I!> 
149 ! > 
149!> 

!------------------------------------------------------------------------------------------------------------------! 
! ZEICHNJNGS-Nli / HAUMUSTEil ! f:lG UG ! SACHHENEIHUNG ! ART NAMF' ! fl A TUM 

!------------------------------------------------------------------------------------------------------------------! 
ST NOllM-N~IMMEll llOHMASS / TYPF: 

fHESE:: HE.\rJER Lli~!::S /\fiE TO GIVE THE lMPfifSS!UN OF THI- 1'!.l/!Sflf'il f/EPOfif 
THE AHHANGEMENT Of rHE HEAOEH LINES IS HA:~DLFll RY A POST-PIW~FSSFfi. 

!------------------------------------------------------------------------------------------------------------------! 
! ;E?IWFt-'T ! AE,W.MITTLG. 

! NUMMEi</ JAHli. 

!------------------------------------------------------------------------------------------------------------------! 
!'):)!>!--------------------------------------------------------------------------------------------------------------------! 
I 51 ! > ! 
152!* 
153! ********************************************************** 
154!8 :iECT!OI~ llH - ITEM FIC:LU 1)ESCllIPT.JRS t 

I 55! * 
J jl) ! ****** "r'**** *'****"'**·-It** k+-t-***"************ * ***************** 
I? 1! * 
158!> Zf'IC:LJNb '11. 4, 29. -1 • 0, 0, 0 
159!> BGH , I I , 32. 33, +I ' 0, 0, 0 
I 6 ~J ! > BEiff1~NLJ,\I , 11, 4 I , 76. -I• o, 0, 0 
I 61 ! > WAiJB . A, 79, 9 I, -I, 0, 0, 0 
162!> A8T , 11, 79, flo. -I, 0, 0, 0 
I 63 ! > NAME , I I , 89, I 04, -I. 0, 0, 0 
164!> DATE ,11,107,115, +I • o. 0, 0 
16::>!* 
I f\6 ! > fF:IL1~H . 0, 4, i3 • +I • 0, + 1. I 
167!> STUECK . 0, 13, l'J, +I• o, 0, 0 
I 6f3 ! > UENENN . o, 18, 38. -1. O, 0, 0 
169!> l~ORMNR ' 0, 41, 54. -1, o. 0, 0 
I 70 ! > WEHKST . O, 56, 63, -! • 0, 0, 0 
I 71 ! > HOHM AS . o, 65, 82, -I• 0, 0, 0 
172 ! > DIN ' O, 84, 88. +I• o, o, 0 
I 73! > BMRKNG . O, 91,106, -I• 0, o. 0 
174!> LAGER ' 

0, 109, 115, + 1. 0, 0, 0 
175!* 
176!*********************************************** ENO **** 
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CREATING 2-D DETAILS FROM 3-D LAYOUTS 
This paper demonstrates how to construct formatted 2D details from 3D design 

layouts. It contains a step by step example of how this is accomplished. The use of PEP and 
PAREX files as an aid will be discussed. 

INTRODUCTION 
The construction of formatted 2D details from 3D layouts can be easily accomplished. 

The use of Exec-Parex and the standardization of procedures can minimize the time, effort, 
and degree of expertise required of the computer operator. 

JD LAYOUT - STANDARD STRUCTURING 
STANDARDIZATION OF PROCEDURES whenever possible is essential. 

1. One part constructed on one layer. 
2. An information layer designated and which contains all the information necessary for per

sons other than the current designer/layout to work on the design. Below are some 
examples of the information required: 

- LAYOUT NAME 
- OPERATOR NAME 
- INDIVIDUAL PART NAMES 
- LAYERING STRUCTURE OF LAYOUT 
-QUANTITY 
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3. The savings of basic displays can be partially standardized. 
(FIGURES lA, lB, lC) 

-O=ALL VIEWS, ALL PORTS 
- 1=VIEW1 or PORT 1 
- 2=VIEW 2 or PORT 2 
- 3=VIEW 7 or PORT 3 

When the basic displays are consistent on all layouts and all details, it expedites the time 
required for familiarization of the design. This is a definite time saver when working on many 
different drawings created by different operators. 

Figure 1A 
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Figure 1 B Figure 1C 

2D DETAIL - STANDARD STRUCTURING 
There are many areas that lend themselves to standardization when detailing. 

1. Standard size formats should be created, overwrite protected and always on the disk. 
(FIGURE 2) 

2. A standard layering structure should be established. (A layer or group of layers should be 
designated for specific information only.) Some examples are: 

- Format 
- Format Information 

-TITLE 
- ISSUE NUMBER 
- RELEASE NUMBER 
-NOTES 
- DRAWING NUMBER 
- OPERATOR'S NAME 
- GRAPHICS - PART 
- DIMENSIONS 
- STRINGS AT A WIDTH 

(Strings are used to show different line widths.) 
- XH (CROSS-HATCHING) 
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Figure 2 

3. Basic displays can be saved here as well as in the layout. (Figures 3A, 3B, 3C) 

- TOTAL PICTURE 
-TITLE BOX 
- GRAPHIC VIEWS 
- NOTE COLUMN 
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Figure 3A 

CAD GENERATED DWG 
CAD DATA BASE NAME: DIST 

EDIT THIS LINE TO 

ASSY NOI ASSY NAME IOTY ,--

J.IATERIAL: EDIT THIS TEXT f---

f---

AISI NO. f--1 
FINISH: EDIT THIS TEXT EDIT TllJE LINE r--i 

EDIT SECOND LI NE 1---1 
SPEC!F!CI>. TIONS: 1---1 

~-.. ENGR l AREA NO. l 8LDQ NO. f--1 -- n<uJ £NGR 
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Figure 38 
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PRELIMINARY INFORMATION 

I 

l 56 

Figure 3C 

• 5 - 3 2 TAP TH RU 
TO BORE 

The information required from the designer/layout prior to detailing is: 

1. LAYOUT NAME 
2. LAYERS DESIRED DETAILED 

DETAILING PROCEDURES 
LAYOUT-3D 

- PART NAME: STEPHENS.PAPER.LAYOUT~ (Figure 4) 
- #USE PORT 1 ~ 
- #SEL LAY N APORT ~ 
- #ECH LAYN APORT ~ 
- #RST DIS O ~ (Basic display with one layer in all ports visible.) (Figure 5) 
- #CONST PRT STEPHENS.LAY N : ENT WIN DD (Temporary part) ~ 
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Figure 4 
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I I 

Figure 5 

If desired, another lay could be selected and another part constructed before exiting from , 
the layout. 

-#EXIT 
- #D N (Do not file) (New part) 

TEMPORARILY CONSTRUCTED 3D PART 

- PART NAME: STEPHENS LAYN 
-#REGREG 
- #ZOM ALL PlO APORT (Figure 6) 
- #PLT DOT SCLl SLEW20 (Plotting done on a versatic) 

At this point, the detailer has a hard copy of the part to study with all the views at a 
scale of 1 to 1. He/she can now decide which views are necessary, what draw scale is re
quired, and what size format is appropriate. This is a temporary part which will be deleted at 
another time. 

- #EXIT 
- #D N (Do not file) (New part) 
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Figure 6 

FORMAL DETAIL DRAWING - 2D 

- PART NAME: BOOOOOO /DSCL2* I 
- #SEL LAYN J 
- #ECH LAYA I 
- #INS NFIG STANDARD.B-SHEET SCL.5 ** J 
- #ZOM ALL PIO ~ 
- #SAV DIS 0 I (BASIC DISPLAY OF TOT AL PICTURE) (Figure 2) 

*DSCL 
Enables the operator to create a drawing at a scale other than I to 1, but dimensions, leaders, text, arrowheads, 
etc remain at 1 to 1 scale. 

**When using a DSCL, the format must be inserted at the scale factor (SCALE= 1 -;.- DSCL). 

- #INS PRT STEPHENS.LAYN VIEWN J *** 
- #ZOM EXT J 
- #CHG LAY N: ENT WIN DD J 
- #MOV: ENT WIN DD, dig D dig DJ (Figure 7A) 
- #INS LIN VER (HOR): dig END (ORG) D DIG D J 
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- #INS PRT STEPHENS.LA YN VIEWN i 
-#ZOM EXT f 
- #CHG LAY N: ENT WIN DD i 
- #MOV: ENT WIN DD, END (ORO) D END (ORO) D i (Figure 7B) 

1 ..... 

I 
I 
I 
I 

·co 

- #ERS LIN : ENT D f 
-#ECH LAYA i 
- #RST DIS 0 f 
- #FILE i 
-#SPACE BAR 
-#OK 
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+ 

1 J' 

t 1 
1 I 
t I 

T 

+ 

@ I 

+ 

-

00 lfOT ICAU Plllttf 

\llllRISimt:ftlllfll'e:Dlf'ICD: 
OIW:OllON;t"' 
MILLllllETERS 0 IH?Q.LllAIK:EDOOlllU«:IOH!! 

CENTIMETERS 0 MO " ,~IONC 

METE.RS D 
INCHES 00 .XX .XX +.01 
FEET D .xxx .xxx :.oo 
__ D11EJ10 + 

CAD GENERATED DWG 
CAD DATA BASE NA\IE: 
EDIT THIS LINE 

Lo.:ER!AL: EO!T THIS Tt.X 

AISI NO, 

F"INISH. ED!T THIS TEXT 

SPECl~ICATl0'15' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i.--1 
I 
I 
I 
I 
I 

o+5r I 
Jf"SSY NO...l ASSY NAME :JQTY I i 

~ 
f 
' 

n~ 

f-1 
~ 

EDIT TJ1LE LINE H 
EDIT SECONC LINE ~ 

I 

I 
! 

I 
I I ,~I~:t I RELEASE NO XXXXX + 

~'I 1 .. ,, .. 1 ...... ---4 f-1 
:=~o~'~G '""' 

·~ 
"""""~ BlQ_ooooo j "'O"'Jri -r- 0£SOlllPTIC.. p: PPO "" Ufl(Plr/lf 

·~ 

l.= _ ------- ---------- -------------------_ =3 
~~~N;t.~t~~-=~~.:::.~on~":.l.ir..-:':u-.-·.-· -61!tli:bi¥U: i I ~~ llMHre5 .,/ I SHl'ET I OF I l SCALE_!_: I 

-f - -· -· -· •c. MIC:IKIP'JLM UR l»IU' D 

Figure 7A 
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Figure 78 

This drawing is now ready to detail. This method creates a 2D detail of desired views 
from a 30 database (Figure 3A). Every view inserted in this manner is non-associative with 
each other and, therefore, lines can be inserted, erased, dashed or cross-hatched. A clean con
cise drawing can easily be obtained. 

EXEC-PAREX 
The following pages contain an EXEC-PAREX FILE, which will enable an operator with 

limited 30 experience to extract parts from 30 databases. This file also protects the operator 
from unknowingly over-writing the original 30 layout. 

STANDARD.EXEC.&BCD.DETAIL 
6-24-81 13:01:34 

** THIS FILE AIDS THE OPERATOR IN DETAILING A PART FROM ** A 3 [1 LAYOUT. INPUT T HF I NF OF~M,~1 TI DN YOU Af:; YOU t-1F~E Ph:Ui"if'l[ D. 
**-----------·----------------------------------- ----------------** * * LAY 0 LJ T:::: THE NAME 0 F THE l.. ?1 Y Cl UT THE:: Li ET A I 1... I ::; CD M I M CJ FF~ D M 
** LAYER= THE LAYOUT LAYER NUMBE::R ** YOURNAME= YOUR LAST NAME ** PARTNr~1ME::"THE NAME OF THE FINHH·IED ftETttll... 
** Pl...OT=TYPE PL.OT IF YOU WANT A PLO'I OTHERWISE ASTERISK 
CADDS<cr.;:> 
DETAIL 
RUN PAREX STANDARD+PAREX.rETAIL<CR> 
O> 
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STANDARD.PAREX.&BCD.DETAIL 
6·-29-81 8!39!f.i5 

&& 
2 L.AYOLJT 
2 l ... AYER 
2 YOURNAME 
2 PAF'TNAME 
2 PL.OT 
&& 
EXIT 
YIN 
<"XL AYOUT 
Uf.)E PCJF(l' 1 
SEI... LAY &LAYER APORT 
ECH LAY &L.AYER APORT 
F~PNT 
CON PRT &YOURNAME.&LAYER !WIN X-200Y200vX200Y-200 
EXIT 
DN 
& YOl.JF\NAME. &LAYER 

*** *** *** IF YOU REQUIRE A PLOT, TURN ON THE VERSATEC PLOTTER 
*** 
*** 
1:;.:EG F~EG 
RST DIS 0 
ZOM ALI... P10 APORT 
&PL.OT DOT. SCL1 
EXIT 
DG 

****** 

*------------------------------------------------·------------------* 
* * 
* * * CHOOSE FROM ONE OF THE FOLLOWING OPTIONS: * 
* * * EXECUTE STANDARD.EXEC.1VIEW PLACES ONE VIEW ON FORMAT * 
* EXECUTE STANDARD.EXEC.2VIEWS PLACES TWO VIEWS ON FORMAT * 
* EXECUTE STANDARD.EXEC.3VIEWS PLACES THREE VIEWS ON FORMAT * 
* EXECUTE STANDARD.EXEC.4VIEWS PLACES FOUR VIEWS ON FORMAT * 
* * 
* * *------------------------------------------------------------------* 
XOPTION 5 
EXECUTE STANDARD.EXEC.1VIEW 
EXECUTE STANDARD.EXEC.2VIEWS 
EXECUTE STANDARD.EXEC.3VIEWS 
EXECUTE STANDARD.EXEC.4VIEWS 

*** CH.JI 'f *** 
& YDl.Jl:~Nf':1ME 
&l...t-1YEF~ 
&F· (~ Fn t'-!i~) ME 
O> 
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STANDARD.PAREX.&BCD.1VIEW 
6--29·- 81 9: 0~): 30 

&& 
2 YOUF~NAME~ 
1 l...AYi::F;: 
2 1:·r.:1F\ TN1~ME 
:l lJ IF.J•.IA 

'.2 f:)H[LT 
4 SCl...1~ 1 /!:>CL 
&& 
CAflDS<CF~> 

&PARTNAME/DSCL&SCL 
SFL LAY 0 
ECH LAY ,; 
INf:) NFlG faTAN01':\F~D. &~;HFFT· .. ·GHEET !'.)CL.&SCl ... A !X:OY···· 
SEL GRD G. ~5 ON 
ECH mn1 CJN 

** ** VIEW &lJIEWA I!3 BEING IN~'.>Er~TED ClN l...f.1i'1.F~ t 

** INf:) PF~T &You1:;:NAME.&LAYFF;: VJFvJ&lJlF4J1; L1~1Yl 

** ** ZDM ALL F'l.O 

** 
** SEL. LAY 1 
ECH LAY 1 :1.50 
F:PNT 

** 
** ** NClvJ CHANGING ALL ENTITIE:f:> TO l...AYEP 0 FXCE::F'T THE FUF;:MAT FNTITIE:~:;. 

** ** SEL 
l...CH 
ECH 
CHG 
E:CH 
ZDM 

** ** ** ** ** O> 

l ... AY 
LAY 
l...1~Y 
l. .. AY 
L.AY 
Al...L 

0 
A 
M:l::.'iO 
onJIN x-2oov200,x2oov-200 
F' l ~50 
F·to 

END DF FILE ** 
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STANDARD.PAREX.&BCD.4VIEWS 
6····29--81 <;>: l. 6: 54 

&& 
? YDl.H.;:NAME 
:I. LAYER 
2 PARTNAME 
1 VJEWA 
1 t,.1H::wB 
:l VIEliJC 
:L VIFWD 
1 SCL 
2 SHEET 
4 SCl ... A 1 /SCL 
&& 
CADDS<c1=~> 
&F'AF;:TNAME/I:1~;c1... &SCL 
SEL l...1~~y 0 
ECH l ... f.W A 
INS NFIG STANDAF~D. 8.(:~HFET····SHEET SCL&~:>Cl...A :XOY·.i 
SEL. GRD G. ~i DN 
ECH GF~D ON 

** ** VIEW &VIEWA IS BEING INSERTED ON LAYER 1 
** INS PFa &YDLmNAME. &l ... AYEF~ VIEW&l,.1IEWA l..1:Y"l':I. 

** ** VIEW &VIEWB IS BEING INSERTED ON LAYER 2 

** INS PRT &YOURNAME.&LAYER VIEW&VJEWB LAY2 
** ** VIEW &VIEWC IS BEING INSERTED ON LAYER 3 

** INS PRT &YOURNAME.&LAYER VIEW&VIEWC LAY3 

** ** VIEW &VIEWD IS BEING INSERTED ON LAYER 4 

** INS PRT &YOURNAME.&LAYER VIEW&VIEWD l...AY4 
ZOM ALL. Pl.O 

** ** SEI... L.AY :I. 
ECH LAY :I. 1.50 
F:F'NT ** USE THE MOVE COMMAND TO LOCATE THE FIRST VILW ON THE rORMAT 

** ** ** 
ECH LAY N 
MOV:WIN <'v'AR> 
SE:L.. l...AY ~! 
ECH LAY :L 2 l. ~50 
RF'NT 

** ** 
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::{i* 
._,,. --~
<·'I' 

-~~ USE THE MOVE COMMAND 10 LOCATE THE SECOND VIEW ON THE FO~MA·r. 

** 
** it* 
'f* 
ECH LAY N 
MDV: liJI N <VAF:> 
SEL LAY 3 
ECH LAY 1 2 3 150 
F~F·NT 

** ** 

USE CONTROL-X TO CONTINUE 

## USE THE MOVE COMMAND TO LOCATE THE THIRD VIEW ON THE FOrMAT. 
*''. 

** ** USE CONTROL-X TO CONTINUE 

** BEL LAY N 
i'1DVtWIN <Vr'.1R> 
SEL LAY 4 
ECH LAY 1 2 3 4 150 
RF'NT 

** ** ** USE THE MOVE COMMAND TO LOCATE fHE FORTH VIEW ON lHE FO~!AI. 

** ** **: 
** SE:L. LAY 4 
ECH LAY I·~ 
M 0 \J ! ~J I N · . ·,.' ,'.~ ::~ > 
ECH 1...AY A 
F:F'NT 
S E 1... G F~ D 0 F' F 
ECH GF:D UFF 

** ** ** 

USE CONTROL-X TO CONTINUE 

*t USE THE ERS ALL.:WIN COMMAND TO ERASE ANY UNUSED VIEWS NOT MOVl.D 

** ** ON TO THE FORMAT.CTHE GRIIJ HAS BEEN TURNED OFF FOR EASY DIGINGI 

** ** USE CONfROL-X TO CONTINUE 

** SEL LAY 0 
ECH l...AY I~ 

E:CH LAY M150 
ERS ALL..tWIN<VAR> 

** 
** ** NOW CHANGING ALL ENTITIES TO LAYER 0 EXCEPT THE FORMAT ENTITIES. 

** ** 
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SEL LAY 0 
ECH LAY A 
ECH LAY Mj.50 
CHG LAY o:w1N x-200Y200,x200Y-200 
ECH LAY F:l~~iO 

ZOM 1~LI... F'j() 

** ** ** ** END OF F 11...E 

** O> 
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ABSTRACT 

THE USE OF CAD/CAM 
IN A SHORT LEADTIME 

PROTOTYPE APPLICATION 

N.A. Morgan 
Smiths Industries Limited 

Vehicle Instrumentation Division 
Cricklewood Works 

London, N.W. 2 
England 

This paper describes some of the methods used to obtain prototype parts before the com
pletion of a design. These have enabled us to reduce the repeat cycle time for prototype parts 
from a number of weeks to a number of hours. 

Prototype parts are machined on C.N.C. Milling machines using N.C. data derived from 
the designer's part whilst he is still completing the detail. 

The methods used to record the N.C. data, and the transfer to the machining areas, are 
described as well as the link required between the designer and programmer. 

1. INTRODUCTION 
The Vehicle Instrumentation Division of Smiths Industries Limited is a supplier of parts 

to the car industry. These are fitted to vehicles made by British Leyland (Austin, Morris, 
Jaguar, Rover, Triumph), Renault, Fiat, Volkswagen, Volvo and Hyundai. 

The Engineering Department is responsible for the design, development, detail draughting 
and prototype manufacture. The prototypes are required for our own internal engineering 
development as well as for supply to our customer. The total cycle time from start of design 
through to volume production is often about twelve months. This cycle time has been reduced 
from between 18 to 24 months during the last 2-3 years by customer demand and this has 
forced us to find ways of shortening the engineering time. The prototypes are required very 
early in this cycle and often before the detail design is completed. 
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A longer cycle time was required before we acquired the C.N.C. Milling machines and 
the Computervision equipment. Prototypes used to be made by hand fabrication from sheets 
of plastic which were then glued together. This resulted in a prototype which in appearance 
matched the final shape of the product but was much more fragile and was not suitable for 
any engineering evaluation. 

This method of prototype manufacture also needed a fairly complete drawing of the part 
to be given to the prototype parts manufacturer. The production of each subsequent proto
type required almost as much time as the first one and was very expensive. Using the new 
method the second part follows on, a few hours, not weeks, after the first part is completed. 

This paper describes how we design, programme and manufacture our prototype parts in 
order to meet these very tight delivery dates. 

The Computervision equipment used by the Engineering department comprises a 
5-graphic terminal system running on a CGPlOO. We also have a Benson 4-pen large drum 
(AO size) plotter and an Anderson Jacobsen printer and paper tape unit. The equipment is 
used for a stretched single shift of about 10 hours. There are 2 Matchmaker Mill machines 
with Posidata controller for the C.A.M. operation. 

2. DESIGN PHASE 
2.1. DRAWING ACCURACY 

The designer must understand that any line placed on the database of his part may be 
used for producing N.C.-output. In practice only the main views are used and scrap sections, 
part views etc. will not be used for N.C. work. The main views must therefore be produced 
with the lines, arcs, points etc. on nominal values where there are critical areas. This places a 
discipline on the designer and under no circumstances may a dimensional value be written in 
other than the true value. System users are not taught how to insert a dimension which does 
not match the database. 

The designer may alter a boundary relating to an area on which the N.C. programmer 
has completed his work. In order to ensure that these changes are incorporated a close liaison 
is required between designer and programmer. A master drawing held by the programmer on 
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which he can indicate the line or areas of the design that have been changed has been found 
useful to act as a reminder of program changes to be made. 

There will eventually come a point where the program will be fixed and tapes created to 
enable prototype parts to be made. Any subsequent changes to the design will then have to be 
reviewed to see if the existing tapes are satisfactory for first-off prototype requirements. 

2.2. CUSTOMER CHANGES 
The ability to modify a design on C.A.D. is a mixed blessing. The customer, if he knows 

that C.A.D. is being used, can ask for a change and expect it to be implemented without the 
major delays that would be associated with more traditional draughting methods. This does 
create a problem when one is trying to produce a series of N.C. toolpaths from a design that 
is still fluid. 

We are also actively seeking to start using the magnetic tape as a transfer medium be
tween ourselves and our customers where they are also using the C.V. system but so far this 
has only been possible on a very limited basis. 

2.3. DIMENSIONING 
The detail dimensioning of the part may not have been done till after the programming 

has been completed. This obviously makes the tape testing difficult as the operator may have 
no dimensions on the drawing with which to check. This is why accurate toolpath plots are re
quired as indicated later. (4.2 below). 

3. PROGRAMMING PHASE 
3.1. COMMON DATA BASE 

It is essential that the programmer and designer work on the same catalogue part. In the 
early days we transferred a copy part to a new file for the programmer. This was done for 
two reasons: 

a) The designer did not trust the programmer not to mess up his design, 
b) The designer objected to the entity count in his part being greatly increased by the 

toolpaths with a resultant increase in access time and regen time. 

We now operate on the designer's actual part as with practice we have found that the 
programmer does not mess up the designer's part - or only rarely! Secondly the changes 
being made on the master design cannot easily be transferred without a lot of layer deletions 
and parts insertions. The problem of greater file size remains and the associated time to 
handle the files will always be slightly longer with the toolpaths included. 

3.2. INITIAL PREPARATION 
It is essential to prepare the sequence of machining, type of clamping and fixtures before 

starting the programming. For parts with multiple depths it has been found useful to prepare 
a colour shaded drawing with a Z depth colour indicator at the side. A box of crayons will be 
cheaper than the colour terminal for a few years yet! 

3.3. TOOL LIBRARY 
All the standard tools that are available to the programmer are held as a part (See Ap

pendix 1). This part is inserted into the part to be machined and this saves the DEF TOOL 
having to be invoked. The tool library for the milling machines are held with a simple name 
system made up as follows: 

XXYYYZZ 

Type of ~ialt~ Special 
tool of tool features (if any) 
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SD16IZ for example is a Slot Drill of 16.0mm diameter, long series. 
Special tools such as angle cutters and 'D' bits are usually defined as required and given 

an 'A' number. They are not held on the master tool list part. 

3.4. TOOLPATH CREATION 
As each toolpath is created it is tagged and recorded on a programmer's reference sheet 

(See Appendix 2). This sheet will show the main parameters of the toolpath as well as any 
APT statements needed during the subsequent MACHIN operation. It also shows feeds and 
speeds and a brief comment or instruction for the mill operator. 

The programmer's reference sheet is also held as a part which can be inserted into the 
part being machined. All text entry is done using text nodes on this sheet. 

A typical component will contain 50-60 machining steps, each of which may be made up 
from a number of toolpaths or sets. Prior to the MACHIN statement the sequence of machin
ing will be reviewed to see if the order of steps is correct and a final copy of the program
mer's reference sheet will be made. This will refer to the tooling list which is created with the 
tools needed for the job (See Appendix 3). An indication is shown on the tooling list of the 
maximum depth of cuts used with each tool. This enables the machine operator to set the 
tools into the collets with the minimum overhang commensurate with clearing the workpiece. 

3.5. FIXTURES AND CLAMPING 
As the prototype sample runs are generally small (100 maximum), and batch sizes 

generally only up to 10, fixtures and clamps need to be kept very simple - a wooden block 
with dowel pins and through bolts or reach-over clamps are most commonly used. The 
wooden block may be machined on the CNC Mill in order to provide a nest for the compo
nent where wall sections may need some support. 

Clamping is only shown on the part view when reach-over clamps are used and there is a 
danger of machining close to the clamps. 

3.6. LINK BETWEEN DESIGNER OR PROGRAMMER 
It cannot be stressed too highly that the Designer and Programmer must work closely on 

the project if major errors are to be avoided. The Designer should be aware of which areas 
the Programmer has completed. The Programmer should also determine from the Designer 
which areas are most likely to change and leave the programming of these areas to the end. 

In order to ensure that either person sees a message left by the other a spare layer is often 
used to write a message. This layer is left active when the part is filed so that it will be seen 
next time the part is called up. 

The Programmer should also agree with the Designer on a block of layers which will be 
reserved for his exclusive use. This will avoid any problem of overwriting. 

One benefit of very early programming which we have found is that the Programmer may 
find errors in the part as drawn. To some extent he is acting as a preliminary checker for the 
Designer. 

4. TAPE PREPARATION PHASE 
4.1. MACHIN 

This is generally considered to be the most tedious part of the programmer's work. Im
provements are being investigated such as the use of EXEC programs or further grouping of 
SETS or SUPERSETS. Owing to pressure of demand for time on the graphics terminals, the 
MACHIN operation is often run from a 30 cps printer/keyboard. This further slows down the 
operation. 

Great care is needed to ensure that one does not make a mistake during the input of data 
at this stage .. A single typing error after one or two hours performing the MACHIN routine is 
very annoying - to put it politely. When can we have a more tolerant system that allows one 
to backtrack? 
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4.2. TOOLPATH PLOTS 
We have found it beneficial to prepare a 1:1 size plot of the toolpath for tape tryouts. As 

mentioned in 2.3 above, the part may be machined before a dimensional drawing has been 
prepared. A standard part containing a frame is inserted into the parts being machined (See 
Appendix 4). This has details of the home value as well as a point showing the origin of the 
part for setting purposes. The first plot only shows the part to be machined. Translucent 
paper is then used to plot each toolpath. The Benson plotter with four pens allows us to use 
four colours to identify the paths. The number of each layer is also plotted so that the tool
path can be identified by its colour. The number of toolpaths should be restricted on each 
plot to ensure adequate clarity. 

5. PROTOTYPE PRODUCTION 
5.1. MACHINES USED 

There are two C.N.C. Matchmaker Milling machines with 800mm, x, 450mm, y, and 
140mm, z movement used for our prototype production. These machines have about 29.5k of 
useable memory. This capacity is often too small to store all the program for a complete job 
so the job is split into sections. 

5.2. TAPE TRY OUT 
The tapes, plots, programmer's reference sheet and tooling list are passed to the machine 

operator. Our machine operators can also manually program jobs so they are able to make 
changes to the tapes if required. In order to keep programs as short as possible the 'canned 
cycles' feature on the Mills is used for repetitive machining of such pocketed items as light 
boxes. The programmer will generate a MPTP path leaving the tool at the centre of each 
warning light box. The Milling machine operator will then write the program for the warning 
light box as a 'can' and call this up at each MPTP step (See Appendix 5). 

The machines are run with a pointer in the chuck and 'Z inhibit' on the control panel. 
This enables the machine to run through the tape with the pointer - hopefully - following 
the toolpath shown on the plot. The operator can check the 'Z' values from the C.R.T. on 
the controller as the tape is tested. 

Experience has shown that once the tool has got to the start of its cutting cycle the pro
grams perform well. Problems generally arise from the programmer overlooking the line taken 
by the tool from the 'HOME' position to the start of the cutting. 

Any errors found during tape try out are corrected by the machine operator and the N.C. 
data base on C.A.D. is not always up-dated. This is because the number of parts to be pro
duced is so low and so correction of the toolpaths would often serve no useful benefit. 

5.3. MATERIALS CUT 
The majority of parts are cut from A.B.S. block. This material machines quite well but 

tools must be kept very sharp. Because the material is quite flexible (2mm wall sections) it 
must be cut from the outside in to the MPOC routine is the wrong way round for our use. 
MABS or MPRO are used and then the toolpath is copied using the 'MOVE COPY' com
mand to a different Z depth. Support to these thin wall sections is given by nesting the part if 
possible. 

Some parts are also machined from Aluminum or Zinc diecasting billets. 

6. OVERALL RESULTS 
The manufacture of a quantity of prototype parts in parallel with the design and detail 

work is now being achieved. This enables us to supply our customers with working prototypes 
which can be evaluated earlier than was possible before the advent of CAD/M. In some in
stances this enables changes to the design to be made before cutting metal on the major 
moulding and diecasting tools has started with the resultant saving in time and money. 
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Appendix 1: Standard Tooling List 

Slot Drills SD Centre Drills CD 

Max. Length 
Size L IZ R (Ball) Prog. Dia. from collet Size End Dia. Length Shank Dia. 

1.5 5 6 1.48 8 1 1.0 2 4 
2 7 10 1.98 10 2 1.5 2.5 4.5 
2.5 9 2.48 15 3 2.25 4 6 
3 10 11 10 2.98 23 
4 10 15 3.98 27 
4.5 10 4.48 29 Rippers RP 
5 10 28 4.98 31 

Size 6 13 37 25 5.98 50 L IZ R (Ball) Prog. Dia. 

7 13 6.98 50 10 30 10.0 

8 14 40 30 7.98 40 15 40 15.0 

10 15 40 9.98 60 20 40 20.0 

12 20 50 11.98 65 
14 23 13.98 70 
16 22 60 15.98 80 
18 27 17.98 100 
19 27 18.98 90 
25 30 24.98 90 
25.4 60 25.38 100 

End Mills EM Spot Face SF 

Size L IZ Prog. Dia. Size L IZ Prog. Dia. 
1/16 5 1.6 9.25 25 50 9.25 
3/32 9 2.39 12.5 50 12'.5 
2.5 8 2.51 
3 13 3.01 
1/8 14 3.18 Fly Cutters FC 
5/32 15 3.98 

Size 50, 100, 150, 200 4 18 4.01 
3/16 18 4.77 
5 20 5.01 
7/32 18 5.56 
6 22 6.01 
1/4 23 6.36 
5/16 40 7.95 
3/8 40 9.53 
1/2 50 12.71 
9/16 55 14.3 
5/8 60 15.88 

11/16 70 17.47 
3/4 80 19.06 
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Appendix2 

CLFILE. CAD PART NAME: MC SET UP BLOCK SIZE SETTING DATUM HOME DATUM TRANSFER SHEET 
OP NO 

jvOCAI tra.v10 I x 350 CENTRE OF SPEEDO HOLE X-450 X490.I 
IS XO YO. ZO IS 

TAPE HEADER: PART CODE: NPR/EJC Yl80 9.5 ABOVE BOTTOM FACE Y300 YO I 

jvOLVO CASE OP! '3!-713-245-00 looss/os z 60 Z50 zo 

OP LAY TAG CL RT ZSURF CAD TOOL MC TOOL OFFSET APT FEEDS SPIN COMMENTS AND 
NAME PLANS PLANE BEFORE PATH l.PLU 3.FIN SPD INSTRUCTIONS 

NO[ SIZE NO SIZE 2.RET 4.ROU 

lso lso 
]39.47 FCIOO ~pADTL/1,1 17s 15000 

j3oo 
FLY CUT SURFACES 

I MAB! 45 
j3s.8 100.0 I 100.0 PINDL/300SCLW 125 NOTE 100 MAX DIA CUTTER 

COOLNT/Ml T 

2 
134.0 
~9.0 

3 
125.5 

'51 MAB2 !so 
35.6 jso10 h IGOHOME f]s lsooo GENERAL CUT TO SURFACE 

4 40 
132.s 19.98 I' 10.0 LOAOTL/Z,2 

120 
1000 

5 
33.7 
~5.5 

jsz !so 
12.7 lsD25 I... 125.o 

IGoHOME 175 15000 
'°OO 

TOP W/L AREA THEN PERIMETER 
6 MAB3 40 10.5 j24.98 I"' LOADTL/3,3 125 

7 
lz.1 
-0.4 

8 js3 lso '30 
jit.7 ISo6IZ 

16.o 
[GOHOME 175 15000 SHARPEN CORNERS ABOVE W/L AREA 

MAB4 
17.2 l!f.98 

4 LOADTL/4,4 100 1200 

9 
12.7 

'65 f R04 !so 
19.7 js06IZ - - - 17s 15000 RECESS BY VAC. GAUGE 

10 ~5 16.7 15.98 
4 js.o 100 

1200 

11 
13.7 

js'4 PRO! lso 
19.1 jsD6IZ 

16.o 
- - - 17s j5ooo POCKET FOR SECURING SCREW 

12 15 
js.6 l!f.98 

'4 100 1200 

13 
~.I 

14 ls5 jso 
19.1 ~D61Z 

16.o 
[GOHOME 175 j5ooo TOP SCREW RECESS 12 OFFI 

MABS 15 
is.6 ~98 

4 100 1200 

15 
~.I 

js6 jsETI jso '30 
~2.1-2.I lso61z 

16.o 
- - - p5 ~000 LH,BOTTOM 3,RH SCREW RECESS 

16 j5 CUTS ~.98 
.. 

100 1200 
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Appendix3 

SMITHS INDUSTRIES LTD. 
VEHICLE INSTRUMENTATION DIVISION 

PART CODE CAD NO TOOL LIST OP. NO. SHEET 
~~~x ~I - 713 - 2 45 -0 0 TB.VIO I/I 

~goL ~ SIZE TYPE· ~DEPTH COMMENTS 

I FCIOO 100.0 FLY 5.0 SET 100.0 DIA MAX 

2 SDIO 10.0 SLOT DRILL 19.0 

3 SD25 25.0 SLOT DRILL 45.0 

4 SD6IZ 6.0 S/DRILL LG 44.0 

5 SD3IZ 3.0 S/DRILL LG 15.0 

6 SD51Z 5.0 S/DRILL LG 20.0 

7 DR9 9.0 DRILL 10.0 

8 DR8.2 8.2 DRILL 10.0 

9 SD8 8.0 SLOT DRILL 11.0 

10 SD3.5 3.5 SLOT DRILL 14.0 

II SDI 1.0 SLOT DRILL 28.0 I I CLEAR SHANK TO 28 .0 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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Appendix4 

STANDARD FRAME SHOWING PART ANu 2 TOOLPATHS XXXXX CASE OP I 

I J 5'-
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/." / 

l / 
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" '\ 
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STANDARD FRAME NAM.NC.FRAME 
HOME VALUES x -+so 

y 300 
z 50 

LAYERS SHOWN ON SHEET 50 
51 
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1. ABSTRACT 

USE OF THE CV FLAT PATTERN 
SOFTWARE & INTERFACE 
WITH MANUFACTURING 

Collin McMullin 
General Electric 
Appliance Park 

AP2-126 
Louisville, KY 40225 

502-452-4515 

This paper discusses how the traditional method of transferring a blueprinted drawing to 
a finished part, ready for assembly, has been updated through the use of CAD/CAM. 

Through the application of the Construct Flat Pattern Generator, prototype sheet metal 
parts may be developed quickly and accurately on CAD. This process is traced as the part in
formation is transferred from CAD to a numerically controlled part program, through a post 
procesor sequence, followed by a laser cutting process, and is finalized as the modelmaker 
forms the sheet metal pattern into a finished product. 

Through this process, the Range Model Shop Department has realized great savings in 
time and money, reduced the lead time in preparing range prototypes for evaluation, and 
directed the skills of the shop people towards increased productivity. 

2. INTRODUCTION 
The process of transforming a part from an idea on paper to a finished reality has 

changed very little in recent years. Some steps are presently unavoidable. With the advent of 
CAD/CAM technology, many of these older procedures are being pushed aside in favor of 
newer methods which directly involve CAD/CAM. In General Electric's Range Department, a 
fundamental change in prototype part development is occurring through the application of the 
Computervision software, and its interface with numerical control tools in a production en-
vironment. · 

Range Model Shop develops most of their parts for ranges and microwave ovens from 
engineering blueprints. Sheet metal parts constitute a substantial number of those parts 
fabricated. A modelmaker, when given a blueprint, must calculate material allowances for all 
bends, add this data to the part dimensions, then transfer the resulting dimensions to sheet 
metal. The pattern must then be cut out, excess material trimmed, holes punched, and finally 
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formed into the finished part. It is not uncommon to find mistakes made. during the process, 
which translates into lost time, materials, and money. This has been the classical way to 
fabricate prototype sheet metal parts until now. 

Through the application of the Flat Pattern Generator routine, prototype sheet metal 
parts may be developed quickly and accurately on the CV system. This routine will enable the 
user to generate three-dimensional parts as two-dimensional part representations. 

There are two general methods within the command structure. Method 1 requires the 
operator to create a set of panels representing the side and/ or flanges of a part, and Method 2 
requires a line representation of the cross section of a part. The part geometry will dictate 
which method an operator should use. 

3. PART PREPARATION 
To implement this process, the part must first be built up in the data base. In Method 1, 

the, appropriate dimensions are selected from a given blueprint and used to create the 
necessary panels. (See Figure 1) 

[ __ o ____ o_---JJ l J 
Figure 1 

The size of the panels may vary according to which dimensioning modifiers the user may 
select. Some of the more significant modifiers include OD for outer dimensioning, ID for in
ner dimensioning, and RP for radial point dimensioning. These modifiers specify whether the 
dimensions of a panel are taken from a flat side, or from the intersections of the inner or 
outer surfaces of mating panels. (See Figure 2) Two other modifiers, REG or ACT, are used 
in conjunction with OD or ID when the angle of bend is greater than 90°. (See Figure 3) Ad
ditional modifiers, peculiar to Method l, influence the positioning of one panel in relation to 
another and effect the resulting calculated bend allowance. 

The DEPX.X modifier establishes the use of Method 2 and specifies the depth of the part 
in the Z axis. 

I 
OD 
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Modifiers common to both methods include the bend angle, the inner bend radius, 
material thickness, layering, and the K-factor. The K-factor may be changed by selecting a 
different modifier or hardness factor. 

To better use system time, the panels should be sketched on paper and roughly dimen
sioned so that the transfer to CAD will take minimal effort. For the same reason, it is always 
a good idea to plan how the flat pattern will be joined together and write out the appropriate 
command sequences in advance. When all necessary preparations are finished, the panels can 
be joined together in the pre-arranged manner to produce the final flat pattern. (See Figure 4) 

0 

0 0 

Figure 4 

Upon joining two panels, the operator will find a dashed line at the bend junction. This 
line represents the midpoint of the bend radius. The lines representing the joined edges of the 
two panels are blanked out. These may be recovered and displayed or deleted if desired. 

Method 2 may be used to develop a flat pattern, but its flexibility is limited. The profile 
view of a part, represented as a line and arc drawing, will generate its own thickness and the 
flat pattern upon execution of this command routine. (See Figure 5) In many instances, this 
method may be combined with Method 1 to create a pattern more efficiently than using only 
one method. 

When the pattern has been completely developed it can be dimensioned for the benefit of 
the modelmaker. This would involve critical dimensions that provide reference for the forma-
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tion of the part in the Model Shop. A hard copy or plot can then be obtCiined and provided 
to the modelmaker. 

ORIGINAL 
SURFACE 

4. PART CREATION 

GENERATED SURF'ACE 

ll 
I I 
I I 
I I 
I I 
I I 
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Figure 5 
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Our original intent was to provide just the finished flat pattern, with the accompanying 
dimensions, to the shop personnel. However, it was discovered that it is possible to scribe 
sheet metal on our Xynetics 1101 table plotter. The Model Shop came up with a small scribe 
which was substituted for the ink cartridge in a pen holder. With this arrangement, as many 
copies of a pattern as desired can be scribed by the plotter. The modelmaker can then cut and 
trim the patterns, punch the holes, and bend the parts into shape. (See Figure 6) 

-+--------+---
Figure 6 

An analysis of the further potential of this process convinced us of the need to push fur
ther into the CAM area. As a result, the Model Shop has recently acquired two Strippit NC 
machines, a Laser Tool and a 75/39 Punch, to take full advantage of the CV software. Now 
that this NC equipment is installed, the potential for productivity gain is becoming highly 
significant. 

With the addition of the NC equipment, it is necessary to generate NC toolpaths to cut 
the part patterns. This can be accomplished quickly and easily on the CV system. By applying 
the MPRO and MPTP routines, a simple program can be created to punch the holes, cut the 
profile and pockets, and scribe the bend lines of a part. (See Figure 7) Since multiple copies 
of a part are generally required, this one program can be stepped to cut as many parts as 
necessary. 

To interface between CAD and CAM, a post processor is being prepared to convert the 
CAD NC program into language compatible to the NC controllers. This software program, 
when completed, will be loaded onto an in-house VAX 111780 mainframe computer, to be ac
cessed directly from the CV system.-The NC controllers can then interface with the VAX and 
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extract the machine code. At present, it is necessary to send the APT source file to GE in 
Schenectady, through a post processor there, then back to Appliance Park where paper tapes 
are made and fed into the laser and punch tools. The modelmaker can then, using either 
method, punch and cut any many parts as required, bend them into shape, and the process is 
completed. 

Figure 7 

In addition to forming the part pattern, the laser can also be directed to scribe part data 
onto the part surface. This data, which may include such information as dates and project, 
model, part, and revision numbers, can be entered into the CV part file as nodal information. 
It may be transferred to the part surface by a set of subroutines and later extracted from the 
CV data base to provide updates of parts lists for inventory control and other purposes. 

Range Engineering can take advantage of the speed and accuracy of this equipment by 
carrying out performance effects tests caused by the variation of the maximum and minimum 
tolerance limits to examine a product's construction and performance given those tolerance 
extremes. This can be very valuable in designing microwave ovens. Since microwaves are so 
sensitive to minute dimensional variations, this process can maximize the usage of a cavity and 
parts for total microwave cooking performance. 

The initial expense for the strippits was a problem to overcome, but the return on that in
vestment will be enormous. Current estimates predict a two-year pay back period for the NC 
equipment. This will enable the Model Shop to up their production rate from between 50% to 
80% for flat metal parts. Further benefits can be realized by cutting nonferrous materials and 
performing services for other GE businesses in Appliance Park. 

With the upgrading of shop facilities, the manufacturing process improvements will be 
extensive. Time and labor will be saved as computers do the routine work while freeing the 
modelmakers from mundane tasks and allowing them to use .. their talents in more critical 
areas. Human error will be largely reduced, and parts and models will be available sooner for 
test evaluations. In some cases, parts can be designed, produced and tested before the blue
print would ordinarily arrive in the shop. 

While this technology is still fairly new to Appliance Park, it is another step towards in
tegrating computer-aided engineering into the appliance business. This is compatible with 
GE's present efforts to bring the company into the forefront of the new technologies and 
promises a future of opportunity and modernization. 
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MICROWAVE PRINTED CIRCUIT 
DESIGN PROCEDURE 

ABSTRACT 

Stuart Horwitz 
Westinghouse Electric 

Box 746 
MIX 430 

Baltimore, MD 21203 
301-765-6937 

Procedure has been developed for the creation of artwork for microwave printed circuits 
by design engineers. By the use of specially developed PEP programs, the designer is relieved 
of many routine tasks which would otherwise make the operation tedious and inefficient. 
These PEP programs take the input electrical design parameters, convert them into 
mechanical dimensions and configurations, and then construct the resulting two-dimensional 
graphical entities. At the same time, the electrical parameters are stored in the CADDs data 
base for later retrieval if desired. Artwork is then generated using the Gerber photoplotter. 

The Operator-machine interface has been designed with the design engineer in mind, so 
that a minimum of computer Graphics experience is required, thus encouraging utilization by 
the casual user. 

The procedure has proved quite valuable, both as an engineering design tool and a draft
ing tool. For the more commonly used microwave circuits a 10 to 1 productivity improvement 
is not an unreasonable expectation. 

INTRODUCTION 
A microwave printed-circuit board is similar to a single layer printed-circuit board in that 

both have a metallic conauctor pattern etched onto a metallic clad dielectric material. The 
similarity ends there, however. Whereas, with a low frequency printed-circuit, the electrical 
components are the element which dictate the design, in microwave printed-circuits it is the 
configuration of the conductor pattern which is of primary concern. In fact, many microwave 
printed-circuit boards contain only a conductor pattern. 

These conductor patterns form RF transmission lines of various configurations. To per
form as microwave circuit elements, these lines must have an accurate and constant pre
determined width, length, and separation from other conductors. Since the width must be 
constant, changes in direction require some sort of width compensation such as a miter. 

A typical procedure for the design of a microwave printed-circuit board might be as 
follows: 

1. The engineer does a theoretical design and produces a block diagram or schematic 
containing electrical parameters (see figure 1). 

2. The electrical parameters are then converted to physical dimensions using procedures 
which require frequency and dielectric information. 

3. A layout drawing of the conductor pattern and a photomask can then be made 
(Figure 2). 

4. A device is fabricated. 
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Figure 1: Microwave Device Block Diagram 

Figure 2: Photomask 
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At this point, the designer has a breadboard device. Evaluation of this breadboard may 
indicate that design changes are required. If this is so, the entire process must be repeated, 
although portions of the previous effort may be salvage using a cut-and-paste technique. 

Moving from a working breadboard to a production design also usually requires a re
layout of the circuit, to conform to mechanical constraints. Again, the entire process must be 
repeated. At each iteration, there is often a degradation in dimensional accuracy. During all 
these operations, the electrical parameters are buried in the designers notebook. 

The object of the procedure described in this paper is to streamline the design process, 
while maintaining dimensional accuracy, by using the Interactive Graphics System to perform 
steps 2 and 3. At the same time, electrical design parameters are stored so as to be useful in 
future design iterations. 
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DESCRIPTION OF THE PROCEDURE 
This procedure utilizes the Gerber photoplotter to produce the etching mask, from infor

mation generated by the Gerber post-processing program, although this procedure would be 
applicable to other artwork generation devices with minor modifications. The post-processor 
will only process closed strings or nodal lines, which tends to indicate that the conductor pat
tern layout should be performed using these entities only. It was found to be much more effi
cient, however, to create the patterns using lines and then to use the "Generate String" com
mand to create the required strings from these line figures. Care must be taken when creating 
the line pattern so that the generated strings will be acceptable to the Gerber post-processor. 

The key to the procedure is the use of a series of PEP language programs which do the 
actual graphical construction. PEP was chosen partly because of its similarity to FORTRAN, 
which made it possible to write programs having a high degree of user interaction, and partly 
because the documentation appeared to be more complete than PAREX or VARPRO. · 

These PEP programs can be divided into three groups: Initialization, RF transmission 
line construction, and RF component construction. The first two groups contain only one 
program at present, while several have been written which fall into the third group. 

To understand the difference between the program groups, let us first look at the proper
ties which affect the conversion of electrical parameters into physical dimensions. These are: 

1. Type of microwave circuit construction. Only two types are presently allowed, 
microstrip (single ground plane) or stripline (two ground planes). 

2. Dielectric constant of the board material. 
3. Center frequency of the device. 

· 4. Ground plane spacing or board thickness. 
5. Thickness of the conductor metalization. 
6. Miter definition (how much of a corner is cut away?). 

Usually these properties, once determined, do not change for a given part. Therefore, it 
is desirable to enter them only once during construction and to have them stored within the 
data base. This is the function of the initialization program. 

This program requests that the operator enter the above information. The data is checked 
for validity and then scaled to produce numbers between 0 and 1. These numbers become 
coordinates for two graphical points which are constructed on an otherwise unused layer (200 
in this case). These points are labelled so that their coordinates can be obtained and decoded 
by other PEP programs. To use the remaining programs in this procedure, this program must 
be run. Also, it can be run only once for a given part. 

The second program group, RF transmission line construction, contains the most versatile 
of the PEP programs. The program currently in use is primarily intended to construct graph
ical representation of RF transmission lines, given the electrical parameters of impedance and 
wavelengths. However, it also serves as a utility program to perform several other functions 
necessary to the overall procedure. 

Before describing the program's operation, it is necessary to define the graphical figure 
which will be produced. This figure, an RF transmission line figure or RFIG is defined as 
follows: 

A. It consists of a collection of lines connected end-to-end to form a closed figure (no 
overlaps or breaks). 

B. No two adjacent lines are co-linear. 
C. Lines are constructed so that the end point of one is connected to the start point of 

the next. 
D. An identifying point containing length and width (or impedance if applicable) data is 

located at the center point of the first segment of the RFIG. 
E. One or more points to be used for connection to other RFIG's is located on layer 

100. 
F. All lines and the identifying point are on the same layer and are grouped with the 

connect points. 
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The first three properties are required so that the string generated from the RFIG will be 
acceptable to the Gerber post-processor. The last two properties are aids for use during 
graphical construction. The remaining property is intended for storing electrical parameters of 
the RFIG in the data base. A typical RFIG is shown in figure 3. 

CONNECT POINTS---

I OE N T I F Y I N G P C I N T 

Figure 3: RF Transmission Line Figure (RFIG) 

The functions of the construction program can be seen from figure 4. The program is 
divided into a number of "Tasks", one of which must be selected by the user. The user must 
also select a "TYPE" number to define the form of the RFIG length and width data. This 
program creates RFIG's having vertical and horizontal segments only, with a mitered corner 
at each bend. 

TASKS 

I- CONSTRUCT NEW RFIG 

2-EXTENO EXISTING RFJG 

3- CONVERT LINE F"IGURE TO RFIG 

4-0ISPLAY RFIG LENGTH & WIDTH 

5- SELECT CONSTRUCTION LAYER 

6- RESET CENTER FREQ - - DISPLAY ALL PARAMETERS 

7- SPEC IF lY MITER LENGTH 

8 - EX IT 

TYPES 

I- WIDTH & LENGTH IN INCHES 

2-IMPEOANCE IN OHMS & LENGTH IN WAVELENGTHS 

3- IMPEDANCE IN OHMS & LENGTH IN INCHES 

4-WIDTH lN INCHES & LENGTH IN WAVELENGTHS 

Figure 4: RF Transmission Line Construction Program 

The third type of program, RF component construction, requires the least amount of 
operator intervention. There is a separate program of each type of component, such as direc
tional couplers, power dividers, filters, etc. In each case, the conductor pattern is pre-defined, 
with the actual dimensions being calculated from the data obtained from the initialized 
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parameters and occasionally operator input. All programs require selection of the construction 
layer and location of the origin of the figure. A typical component is shown in figure 5. 

+---- RF I GS --.... + 

COUPLER~~------'-·-----/;.--
f 

Figure 5: Microwave Component & Interconnects 

PART CONSTRUCTION PROCEDURE 
To generate artwork for the circuit of figure 1, the procedure might be as follows: 

1. Run the initialization program, entering the parameters shown in figure 1. 
2. Run the RF transmission line program. Select the desired construction layer. 
3. Select Task 1, Type 2. 
4. Starting from the right side of figure 1, begin RFIG construction. 

a.) Enter impedance and length in response to program requests. 

+ 

b.) Digitize the location of the center points of the RFIG. When the requir~d length 
has been reached, the RFIG will be generated and the task terminated. 

5. Generate additional RFIG's sequentially, using connect points to locate the origin of 
each succeeding one. After the first four RFIG's have been constructed, the con
figuration might appear as shown in figure 6. 

6. Exit from the program. 
7. Construct the directional coupler by executing the appropriate component construc

tion program. Select the construction layer, enter the coupling value and digitize the 
origin location. 

8. Construct the remaining RFIG's as before. The complete circuit is shown in figure 7. 
9. Using the "Generate String" command with the "Group" entity mask, create a copy 

of the circuit in which all RFIG's are replaced with closed strings. 
10. Execute the Gerber post-processor and obtain a photoplot. 

At this point, the user has the finished artwork and can proceed to fabricate and evaluate 
his device. Modification of this conductor pattern is done by deleting, re-constructing, and 
translating RFIG's and strings. In this way, the conductor is shuffled around to meet the 
desired electrical and mechanical requirements. At no time during this operation is there a loss 
of dimensional accuracy. Also, at any time, the designer may retrieve any or all of the elec
trical parameters from the data base by using tasks 4, 6, or 7 of the RF line construction pro
gram. 
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+ 

+ 
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Figure 6: Typical RFIG Interconnects 

+ + 

+ + 

Figure 7: Completed Microwave Circuit 

CONCLUSION 
It can be seen from the foregoing that the entire operation can be performed with the use 

of only about a dozen graphical commands. This factor is important for the casual user who 
is not interested in becoming a graphics expert, but requires an expedient method of 
fabricating microwave parts. 

The effectiveness of this procedure can be illustrated using the circuit of figure I. To 
generate artwork manually to the required accuracy would take three hours of drafting effort 
and one hour of engineering. Using the computer graphics procedures, a design engineer 
could have finished artwork with less than 30 minutes of effort. 
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ELECTRO-MECHANICAL PACKAGING 
OF ELECTRONIC PRODUCTS 

1. INTRODUCTION 

Dr. Itaru Aramaki 
Manager, Products Design 

Systems & Electronics Division 
Sumitomo Electric Industries, Ltd. 

Osaka, Japan 

In the field of systems and electronics, Sumitomo Electric Industries, Ltd. has an 
established reputation as a leading manufacturer of vehicular traffic control systems, espe
cially as the builder of the world's largest traffic control and surveillance system for Tokyo. 
· Recently we have also been gaining acceptance as the foremost manufacturer of various 
other electronic products such as bus location systems, industrial crane control systems, and 
hand-scan optical character readers. 

In order to design and manufacture these electronic products assuring higher quality, on 
shorter schedules, and at lower costs, we have successfully built a CAD/CAM system around 
a stand-alone interactive graphics system. 

Our CAD/CAM system: 

(1) Semi-automates electronic and structural design of our electronic products. 
(2) Automatically generates production data for the production lines of printed circuit 

boards and enclosures such as housing cabinets; rack-mounted chassis, operator 
consoles, and instruction panels. 

In the past our engineers and draftsmen worked long hours with paper and pencil, 
hunched over drawing boards. · 

Now they proceed with their work quickly in front of CRT displays, giving instructions 
to and being prodded by the system. 

When the design stage is over, the system generates essentially automatically manufactur
ing drawings, punched paper tapes, and magnetic tapes for numerically controlled machines, 
as well as bills of materials and other documents necessary for procurement purposes. 

Since data on typical electronic components and structural parts are stored in the com
puter as a common data base, engineers and draftsmen can use them in common, bringing 
them easily to the CRT display. They can thus finish their design work accurately and on 
shorter schedules without constantly referring to detailed component brochures, without mak
ing individualistic choices, and without making transcriptional mistakes while picking up 
dimensions from the brochures. 
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2. MANUFACTURING DESIGN OF PRINTED CIRCUIT BOARDS 
2.1 Compiling A Circuit Diagram 

The engineer expresses his idea of how to realize a specified function in one or more 
rough; sketches, using various functional blocks which indicate either integrated circuit com
ponents or some standardized functional blocks. 

The rough sketches have to be prepared manually on the engineer's desk at the present 
state of our CAD/CAM system. 

When the rough sketches are ready, they are put into the system by means of a 
digitizer /plotter. 

After the rough sketches have been stored in the data base, the technician works on them 
to complete one detailed circuit diagram corresponding to one printed circuit board at a CRT 
work station. 

He works interactively with the system, editing, modifying, and calling up standardized 
functional circuit blocks from the data base to complete a detailed circuit diagram for one 
printed circuit board. 

The detailed circuit diagram is now stored in the data base. 
Our next job is to check the validity of this circuit diagram: if it really functions logically 

as the engineer intended. 

2.2 Testing A Logic Circuit Diagram 
The detailed circuit diagram compiled in the previous stage, which in our case is mostly 

digital, is taken out of the data base in a form suitable for a logic function tester on a 
punched paper tape and logic simulation is carried out. 

Corrections of mistakes can be done easily on the CRT with resultant automatic changes 
in the data base. 

Prior to the introduction of our CAD/CAM system, logical mistakes could not be found 
until after physical printed circuit boards were manufactured and actually switched on. 

When the mistakes are found and corrected, the data base is updated to store the final, 
clean error-free circuit diagram. 

2.3 Detailed Manufacturing Design of A Printed Circuit Board 
The conversion of the circuit diagram into manufacturing data starts now. 
As the first step, the functional elements in the circuit diagram are semi-automatically 

allocated to physical, commercially available integrated circuits and other electronic com
ponents. 

When all the functional elements of the circuit diagram have been allocated to actual 
electronic components, the system determines how to connect them electrically on the printed 
circuit board. 

2.4 Producing Manufacturing Data for A Printed Circuit Board 
Our CAD/CAM system now produces a complete set of manufacturing data for the 

printed circuit board. 
Aside from the manufacturing data for the machines, various documents are also 

automatically generated, including a list of electronic components. 
Last but not least, a complete circuit diagram is produced which incorporates all the 

modifications which have become necessary in the process of conversion from a conceptual 
circuit diagram into detailed manufacturing data as well as the actual names and pin numbers 
of the electronic components on the just completed physical printed circuit board. 

3. STRUCTURAL DESIGN OF ELECTRONIC PRODUCTS 
So far we have looked at what our CAD/CAM system can do in converting functional 

ideas into printed circuit boards. 
The other important aspect of our CAD/CAM system is the structural design of our elec

tronic products. 
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3 .1 Conceptual and Detailed Structural Design in Three Dimensions 
Fig. 1 shows a traditional two-dimensional manual drawing of a rack-mounted chassis, in 

which printed circuit boards are mounted. 
Starting from this drawing, a great number of detailed drawings had to be worked out 

for all the parts which constitute this chassis. 
This was before our CAD/CAM system came into play. 
The structural design of our electronic products is done in three dimensions on the CRT 

screen as shown in Fig. 2. 
Since typical components like the connectors and pushbuttons in Fig. 2 are stored in the 

computer as a common data base, they can be easily brought to the CRT screen, without con
stantly referring to detailed component catalogs. 

Perhaps the most important feature here is that our engineers can now clearly visualize in 
three dimensions what they are trying to accomplish. 

The engineer's job is essentially over when he has created a three dimensional figure like 
the one shown in Fig. 2 and stored it in the data base. 

All the manufacturing data are semi-automatically produced from the three dimensional 
data base. 
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Figure 1: A traditional 20 manual drawing of a chassis 
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Figure 2: The structural design ol a box In 30 

3.2 Producing Manufacturing Data When the three dimensional structural design is completed and stored in the data base, 

the technician takes over the job from the engineer. He is now readY to generate manufacturing dat8 from the data bas< prepared bY the 

engineer. 
for example, a three dimensional piece in Fig. 3 is reduced to a manufacturing drawing 

at the bottom of the figure which directlY corresponds to a punched paper tape. The cost of 
manufacturinS this piece is also automatically tallied. counting the number of bendings, studs, 

taps, spot weldings, and so forth. 
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Figure 3: A 30 piece is reduced to a manufacturing drawing 

4. THE SYSTEM CONFIGURATION OF OUR OWN CAD/CAM SYSTEM 
Fig. 4 shows the entire system configuration of our CAD/CAM system. It's a kind of 

hodge-podge of things American, Japanese, in-house and outside. 
The IAG is the interactive graphics computer. 
The lower half, as it were, represents CAD, while the upper half represents CAM. 
Our CAD/CAM system has three major features: 

(1) Based on a stand-along system, our "application-ware" has completely adapted the 
off-the-shelf software to our needs. 

(2) Structural design of electronic products is done in three dimensions, consistently from 
the conceptual design level down to the flat pattern layouts of metallic sheets. 

(3) Starting from rough sketches, electronic circuit diagrams are edited, checked, and 
converted into a complete set of production data for printed circuit boards in a con
sistent and semi-automatic flow. 
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PRODUCTION LINE 
OF PC BOARDS 

&INSTRUCTIONPANELS 
FUNCTION TESTER 

WITH LOGIC SIMULATOR 
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960 

CRT #6 CRT #5 

Figure 4: The entire system configuration 

5. CONCLUSIONS 
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CRT #4 

Although our CAD/CAM system has been in full operation for only seven months, the 
benefits seem to surpass our initial expectation. 

Among other things, first, design errors have drastically decreased. Second, design and 
production schedules are getting shorter. Third, design standardization through the ac
cumulated data base is fast becoming a reality. 

In fact, our motto, "By CAD/CAM out of labor-intensive work" seems to be amply 
justified even in the first seven months. 

We are determined to further computerize our design and manufacturing activities so that 
we will be able to supply still better electronic products at lower prices and on shorter 
schedules. 
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ABSTRACT 

WIRE-WRAP BOARD DESIGN 
USING A COMPUTERVISION 

CADDS 3 SYSTEM 

Anthony Minniti 
Xerox Corporation 
800 Phillips Road 

Bldg. 207A 
Webster, NY 14580 

716-422-8494 

Labor cost savings of 10 to 1 have been achieved in the assembly and wiring of wire
wrapped boards. The technique utilizes a custom-made Computervision post-processor that 
merges schematic and board assembly information to create an N/C tape for a semi-automatic 
wire-wrap machine. 

This paper will discuss the board assembly and schematic structure, voltage and ground 
busing, and component hook-up techniques. A method for obtaining a cut wire bin table and 
a wire from - to listing of the N/C tape that is used on the wire-wrap machine will also be 
presented. 

Design Requirements 

Schematic Symbols 

TNOD'S ASSOCIATED 
WITH CN00 11S, PROPERTY 
TERMNAME vv 911 

.. OR PIN NTXT .. 

FIRST STAND ALONE 
TNOO, PROPERTY 
ELEM NAME " 119 
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Design Requirements 

Schematic Drawing 
A. Stand alone TNOD, property sheet " ". 
B. Network NTXT 20 characters max. (no spaces). 
C. Busing techniques. 

-GNOl2 

+5Vl2 

PR 
=1 CK Q ·~ 

Ul2 
~o,ioq 

G N 0 I 2 r __ l_b--;-L 74]4 l 

Wire-Wrap Symbols 
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Wire-Wrap Board (continued) 
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Design Requirements 

Wire-Wrap Board (cont.) 

A. XOYO location upper left (preferred). 
B. Locate wire-wrap pin at XOYO if possible. 
C. Use of bus strips. 
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Pl 
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Other Requirements 

Hardware 
A. Paper tape punch. 

Software 
A. PAREX 
B. Data extract 
C. Format net 
D. Sort file 
E. Merge file 
F. PUT wire 
G. CVTECO 
H. PEP 

File Structure 
A. Schematic drawing sheets EL.99T00221-C101.SHIA thru SHXA 
B. 1to1 wire-wrap board EL.99T221-C101.WWBDA 

Responses to 'Params' 

Use of P AREX Program 
(Fig. 1) 

A. DWGNO 99T00221-Cl01 
B. REV A 
C. WWDWG 99T221-C101 
D. SHTS SH2A,SH3A 
E. WIRE #28 

Explanation of program (Fig. I) 
A. A multi sheet extract of the schematic is made (see Fig. 2). 
B. A formatted net list is derived from 'A' above (see Fig. 3 and II). 
C. A X-Y coordinate extract of the wire-wrap board is made (see Fig. 4 and 10). 

'';: D. The formatted net list in 'B' above is merged into the wire-wrap board and the PUT 
wire command is given. 

E. CVTECO and PEP are used to clean up the machine code, obtain a cut wire bin 
listing, and a from-to listing of the machine code (see Figs. 5 through 9) . 

. Checking the Results 

Files to print 
A. EL.WW99T00221-C101A.TRACE 
B. EL.99T221-C101A.TRACE 
C. EL.WW99T00221-C101A and EL.WW99T00221-C101AA (net list and formatted net 

list of schematic) 
D. EL.99T221-C101.HFO (errors during merge) 
E. EL.99T221-C101.HF (machine code to be output) 
F. EL.99T221-C101.BIN (cut wire bin listing) 
G. EL.99T221-C101.PEPI (from-to listing of drive tape) 
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Processing the Results 

A. PRNT EL.99T221-C101.BIN/NOHEAD,DIGITS =0 (see Fig. 7) 
B.' PRNT EL.99T221-C101.PEPl/NOHEAD,DIGITS = 0 (see Fig. 8) 
C. EXECUTE EL.PUNCH99T221-Cl01 (punch new tape) 
D. Delete the following files after final tape-off. 

DELFIL EL/99T221-Cl01AA 
DELFIL EL/99T221-C101 
DELFIL EL.&BCD/WW99T00221-Cl01AA 
DELFIL EL.&BCD/99T221-Cl01AA 
DELFIL EL.&BCD/99T00221-Cl01A 
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E F . PAR EX . &8 CD.WW A I R 

I ! &&. 
2 t 2 BCD '&BCD' 
3! ZDWGNO 
4 r 2 REV 
5 ! Z WWDWG 
E> ! 2 SHTS 
7! ZWIRE 
8 ! && 
9t EXTR DATA EF.EDF.MULTISHTA <• 

10 l PART EL.&DWGNO/&SHTS <• 
Ii! NAME EL.WW&DWGNO&&REV 
12! FMT NET DATA EL.WW&DWGNO&&REV DATAKEY EF.DATA.KEYA <• 
13 ! FILE EL.WW&.DWGNO&&REV&&REV 
141 EXTR DATA EF.EDF.XYCOORD PART EL.&WWDWG/WWBD&REV <• 
15 t NAME EL.&WWDWG&&R EV 
16! MERGE FILE EL.&WWDWG&&REV. 
17! EL.&.WWDWG&&REV FILE EL.&WWDWG&&REV&&REV PAIR 
IB t S" :19 <CR> 
19 ! S'#' ~19 <CR> 
20l MERGE FILE EL.&WWDWG&&REV&&REV 
21 ! EL.&WWDWG&&REV&&REV PAIR BLNK 
22 ! S'-':19 <CR> 
23 r S" :19 <CR> 
24! MERGE FILE EL.&WWDWG&&REV&&REV 
25! EL.&WWDWG&&REVMREV PAIR 
26 r S'#' :19 <CR> 
27! S'-':19<CR> 

Figure 1 
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28 l MERGE Ff LE El.&WWDWG&&REV&&REV 
29 ! EL.&WWDWG&&REV&&REV PAIR 
30 t S' 0.000' :27 <CR> 
31 t S'-':27 <CR> 
32 r EX IT <CR >DG 
33 ! HARDFI LE EL.&WWDWG.HF 
34! OK 
35! CADDS 
36 ! EL.&WWDWG.WWBD&REV 
37! SELLAYO 
38 ! ECH LAY A 
39! MERGE NET EL.WW&DWGNO&&REV&&REV :XIOY5 
40 t ATTACH PT FPTP 
411 PUT WIRE MACH CS ZERO 25 DEV PT PRINT 
42 ! y 
43 ! DETACH PT 
44 t EX IT <CR >OG 
45! HARDFILE 
45 t COPYBCD EL.&WWDWG.HF ,EL.&WWDWG.HFO 
47! OK 
48 t CVTECO EL.&WWDWG.HF 
49 t IPA <ESC >3 ««:ST$ <ES C > :OL <ESC >- IOOOK <ES C >-IPA <ESC >O: >/./.A :EY > <ESC ><ESC > <• 
50! IPA<ESC>IO«J<ESC>«:F T$ <CR> <ESC>:>J<ESC>«:F T$ <ESC>:IK<ESC»<• 
511 J <ESC > « :S M70 <ESC > :58 <ESC >20 <ESC »J <ESC > « :F$ <ESC >: >J <ESC > <• 
52 r « :5M70 <ESC > :3B <ESC >IT <ESC >L <ESC »J <ESC > <• 
531 «:F<CR><CH> SECOND LEVEL OF WIRE<CR><ESC>:><• 
54 ! <<:SR <ESC > :38 <ESC >F <ESC >L <ESC >IOOOK <ESC >EP <ESC >EF <ESC > < • 
55 t - IPA <ESC >O; >I.I.A :EP >EQ <ESC > <ESC > 
56 ! CVTECO 
57 ! ERE L.&WWDWG.HF <ESC >EA <ESC >EWEL.&WWDWG.HF I <ESC > <ESC > <• 
58! IPA<ESC>IO««:FT M70M97<CR><ESC>:>J<ESC>«:F M70M97<ESC>:>J<ESC><• 
59 t « :S <CR> <ESC >; 18 <ESC >I 0000 <ES C >IL <ESC »«:SR <ESC > :OL <ESC >K <ESC > < • 
60 ! EP <ESC >EF <ESC >-IPA <ESC >O : >/.I.A :EP <ESC > >EQ <ESC > <ESC > 
61 l CVTECO EL.&WWDWG.HF 
62 ! IPA <ESC >10 « « :FX tQOOO <ESC >: >J <ESC >«:FY +0000 <ESC >: > <• 
63 t «:SR <ESC >;-IPA <ESC >O; >%%A :EP <ESC »EX <ESC ><ES C > 
64 t HAR OF I LE EL.&WWDWG.TEMP 
65! OK 
66 ! EOJT EL.&WWDWG.HF I 
67 ! TIOOOOO 
68 ! Q 
69! HARDFILE 
70! DELFIL EL.&WWDWG/PEPZ 
71 t DELF!L EL.&WWOWG/PEP 
72 ! EOJT EL.&WWDWG.PEP,N 
73t I 
74! 011 EL.&WWDWG.HFI 
75 t 012 EL.&WWOWG.PEP2 <CR> 
76 ! F 

Figure 1 (continued) 
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77 t COPYBCD EF .PEP .WWAIR ,EL.&WWDWG.PEP3 
78 ! OK 
79! CVTECO 
80 ! , ER EL.&WWDWG. TEMP <ESC >EA <ESC >ST M70 <ESC >6B <ESC >IOK <ESC >OL <ESC > <• 
BI t - IOK <ESC) ( ( :F <ESC): >J <ESC) ( (:FI <ESC >: >XA <ESC >HK <ESC > <ESC) (+ 

82 f EBEL.&WWDWG.PEP3 <ESC >EA <ESC >7 «:SI l <ESC >: IB <ESC >GA <ESC » < • 
B 3 ! J <ES C > I < < :SK = <ES C > : GA <ES C > >EX <ES C > < E 5 C > 
84 ! PEP EL.&WWDWG.PEP3/00=EL.&WWDWG.PEP 
85 t CADDS 
86! 1212 
871 MERGE FILE EL.&WWDWG.PEP2 
88 ! EL.&WWDWG.PEPZ PAIR 
89 t S'0.000' :20 <CR> 
90! · S'-;:19<CR > 

91 f MERGE FILE" EL.&WWDWG&&REV&&REV 
92 f EL.&WWDWG.PEP2 FILE EL.&WWDWG.PEPI BLNK 
93 f 18-24 :18 
94! 26-32 :26 <CR> 
95! S' ':18 
96! l-14:19<CR> 
97 f EXIT <CR >DG 
98 f CVTECO EL.&WWDWG.PEPI 
99! 10«.«:F<CR>O 0 O<ESC>:>EP<ESC»EX<ESC><ESC> 

100! CVTECO EL.&WWDWG.PEPI 
IOI! I++ XEROX CORPORATION .. 
1021 WIRING REPORT FOR &DWGNO REV &REV 
103! WIRE &WIRE STRIP LENGTH = I INCH ROUTlNG AIR <CR> 
1041 SEQt BIN LVL FROM TO<CR><CR><ESC>J<ESC><• 
105! IO««:F<CR> 0 0 O<ESC>:>EP<ESC»EX<ESC><ESC> 
106 t COPYBCD EF.BI N,EL.&WWDWG.Bl N 
107! OK 
108 t COPYBCD EL.&WWDWG.PEPI .EL.&WWDWG.PEP4 
109! OK 
110 r CADDS 
111 t AAAA 
112! SORT FILE EL.&WWDWG.PEP4 HDR6 LPPIOOO 
113 f 7,..8 <CR> 
114 I RUN TALLY EL.&WWDWG.PEP4 HDR6 LPP 1000 
115 ! EL.&WWDWG.PEP4 DEL. · 
1161 1-3 
117 f 7-8 <CR> 
118 t MERGE FILE EL.&WWDWG.PEP4 HDR6 LPPIOO 
119 ! EL.&WWDWG.BI N PAIR HDR5 LPPIOO 
1201 7-8 :15<CR> 
121 ! I -3 :5 7 <CR > 
1221 EXIT <CR >DG 
123 ! CVTECO EL.&WWDW6.BIN 
124 r :SWIRE Bl N CHART FOR <ESC > :l&DWGNO <ESC > <• 
125! J<ESC>:SREV<ESC>:l &REV<ESC>J<ESC><• 

Figure 1 (cont.) 
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12 6 I < < :5 . 0 0 0 <CR > <ES C > ; - I L <ES C > I K <ES C > > J <ES C > < • 
127! <<:S.250<CR><ESC>:-IL<ESC>IK<ESC>>J<ESC><• 
12 8 t < < :5 . 5 0 0 <CR > <ES C > ; - I L <ES C > I K <ES C > > J < E 5 C > < • 
129 ! < < :S.750 <CR> <ESC >:-IL <ESC >IK <ESC >>EX <ESC > <ESC > 
130! DELFIL EL.&BCD/PUNCH&WWOWG 
131 ! EDIT EL.PUNCH&WWDWG,N 
1321 I 
133! ATTACH PT,FPTP 
134 t PPTDEV PT 
1351 SETPUNCH EVEN 
136 ! EDIT EL.&WWDWG.HF 
137! p 
13Bt Q«CR> 
139 t DETACH PT 
140! OELFIL EL/WW&DWGNOMREV 
141 t DELFIL EL/&WWDWG&&REV 
1421 DELFlL EL.&BCO/PUNCH&WWDWG 
143! DELFIL EL.&BCD/WW&DWGNO&&REV 
1441 DELFIL EL.&BCO/&WWDWG&&REV 
145! DELFIL EL.&WWDWG.&BCD/HFO 
146 t DELFI L EL.&WWDWG.&BCO/HF I 
147! DELFIL EL.&WWOWG.&BCD/TEMP 
148 l DELFlL EL.&WWDWG.&BCO/PEP 
149! OELFIL EL.&WWOWG.&BCO/PEPZ 
150! DELFIL EL.&WWDWG.&BCD/PEP3 
151 ! DELFIL EL.&WWDWG.&BCD/PEP4<CR > 
1521 F<CR> 

Figure 1 (continued) 

E F . ED F . &8 CD . M U LT I SH TA 

11 ....................... EXTRACT.DEFINITION.FILE •••••••••••••••••••••••• 
2 t • 
3 ! I SECTION ti - DAT A EXTRACT ITEMS 
41 • 
5! •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
61 • 
7! ) 
8! ) 
9! 

10 I > 
11 ! • 

/UNIV.ITEMS 
/COMP.ITEMS 
/TERM.ITEMS 
/NETW.ITEMS 

I 
I 
I 
I 

121 • NORMAL EXTRACT PROCEDURES 
13 r • 
14 l • PARTNO 
151 - • TITLE 
161 • REV 
17 ! > RE FOES 

/U Nl V .NTXT .IF -TNOD-PROPNAME/PART NO 
/UNIV.NTXT.IF-TNOD-PROPNAME/TITLE 

/UN IV .NTXT. IF -TNOD-PROPNAME/R"EVISION 
/COMP .NTXT .I F-TNOD-PROPNAME/ELEMNAME 

Figure 2 (continued) 
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IB ! > DEFNAME /NETW.DEFAUL T-NAME/"XS" 
19 ! > SIGNAME /NETW.NTXT .IF -LAYER/0-255 
20! > BUS /TERM.REJECT.JF-PROPNAME/BUS 
211 '> PINNO /TERM.NTXT.IF-TNOD-PROPNAME/TERMNAME 
22 I > SHEET /UNIV .NTXT.IF -TNOD-PROPNAME/SHEET 
23! > PINNOI /TERM.PCES-PlN-NUMBER/ 
241 > IGNORE. /COMP.REJECT.IF-PROPNAME/IGNORE 
25! > IGNORE! /COMP.REJECT.IF-SUBFIG-NAME/"-" 
26! > IGNORE2 /COMP.REJECT.IF-PROPNAME/ONPAGE 
27! •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
2Bt • 
291 2 SECTION #2 - PAGE FORMAT SPECIFICATJONS: 
30! • 
31! •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
32 ! • 
33! • NUMBER OF PRINT UNES PER PAGE: 
34 t ) 60 
35! • NUMBER OF COLUM_N POSITIONS PER PRINT UNE: 
36 r > 12 
3 7 ! • NU MB ER 0 F PAGE HE ADER LI N ES 11 N SECT I 0 N '7 l : 
38 t ) 0 
39! • NUMBER OF ITEM FIELD DESCRIPTOR RECORDS (JN SECTION t81: 
40! ) 6 
41 ! • 
421 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
421 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
431 • 
44! 8 SECTJON 18 - ITEM FIELD DESCRIPTORS: 
45! • 
46! •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
47 ! • 
48 ! • PART N 0 ' I, 12, 2 4' - I , 0' 0 I 0 
49t • TITLE I 2, 9, 30, -I, 0, 0, 0 
50! • REY , I, 32, 33, •I, 0, 0, 0 
51 f > REFDES I 0, 24, 28, -1, 0, 0, 0 
52! > PINNOI , 0, 29, 33, -I, 0, 0, 0 
531 > PINNO I 0, 29, 33, -1, 0, 0, 0 
54! ) SHEET I o. I, Z, I, 0, 0, 0 
55 t > DEFNAME , 0, 3, 20, -1, 0, 0, 0 
56! ) SIGNAME I 0, I, 20, -I, 0, I, 0 
57! ••••••••••••••••••••••••••••••• END •••••••••••••••••••••••••••••••••• 

Figure 2 (continued) 

EF .OAT A.&B CO .KEY A 

I! MATCHIS I MATCHIE 20 ELEMENT IS 24 ELEMENTIE 28 ELEMENTZS 29 ELEMENTZE 33 
2 J COUNT 3 QUESTION 

Figure3 
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E F . EDF . &B CD . X Y C 0 0 R D 

I ! 
21 
3! 
4t 
5f 
61 
7! 
81 
9! 

10 t 
I It 
121 
13 ! 
14 l 
15 ! 
16 f 
17 t 
IB I 
19 ! 
201 
21 ! 
22! 
23! 
241 
251 
26( 
271 
28! 
291 
301 
31 f 
321 
33! 
34! 
35! 
361 
37! 
38! 
39! 
40! 
41 f 
42! 
431 
441 
45! 
46t 
47! 

.................. EXTRACT.DEFINITION.FILE· ................... .. 

.................. FOR X Y COORDINATE W/W BOARDS ................... .. 
• 
I SECTION #I - DATA EXTRACT ITEMS 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• AJNIV.ITEMS I 
> /COMP.ITEMS I 
> /TERM.ITEMS I 
• /NETW.ITEMS I 
• 
• NORMAL EXTRACT PROCEDURES 
• 
> REFDES /COMP.NTXT.IF-TNOO-PROPNAME/ COMPNAME 
> PINI /TERM.PCES-PIN-NUMBER I 
> Pl NZ /TER M.NTXT .IF -TNOD-PROPNAM E/ TERM NAME 
> XCOORD /TERM .COOR DI NATE I 0.0 "X" 
> YCOORD /TERM.COORDINATE I 
> /COMP.REJECT.IF-PROPNAME I 

0.0 "Y" 
IGNORE 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
2 SECTION #Z - PAGE FORMAT SPECIFICATIONS: 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• NUMBER OF PRINT UNES PER PAGE: 
>GO 
• NUMBER OF COLUMN POSITIONS PER PRINT LINE: 
> 72 
• NUMBER OF PAGE HEADER LJNES IIN SECTJON #]): 
> 0 
• NUMBER OF ITEM FIELD DESCRIPTOR RECORDS (IN SECTION t8J: 
) 5 
• 
........ t .............................................................. ' ............ . 

.. 
8 SECTION t8 - ITEM Fl ELD DESCRIPTORS: 

..................................................................................... 
> REFOES I 0, I, 5, -1. 0, 0, 0 
> PINI , 0, 7, 12, -I, 0, 0, 0 
> PlN2 01 7, 12, -1, 0, 0, 0 
) XCOORD I 0, 17. 24, +I, 3, 0, 0 
> YCOORD , 0, 25, 32, t I, 3, 0, 0 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ END • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Figure 4 
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EF .PEP .&BCO.WWAIR 

I ! INT E GR/BIN 11,X I ) I y 11, N I ) ILE v ( I 
21 INT EGR/LL,M MI CNT ,K,I 
31 REAL/XX(l,YYIJ 
41 K= 
5! FMTI FORMATl6X,l2,IX,15,IX,15,IX,141 
6 r FMT2 FORMAT! 13,15,14,4X,F8.3,F8.3l 
7 r DO LABI I=l,K 
B ! READI 11,FMTllBINI Il,X(ll,Ylll,NI II 
9 ! LABI CNTINU 

10! XX( ll=.005•X( II 
II! YYI ll=.005•Y( II 
12! LEV!ll=I 
13 ! CNT=I 
141 MM=I 
15 f DO LAB3 I =Z,K 
16 t LL =BI N ( 1 l 
17 ! WHEN/LL.GE.98 
18 I LEV I Il=O 
19 ! B I N I I I =O 
20 l JUMPTO/LAB2 
21! ENDWHN 
221 WHEN/CNT.EQ.2 
23 ! LEV 111=2 
24! JUMPTO/LAB2 
25! ENDWHN 
2 5 ! WHEN/LL.LT. M M 
27 ! CNT=2 
28! LEVIIl=2 
29! OTHRWS 
301 LEV!Il=I 
31! MM=LL 
321 ENDWHN 
33! LABZ CNTINU 
341 XX(Jl=XX!l-ll•.005•Xlll 
35 ! YY I I l=YY (I - I l + .005 •Y (I l 
3t>t LAB3 CNTINU 
37! DO LAB5 I=l,K 
38! WRITE(l2,FMT21Nlll,BINIIl,LEV!Il,XXIIl,YY(JI 
39! LAB5 CNTINU 
40 t FIN I 

Figure 5 
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E F . &B C 0 . B I N 

I 1 . . . . .. . . . . . •••••••••• 
2 ! WIRE BI N CHART F 0 R REV 
31 .. .. • .. • .. .. • +. •••••••••• 
4! + Bl N t LENGTH( I NCHESl QTY t 

5! .. . . .. . .. . •• + •••• 

61 I 0.500 
71 z 0.750 
8t 3 1.000 
91 4 1.250 

10 I 5 1.500 
11 1 6 1.750 
12 t 7 2.000 
13 ! 8 Z.250 
14 t 9 2.500 
15 f 10 Z.750 
16 t II 3.000 
11 r 12 3.250 
18 t 13 3.500 
191 14 3.750 
201 15 4.000 
21! 16 4.250 
221 17 4.500 
231 18 4.750 
241 19 5.000 
251 20 5.250 
26! 21 5.500 
27 ! 22 5.750 
28! 23 6.000 
29! 24 6.250 
30! 25 6.500 
31! 26 6.750 
321 27 7.000 
33! 28 7.500 
34! 29 B.000 
35! 30 8.500 
36! 31 9.000 
37! 32 9.500 
38 t 33 10.000 
39! 34 10.500 
40! 35 11.000 
41 ! 36 11.500 
421 37 12.000 
43! 38 12.500 
44t 39 13.000 
45! 40 100.000 

Figure 6 
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EL .99T22 I - C 10 I.BIN 

. . ,• ...... . •••••••••• 
WIRE BIN CHART FOR 99T00221-CIOI REV B 

•••••••••• •••••••••• 
• BIN# LENGTH (I NCH ES) QTY • 
••••••• • •••••• 

11 3.000 19 
12 3.250 35 
13 3.500 49 
14 3.750 27 
15 4.000 34 
16 4.250 17 
17 4.500 16 
18 4.750 21 
19 5.000 2l 
20 5.250 16 
21 5.500 21 
zz 5.750 10 
23 6.000 16 
24 6.250 11 
25 6.500 5 
26 6.750 9 
27 7.000 11 
28 7.500 5 
29 8.000 ! 
30 8.500 I 

Figure 7 

EL .99 T22 I - CI 0 I.PEP I 

•• XEROX CORPORATION • • 
WIRING REPORT FOR 99T00221-CIOI REV B 

WI RE #26 STRIP LENGTH= I INCH ROUTING XY 

SEQ# BIN LVL FROM TO 

I II Ul7 3 Ul7 5 
2 11 Cl 2 U8 14 
3 11 U27 4 U29 I 
4 11 U29 4 U31 I 
5 11 U31 4 U33 I 
6 11 U26 4 U28 I 
7 II U28 4 U30 I 
8 11 U30 4 U32 I 
s 12 JI 8 J2 I 

Figure 8 
(continued) 
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10 12 I Ul9 I Ul9 4 
II 12 I UZI I UZI 4 
12 12 I U23 I U23 4 
13 12 I UZ5 I UZ5 4 
14 12 I UIS I UIB 4 
15 12 I uzo I uzo 4 
16 12 I U22 I U22 4 
17 12 I UZ4 I UZ4 4 
18 12 I FCI 23 FCI IB 
19 12 I RZ 9 R3 16 
20 12 I U8 I U8 4 
21 12 I U8 13 U8 10 
22 12 I U7 I U7 4 
23 12 I U7 13 U7 10 
24 .12 I Ul4 I U14 4 
25 12 I U14 13 Ul4 10 
26 0 0 XOYO I 
27 12 I Ul3 I Ul3 4 
28 12 I Ul3 13 Ul3 10 
29 12 I UIO I UIO 4 
30 12 I UIO 13 UIO 10 
31 12 I U9 I U9 4 
32 12 I U9 13 U9 10 
33 12 I UIZ I UIZ 4 
34 12 I U12 13 Ul2 10 
35 12 I U 11 I U 11 4 
36 12 I Ul I 13 U II 10 
37 13 I R5 I Ul7 I 
38 13 I U26 7 R3 I 
39 13 I U26 6 R3 2 

Figure 8 (continued) 

EL.99T221-CIOl.HF 

T M70M97 
T M70M I IX-0400Y-0280NOOOIN 
T M70M98Y-0040 
T M70M97 
T M70M I IX +0260Y +Q3ZON0002N 
T M70M98Y-0040 
T M70MllX-04ZOY-04ZON0003N 
T M70M98Y-0040 
T M70M I IY-0060N0004N 
T M70M98Y-0040 
T M70M I IY-0060N0005N 
T M70M98Y-0040 

Figure9 
(continued) 
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T M70M I IX-0160Y +0240N0006N 
T M70M98Y-0040 
T M70M I IY-0060N0007N 
T M70M98Y-0040 
T M70M I IY-0060NOOOB N 
T M70M98Y-0040 
T M70M97 
T M70M 12X +0320Y +0140N0009N 
T M70M98Y-0050 
T M70M97 
T M70M IZX-0160Y +06ZONOOION 
T M70M98Y-0060 
T M70M IZY-0040NOOl IN 
T M70M98Y-0060 
T M70M IZY-0040NOOIZN 
T M70M98Y-0050 
T M70M IZY-0040NOOl3N 
T M70M98Y-0050 
T M70MIZX-0160Y+0360NOOl4N 
T M70M98Y-0060 -
T M70M 12Y-0040NOOl5N 
T M70M98Y-0060 
T M70M IZY-0040NOOl6N 
T M70M98Y-0050 
T M70M IZY-0040NOOl7N 
T M70M98Y-0060 
T M70M IZX-0800Y-0080NOO 18 N 
T M70M96X-0020 
T M70M98Y +0060 
T M70M 12X +Q600Y +Q020NOO 19N 
T M70M98Y-0060 
T M70Ml2X•0850Y+0380N0020N 
T M70M98Y-0060 

Figure 9 (continued) 

EL.99T22I-C10 IBB 

CE 36 0.300 -0.200 
CE I 0.400 -0.200 
CE 2 0.400 -0.300 
CE 3 0.400 -0.400 
CE 4 0.400 -0.500 
CE 5 0.400 -0.600 
CE 6 0.400 . -0. 700 
CE 7 0.400 -0.800 
CE 8 0.400 -0.900 
CE 9 0.400 -1. 000 

Figure 10 

190 

(continued) 



CE 10 0.400 -I. I 00 
CE 11 0.400 -1. 200 
CE 12 0.400 -1. 300 
CE 13 0.400 - I. 400 
CE 14 0.400 -1. 500 
CE 15· 0.400 -1. 600 
CE 16 0.400 -1. 700 
CE 17 0.400 -1. 800 
CE 18 0.400 -1. 900 
CE 19 0.400 -2.000 
CE 20 0.400 -z. I 00 
CE 21 0.400 -2.200 
CE 22 0.400 -2.300 
CE 23 0.400 -2.400 
CE 24 0.400 -2.500 
CE 25 0.400 -2.600 
CE 26 0.400 -2.700 
CE 27 0.400 -2.800 
CE 28 0.400 -2.900 
CE 29 0.400 -3.000 
CE 30 0.400- -3. I 00 
CE 31 0.400 -3.200 
CE 32 0.400 -3.300 
CE 33 0.400 ·3.400 
CE 34 0.400 -3.500 
CE 35 0.400 -3.600 
CE 70 0.300 -3.600 
CE 69 0.300 -3.500 
CE 68 0.300 -3.400 
CE 67 0.300 -3.300 

Figure 10 (continued) 

EL. WW99T0022 I - C 10 I BB 

001 ZXSOOOI U3-6 UZ5-2 
002 2XS0003 u 1-8 Ul9-3 
003 ZXS0005 UZ-10 U23-2 
004 2XS0007 U2-4 UZI -3 
005 2XS0009 U2-8 U22-3 
006 2XSOOl I U3-2 U24-2 
007 2XSOOl3 UZ-12 U23-3 
008 2X50015 U3-4 U24-3 
009 2XSOOl7 U3-8 UZ5-3 
010 2X50019 u 1-6 Ul9-2 
011 ZXSOOZI Ul-12 UZ0-3 
012 2XS0023 u 1-4 UIB-3 
013 2XS0025 U 1-Z UIS-2 

Figure 11 
(continued) 
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014 2XS0027 U2-2 U2 I -2 
015 2XS0029 u 1-10 uzo-z 
016 2XS0031 UZ-6 U22-2 
017 2XS0034 u 17-11 UI 7-9. Ul7-5 Ul7-3 u 17-1 R5- I 

j 1-1 
018 2XS0062 JZ-1 JI -8 
019 3XS0002 U4-5 R3- I U26-7 
020 3XS0004 U4-9 R3-2 U26-6 
021 3XS0006 U4- I I R3-3 U27-7 
022 3XS0008 U5- I R3-5 U28-7 
023 3XSOOIO U6- I 3 R4- I 6 U33-6 
024 3XSOOl2 U5- I I R4-9 UJ0-7 
025 3XSOOl4 U6- I R4- I I U31-7 . 
026 3XSOOl6 U5-5 R3-7 U29-7 
027 3XSOOl8 U6-9 R4- I 4 U32-6 
028 3XS0020 U5- I 3 R4-10 U30-6 
029 3XS0022 U5-9 R3-8 U29-6 
030 3X50024 U6-3 R4- I 2 U31 -6 
031 3XS0026 U5-3 R3-6 U28-6 
032 3XS0028 U4- I 3 R3-4 UZ7-6 
033 3XS0030 U6- I I R4- I 5 U33-7 
034 3X5003Z U6-5 R4- I 3 U3Z-7 

Figure 11 (continued) 
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INTRODUCTION OF A CAD SYSTEM 
FOR PRINTED CIRCUIT BOARD DESIGN 
BASED ON COMPUTERVISION SYSTEMS 

1. ABSTRACT 

by 
H. Rohrbacher, G. Martin 

Manager, Support System Development 
Standard Elektrik Lorenz AG 

Stuttgart, West Germany 

The present article covers the process of introduction of computer aids for PCB's into an 
electronic industry, the analysis of the present status and the future aspects. 

For the particular industry in question the best approach was a combination of commer
cially available dedicated hardware and software and internally developed software running on 
general purpose computers. 

2. INTRODUCTION 
All stages in the life of an electronic system - from the functional design through de

tailed design, board layout, manufacturing, acceptance testing to field or system integration 
testing - will eventually be controlled or supported by computers. During the last decade 
computer aids have been offered for each of these steps. 

Normally these systems are independent of each other and most of the data transfer and 
consistency check of shared information is done by people. 

Consequently when companies start to introduce a new set of computer aids, much effort 
and time is spent to integrate it into the existing and used systems. The established system has 
to be supported and upgraded by an internal system group. 

In the following chapters the development of the CAD system for printed board layout 
and document generation is presented. 

3. CAD SYSTEMS FOR PRINTED BOARD LAYOUT 
In the area of printed circuit board design three major ways of computer aided processes 

have been established. These ways and the hardware systems used are shown in figure 1. 

3.1 Computer Aided Digitizing and Plotting (CDP) 
The first step into CAD was the introduction of a system consisting of a digitizer and a 

photoplotter in 1970. This system replaced the "manual taping" process followed by 
photographic reduction. 

The only documents which can be produced are films for the artwork. Our company in
stalled two AEG digitizers, type RPE and one photoplotter GERBER 1232 in 1970. On the 
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digitizer the x,y coordinates of the tracks and holes are taken from the layout sketch and 
punched on papertape together with the commands for the photoplotter. 

DATA CAPTURE 
CONVERSION 

EDITING 
PROCESSING' 

AEG 
DIGITIZER 

CDP 

CAE 

CV-SYSTEMS 
TERMINAL 

CAD 

~ VAXU/780 ~ 
• I 

~ -- ............. .._ ..... ' 

Figure 1: Hardware configuration 

DOCUMENT 
GENERATION 

LIB. 
DATA 

GERBER FILMS 
PHOTOPLOTTER 

DOCUMENTS 

CV-SYSTEM 
TERMINAL 

SOFTWARE 
SUPPORT 

Digitizing errors are corrected directly on the papertape. 
This system is still operational and used for board layouts, and small changes. The 

benefits are very fast turn around time and small machine costs. 

Achieved results are: 
Cost reduction (in 1976): """ 2 : 1 (manual taping : CDP) 
Processing time : 7 h } . . 
Elapsed time : 3 days double sided, 4 x 6.5 mch 

Documents produced: 
Artwork film side 1 
Artwork film side 2 
Drilling film 
(Solder resist mark) 

3.2 Computer Aided Editing (CAE) 
A more comfortable and flexible CAD system is achieved by the use of an Interactive 

Graphic System. The additional equipment consisting of a computer, graphic terminals and a 
pen plotter enables to check the digitized data and edit them if necessary. 

Further on not only layout artwork will be produced but also checkplots of electrical 
schematics and component mounting diagrams using element libraries. 

The previous system has been extended by Computervision Systems with Nova 1200 pro
cessors and Design Terminals in 1975. 

The CAE process is used for more complex boards, backpanels and since 1978 for digitiz
ing electrical schematics from a sketch. 

The achieved results are (for layouts only): 
Cost reduction (in 1978): """ 1.3 : 1 (CAE : CDP) 
Processing time : 20 h 
Elapsed time : 5 days (without layout sketch) 
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Additional documents which are generated: 
Circuit schematics 
Assembly drawing 
White print mask 
Solder resist mask 
Assembly parts list 
Net list for In-circuit Tester 
Drill tape on request 

3.3 Computer Aided Design (CAD) 
The addition of more computer power to the system gives the capability to replace some 

of the manual activities by algorithmic programs, i.e. gate assignment, placement, routing, 
logic simulation and automatic test program generation. 

The programs for gate assignment and component placement run on a VAX 11/780. 
Logic simulation and automatic test program generation systems are installed on the IBM 
3033. 

For routing the standard program on the Computervision System is used. The difference 
to the CAE process is that digitizing of the layout can be omitted. Normally the algorithmic 
programs give a 90-95% solution which is completed by CAE. 

The full CAD process is at present in the phase of pilot production. 
Results achieved so far: 

Cost comparison (1980) 
expected : 

Processing time 
expected: 

Elapsed time 
expected: 

Time to complete layout : 

4. ORGANIZATION 

1: 1 CAE: CAD 
2 : 1 
1 : 1 
3 : 1 
14 days 
6 days 

1 hour I open line 

For the SEL Telecommunications Group the CAD activities are allocated in one central 
organization. 

4.1 Operating and Service 
The CAD equipment is installed centrally in one area. The centralization enables exact 

job accounting, good terminal capacity forecast, backup during downtimes of one machine, 
and quick service for users' requirements of tapes and disks. 

The digitizers and photoplotters are managed in closed shop technique which is natural 
for those systems. 

The CV Systems and the VAX are organized in open shop and are available in one slight
ly extended shift. To enable the PCB layouters the use of the system, an 8 day training course 
and permanent support on the job is offered. Approximately 40% of the potential users have 
been trained up to now. 

4.2 Software Support 
From the very beginning the decision was made to start with a turnkey system but to do 

own programming: 
The reasons were: 

Non-availability of announced software 
Long run times of some standard software 
Special interfaces for in-house purposes. 
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Own software developed by SEL or fundamental changes in the CV software are listed 
below: 

Data capture and transformation: 
Interface from AEG digitizer to CV - special 
Net list generator } _ faster than CV 
Nodalizer (adds nodal information) 
Libraries (physical and schematic symbols) - special 

Algorithmic processes: 
Component packaging and placement 
Logic simulation 
Automatic test program generation 

} "".":'"" not available from CV 

Documentation process: 
Artwork output for Gerber - special 

The amount of own software is given in figure 2. 

CV~ SCHEMATIC CAPTURE 

} NETLIST GENERATION 20 K 

NODALISATION CODE 
POSTPROCESSORS 

VAXll/780 r GATE ASSIGNEMENT 

} PLACEMENT 16 K 

BACKANOTATION CODE 
CV - INTERFACE 

IBM 3033 ~ LOGIC SIMULATION } 30 K 
AUTOMATIC TESTGENERATION 

CODE 
IGS - INTERFACE 

Figure 2: Software developed in-house 

The Software Support Group is also responsible for installation and test of new revisions 
of operating systems and graphic software, for .trial application of new software modules and 
users' documentation and training. The effort is split up in figure 3. 

5. FUTURE ASPECTS 
In the past the CAD systems have proved to be an economic tool for PCB design and 

documentation. At present the installed machine capacity is still too small to process all PCB 
design on the systems. In the next four years three activities will continue: 

- installation of additional capacity 
- increase the capability of the algorithmic programs 
- additional types of documents produced. 
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Figure 3: Terminal capacity for support 

The goal is to come up with a system capacity to handle all PCB's developed in SEL 
from 1985 onwards. 

The trends are shown in figure 4. 

ACTIVITY 
ioo---~~~~~~~~~~~~~------

/. 
MANUAL 
TAPING 

50 " .. .. 
" 

" 
, .. .. .. ,• .. ,. .. .... . . .. .. . 

0 
1975 1980 1985 

YEAR -

Figure 4: Plans for the next years 
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ABSTRACT 

CVLCAP 
COMPUTERVISION LOGIC 

CIRCUIT ANALYSIS PROGRAM 

Allen Brown 
Computervision Centre 

1040 Uxbridge Rd. 
Hayes, Middlesex 

England 
1-561-2626 

CVLCAP is a computer program that analyzes electrical networks of logic gates. It runs 
on any CV system which has at least one COMDEV (system console or designer work 
station), disk storage and the CADDS/PEP applications software. CVLCAP is modeled on 
concepts put forth in the reference listed below. 

The program is written in Computervision PEP and has provisions for selecting either of 
two modes of running. The "learner/auto-tutorial" mode provides detailed instructions to the 
user at each step in the program. For those familiar with the program's man/machine dialog 
requirements there is a much less verbose "expert user" mode. 

INTRODUCTION 
CVLCAP provides the design engineer with a useful design tool to verify that a network 

will function as logically expected. Seven types of gates, AND, OR, XOR, NANO, NOR, 
NXOR and INVERTER (or NOT), are recognized by the program. A gate may have up to 
eight input nodes but only one output node. 

A description of the logic circuit to be analyzed is input and any or all of five tasks are 
performed on it. Briefly, the tasks are as follows: 

1. The user assigns a unique number to each gate of interest and states its type. Unique 
numbers are also assigned to the input and output nodes of these gates. 

2. The user defines the state of these nodes. 
3. CVLCAP exercises the logic circuit until stability of nodal values is attained. 
4. The CV computer prints out the state of the nodes. 
5. The CV computer summarizes the circuit's logic elements. 

The designer can analyze the output from task four to determine if the logic circuit will 
perform as he had expected. 

While theoretically,· this program and the CV computer can handle networks of up to 
1200 gates and 4800 nodes, from a practical standpoint CVLCAP will be most used with logic 
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circuits of more than 10 gates and up to the point where chips rather than discrete logic con
stitute the network. 

GATES AND STATES 
A gate by definition, is a device which produces a single logical output state as a function 

of one or more input states. A binary logic state is a value of either fl or 1. If a state is 
unknown, CVLCAP provides for a random or "undefined" state which is represented by an 
asterisk (*). 

Figure 1 shows a set of truth tables for AND, OR and exclusive OR (XOR) gates with 
two inputs and for NOT which, by definition, has only one input. The truth tables for 
NANO, NOR and XNOR can be obtained by simply complementing the tabular values in the 
AND, OR and XOR tables respectively. 

The asterisk (*) is defined for CVLCAP purposes to be its own complement. Although it 
is possible to represent the "undefined complement" with its own symbol, this makes no 
sense if there is more than one undefined state in the circuit. Clearly, two undefined states 
could have opposite values. Therefore, the ORing of an "undefined" with an "undefined
complement" would not necessarily yield a value of 1. 

AND OR 

~ 1' 1 * ~ ~ 1 * 
~ 1' ~ ~ 0 1' 1 * 
1 1' 1 * 1 1 1 1 

* 1' * * * * 1 * 

XOR NOT 

1' 1 * 1' 1 

1' 1' 1 * 1 ~ 

1 1 ~ * * * 
* * * * 

Figure 1 

USING CVLCAP 
The CVLCAP program will perform any of the following five tasks: 

TASK FUNCTION 
1. Accept the logic circuit description input interactively or from a data file. 
2. Accept assignment of node states interactively or from a data file. 
3. Exercise the circuit until its nodal value stability is attained. 
4. Output to the list device or to a data file, an ordered list of the defined node state 

array. 
5. Output to the list device or to a data file, and ordered list of all gates in the circuit. 

The network of gates and nodes (lines) which represent the logic circuit to be investigated 
must be specified. The rules for describing the features of the network are outlined below. 
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.. 
Each gate must have only one output node. An INVERTER (NOT) gate has only one in-

put, as well. XOR and XNOR have two inputs, while AND, OR, NAND and NOR gates may 
have up to eight. 

Each node will have one of three values, logic S, logic 1 or "undefined" (*). If a nodal 
value is not explicitly declared, CVLCAP assigns a default value of "undefined". 

Each gate must be labeled with an integer sequence number and so must each node. The 
order in which gates or nodes are labeled is irrelevant but each gate must have a unique label. 
Each node must also have a unique number but a gate may have the same number as a node 
since CVLCAP maintains separate lists for each. Normally, these integer labels will be the 
standard CV symbol sequence numbers. 

RUNNING CVLCAP 
To invoke CVLCAP, the user needs only to enter the commlilld: 

XPEP CVE.CVLCAP 
into the CV computer within CADDS. 

The clerical details of how the circuit description and the nodal states are input is com
pletely auto-tutorial in actual program usage. The graphical representation of the circuit to be 
analyzed does not necessarily need to be in the CADDS data base. It can be in any other 
graphical or tabular form but most probably it would originate from an on-line display of a 
logic program with CV sequence numbers at the CV workstation. 

CVLCAP is a complete hand holding program which will give the user total guidance at 
all times unless the user deliberately chooses the "expert user" mode. In that case the detailed 
explanations are shortened. 

Normally, the sequence of operations is: 

1. Input the circuit description 
2. Verify the circuit description 
3. Assign nodal values 
4. Verify the nodal values 
5. Exercise the circuit 
6. Verify final nodal values 
7. Modify circuit description 
8. Verify the circuit description 
9. Change nodal values 

10. Verify the nodal values 
11. Exercise the circuit 
12. etc ...... . 

(Task 1) 
(Task 5) 
(Task 2) 
(Task 4) 
(Task 3) 
(Task 4) 
(Task 1) 
(Task 5) 
(Task 2) 
(Task 4) 
(Task 3) 

A simple logic circuit is shown in Figure 2. Figures 3 and 4 respectively show a cir~"1it , 
description and gate status description after executing CVLCAP for this circuit. · 

26 

49 
88 

Figure2 
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CIRCUIT GATE LIST 
GATE TYPE 0 UT# 1J!# IN# IN# IN# IN# _IN# IN# IN# 

2 INV 88 50 
7 NOR 26 21. 2 

13 OR 49 88 50 

49 NANO 100 26 49 

Figure 3 

NODE VALUES 
NODE V NODE V NODE V NODE V NODE V NODE V NODE V NODE V NODE V NODE V -- --- ------ --- --- --- --- - -- - ---

2 ~ 21 1 26 ~ 49 1 1~~ 1 

Figure 4 

HOW CVLCAP WORKS 
CVLCAP is written in PEP and is invoked from a PEP object file, CVE.CVLCAP. The 

program assumes that it is dealing with a novice user unless it is told otherwise. It is a forgiv
ing program, i.e. the user is allowed to respecify any input item and he is warned before any 
input data is overwritten. 

If the user indicates in response to a prompt, that he is specifying a new circuit, all node 
state data is set to "undefined" and all gate descriptions are set to "null". The user then 
changes these conditions with his input. 

If the user indicates that he is not specifying a new circuit, conditions already entered re
main and he can change those nodes and/or gates that he wishes. 

The heart of CVLCAP is the circuit analysis (Task 3). It is a simple and straightforward 
process. Each gate is examined. If it is a "null" gate, i.e. not defined, it is ignored. If the 
gate is defined, its output node value is computed from its inputs. If the computed output 
node value is different from the current output node value, the latter is changed and the 
"node change" flag is set. After every node has been analyzed, the node change flag is ex
amined. If it is set, the entire circuit analysis process is repeated. Theoretically, it is possible 
that an oscillating type circuit may never reach stability and iterate forever. However, 
CVLCAP intervenes after the user-specified maximum number of iterations is reached and 
presents the user with an opportunity to continue execution or to request another task. 

If a gate remains undefined, it is never listed by the circuit description part of the pro
gram (Task 5). If a node is still in an undefined state, it is never listed by the nodal descrip
tion part of the program (Task 4). 

SUMMARY 
CVLCAP is a completely auto-tutorial interactive program written in Computervision 

PEP which allows a user to analyze networks of logic gates. It is available through normal 
Computervision software distribution channels. 

Reference: LOGAN ... A Circuit Analysis Program, Robert J. Bishop, Interface Age, May 
1977. 
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ABSTRACT 

"BOOSTING YOUR PRODUCTIVITY 
THROUGH CUSTOM SOFTWARE 

& THE ZERO SALARY SHIFT" 

by 
Marta Maddy & Paul Minkin 

Honeywell Inc. 
Parkdale Plaza Bldg. 
1660 S. Highway 100 

St. Louis Pk, MN 55416 
612-542-5133 

Here are some simple economics of CADCAM: Make a Capital Investment in equipment, 
and training and prepare an expense budget for system overhead. We expect a good return on 
our investment - but how? Simply off set the depreciation and operating costs with operators 
utilizing the system at a productivity rate that is higher than manual methods. Obviously the 
systems pay for themselves when the increased productivity of the operators balances the 
costs. To speed up the payback CAD users will either be improving their productivity figures, 
or they will be using multiple shifts. This paper will explore various methodologies to increase 
the operators' efficiency. Specific concentration will be on custom software that typically set 
up execute files that can be run at night. This type of operation is not new and is typically 
referred to as the batch shift; but a more appropriate title is "The Zero Salary Shift". This ti
tle refers to the use of execute files on the CV system without an operator. This is using the 
computer as a robot and involves no salary overhead, hence the name .:....:... Zero Salary Shift. 

PRODUCTIVITY BOOSTERS ON A CAD SYSTEM 
Because of the nature of CAD systems, they elicit a higher· than manual productivity 

figure for an operator that has mastered the interaction between himself and the computer. 
The obvious things here are Auto-Routing, Auto-Placement for Printed Circuit Board layout, 
Dimensioning, 3-D work, and Mass Property Analysis for Mechanical Design to name a few. 
This mastery occurs through training and experience. It is crucial that each site has trained 
operators - otherwise the natural form of payoff is weakened and is delayed longer than 
necessary. Another very effective way to increase system productivity is by setting up jobs for 
the Zero Salary Shift. At Honeywell Residential our goal was to find the processing that could . 
be set up in an execute file and then to create these execute files with a minimum amount of 
effort by the operators and with a minimum amount of training. 
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SPECIFIC AREAS TO BOOST OUR PRODUCTIVITY 
Since we felt fairly confident that we could implement a Zero Salary Shift, the next step 

was to define the areas where the operator had a lot of lag time at the terminal or command 
sequences that could be greatly simplified by some outside processing. An example of lag time 
is a particular command that would take enough time for the operator to have a coffee break, 
read the sports page, or start thinking about lunch. Under this lag time category we felt we 
could gain time by preprocessing Photoplotting and Auto-routing, ending up with execute 
files to accomplish the task. Under the complicated command structure category, we felt 
Library Management and Part Releasing could use some smoothing out. The following chart 
indicates the areas where we put our efforts: 

GAIN A PRODUCTIVITY INCREASE SMOOTH OUT COMPLICATED PROCESSES 

PH OTO PLOTTING 
AUTO ROUTE 

LIBRARY MANAGEMENT 
PART RELEASING 

IMPLEMENTATION 
The methods an operator can use to set up execute files for batch runs are: 

1. Have the operator write th<;: execute files. 
2. Run a Parex or Var Pro file then input appropriate parameters, or . 
3. Write custom software to drive a question and answer session with the operator which 

would: loop with questions, handle and report input errors, and make operator
computer interface very easy, simple, and friendly. 

Because of our stated goal of a minimal amount of effort going into the operator's in
teraction with the computer we opted to write some custom software to interactively handle 
questions and answers, report errors, repeat sessions, and to optionally produce execute files 
which can be run on the Zero Salary Shift. This interface is to be easy, simple, friendly and 
look clean to the operator [1,5]. With our software we are able to provide step by step in
structions should they be necessary. Ultimately these front end software routines will update a 
disk file or produce one or more execute files that can be run on our Zero Salary Shift. 

CHOICE OF PROGRAMMING LANGUAGE 
Programming languages have been constantly maturing during the past 25 years. Modern 

languages have become easier to code, more comprehensible to an outside group, and more 
reliable. These modern languages also give more computer power per language construct than 
older, more poorly designed languages. A modern programming language will support a style 
of programming called structured programming. Structured programming is a systematic pro
gramming method developed around a small set of fundamental program control structures, 
and a small set of data structures that are used to create a program that is clearly laid out, 
easy to follow, easy to analyze, and easy to modify [4]. 

Computervision's COOS 200/10 allows a choice between TPL and FORTRAN-S for any 
custom code that is run from the system level (we did not consider doing any CADDS pro
gramming because of the overhead of CADDS, and the problem of maintaining the software 
from Rev. to Rev.) [2,3,6]. Altho"Qgh TPL does not support structured programming tech
niques as well as some other languages (notably Pascal, ADA), it certainly supports this 
enlightened form of programming more than FORTRAN. In the words of one of the many 
Computer Science Prophets: FORTRAN is a dinosaur, we must allow it to settle into ancient 
history. Thus we chose TPL. Our choice was also influenced by some other Software 
Engineering considerations: Along with the supply of system subroutines that comes with 
COOS 200/10, we also had access to TPL subroutines that were developed by Honeywell's 
Avionics Division. We also found adequate people resources for TPL software development 
within CV's Application Engineering crew; and also within our Avionics Division. 
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EXAMPLES: 

PHOTO PLOTTING 
The first software written was to produce execute files that would create photoplot files 

for the Gerber or Compucircuit photoplotter. We use an off site photoplotter and transfer our 
data to the plotter via tape. The following is the interaction that the operator has with the 
software: 

(1) 1-'· PHOTO 

P ~ i) T 0 ? L 0 T T HJ Ci 

* 

:+· 
.. 

;+: 

(2) ~HAT IS THE PART TO PH0TO PLOT? PWB.HD81IC-2 
('9 l~rlIC:H PLOTTER((: FOR COMPUCIRCIJIT, G FOR GE~:BER) <TEXT ;·rn::<:1 CHARS o:G) 

~\ TH~ E~ECUTE FfLE FOR Pul GERBER 15 X.TEMP.48218&181383482781 \ ~, 
( 5 ) S H ti P E FI L L ( 'i 1) P r-1 [> : N ) ? 
(6) TYPE IN THE PARRM TABLE N~MElTEXT MAX: a~ CHARS o:TEXT.GERaER. 1NFG2) 

(7/ 
·~f\ ( I 

( 9) 
(IC 
:. II ; 
~ i 2) 

HOw MANY PHOTCPLOTS TO M~KE(INT R:1-9 D:4 )? 

DO YOU ~ANT A ChECK PLOT E~ECUTE FILECY ORN u:N >?Y 
THE E~ECUfE FILE FOR CHECK PLOTS IS X.TE~P.4B21881813834B4581 
GO Y00 WANT TO u;E THE 8224CY OR N D:Y >? 
T~~ EXECUTE FILE FOR WRITING TO TR?E IS X.T~MP.4821B3181383485e81 
ThE FARITV OF THE TAPE DIFFERS FOR E~CH VEN~OR 
INFlN!TE GRAPHICS USES ODD. AVIONICS EVEN 

13) DO YOU WANT EVEN PARITY(Y O~ N ~:Y >?N 
lit, PLOT 1. 

TVPE IN THE LAYERS SEPARATED BY SPACES 
·) 2 12 :~3 

PL1)T 2 
TYPE IN THE L~YERS SEPAPATED BY SPACES 

PL(1T 3 
TV~E IN THE LAYERS SEPARATED GY SPACES 
~· ~ ;. .:n 
PLOT 4 
T'r'PE IN THE LA'iERS SEPf1i<RTED BY SPACES 

1;· 

This program is run from the system level (1), the user types in the part (2), and the plot
ter to use (3). The operator at (3) is informed that text input is requested, with a maximum of 
1 character, and the default is "G". The operator is informed of the execute file name at (4) 
followed by a parameter table request (5,6). At (7) the number of photoplots is determined: 
the input is integer, the range is between 1 and 9 plots, and the default is 4 plots. The oper
ator is then interrogated if a check plot execute file is needed (this will produce the commands 
to plot the board on either the 24 or 42 inch Versatec plotters (9,10)). The execute file that 
writes the photoplot output from the Put Gerber commands to tape is annunciated and the 
parity for the tape drive is determined (12,13,14). In (14) each plot layer scheme is deter
mined. The following is a listing of each execute file produced. 
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l>PRINT X.TEMP//Nt=. 

~.TEMP.&BCD.482188181383482781 

4-21-81 13; 35: ::~;, 

Ct1C1[;SCLf': 
iJ"-. 

p:,19. HD:3t I C-2 
3EL LAV 2 
ECH LAV 2 12 ::::3 
!''?NT 
PUT GERBER T8~LE TEXT.GERBER.INFG2 DS~FIL TE~T.GER8ER.PW8.HD81IC-2-1 
SEL LA'l ·:;t 
E C H L H 'I '3 1 ·;.; f: 3 
;;::PNT 
~UT GERBER TABLE TEXT.GER8ER.INFG2 DS~FIL 1EXT.GEPBER.PWB.H081IC-2-2 
SE L L t=1 \' 4 9 
E CH LA'·,' 4·;. ff3 
R =·~• i 
PUT GERBER TABLE TEXT.GERBER.INFG2 DSkFIL TEXT.GERBER.PW8.HD8~IC-2-3 
SEL LAV 21 
ECH LH'-1 21 52 83 
PF'NT 
PUT GERBER TABLE TE·T.GE·~~~. !NFG: ~~~~IL TEXT.GE~BER.PW8.HD81IC-2-4 
E.<; IT <.CR>OG 

X.TEMP.t8CD.4821~81&1~~34&4~~1 
4-21-81 13:3:.:20 

E;~ECUTE ;.: . 8:24 
*· 
* M~kE SURE THE 24 INCH PLOTlE~ 
* IS ON-LINE AND THE MULTIPLEXER 
• SWITCHES ARE SET co~~ECTL'-1 

+ 
PFJU::"E 
C i1 [1 [!SC. L F.: 
(I~--. 

P 1,; t; . H l• f: 1 I C - 2 
SEL LA'/ 2 
[CH LA\' 2 12 83 
~- F·:n 
!'.'. '- ; [.1 ;) T $CL l 
; ~-;... LA\' S 
E j: H L P \" ·;< 1 -9 ::: 3 

PLT DOT SCL1 
SEL LA\' 49 
EC:H u:w 49 e.3 
I": F· rJ T 
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PLT [H)l SCL1 
~·EL Lfl'v' ~+ 
ECH LAV 21 52 E:3 
~PNT 

PL T [:rOT SC.Li 

X.TEMP.~8C~.4B21881B13E34B5061 
4-::1-€:1 13:35:2(1 

FiilflC.h MT.• TMPtJ 
... 
.. IF THE TAPE D~IVE IS filTRCHED ro 
* ANOTHER TAS~, HAYE THEM ~ETflCH IT 
If: 

PAUSE 
RTTRCH MT,TAP0 
... 
* LOA~ THE TAPE .~ITH THE WRITE RING 
* INSTALLED, LOW DENSITY, AND ON-LINE 

PAUSE 
SETTfiPE MT,O,N 
RUN TEXT.M.INFQTAPE 
TEXT.GERBER.PWB.HD011C-2-1 
TEXT.GERBER.PWB.HD81IC-2-2 
TEXT.GERBE~.PWB.HDBilC-2-3 
TEXT.GERBER.PWP.HD61It-2~4 
((.Fo.:) 

~'.El.I I ND 
1.: 

In the last execute file produced, the line RUN TEXT .M.INFGTAPE is a homegrown 
program that transfers the disk file photoplot commands to tape in the correct character set 
and the correct tape blocking format. 

With this technique of generating custom execute files for each job, we will save at least 
100 hours per year of valuable system time. I think the casual CADDS user can see the 
unmeasurable benefits of having the TPL software produce these execute files rather than the 
operator himself. 

AUTOROUTING 
Similarly we have produced software to preprocess the ROUTE BRD command. As in 

photoplotting, the operator is asked about each autoroute parameter (with an optional ex
planation) and an execute file is set up with the ROUTE command and the user defined 
parameters (or a default if a return was hit to a parameter request). This file is then executed 
on our Zero Salary Shift with the operator receiving the routed board in the morning. We 
estimate a savings of 100 to 200 hours per year per 8 hour shift of system time. 

PART RELEASING & RESTORING 
Releasing and Restoring parts as official engineering documentation can be very messy. 

Our definition of a released part consists of the part and any subfigures used on the part. 
This package is put onto mag tape and deleted from the disk. We also require that the sub
figures put on tape with each part be renamed to avoid any overwrite of library figures with 
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the same name that may have changed since the part was released. To put all this messing 
around in software has greatly simplified our operations. The software is run as follows: 

ffiO•PUN TEXT.M.PELEASE 
IS THIS A MD OR PC PART(PC DR MD>? PC 
•• THE PART NAME MUST HAVE AT LEAST TWO LEVELS •• 
l,IHAT IS THE PART CATALOG? Pl.llB 
l,IHRT IS THE PART FI LE NAME? 22 (11)28-REVA 

(Z) O> CA[l[1S:CLR 
CADDS 3 INSTAVIEW REV 11-00-E 3- 3-81 15:31:57 
INITIALIZE CADDS PARAMETERS? 

·TYPE DK TO CONTINUE 
OK 
OAOO REGEN SECTORS AVAILABLE 
TYPE OK TO REALLOCATE 

256(1 <OAOO> SECTORS ALLOCATED FOR REGENS 

PAF<'.T NAME: DUMM I 

DATA BASE UNIT IS:IN 
CREATING NEW PART 

cEXTR DATA TEXT.EDF.SUBFIG PART PWB/220028-REVA NAME TEXT.RLSEFIG 
MESSAGE FILE: TEXT.RLSEFIGl.TRACE 
••• BEGIN EXTRACT ON PWB.220028-REVA! ·++• 

END OF EXTRACT PROGRAM 
EXTRACT COMPLETED 

~~EXIT 

FILE=F; DONT=D; PEPLY=D 
NEW PART=N; GOODBYE=G; REPLY=G 

At (1) the program TEXT.M.RELEASE is run to start an execute file at (2) that extracts 
subfigures from the released board. At this point another program is run from the execute file 
that determines the release tape to use, the file number on the tape, and analyzes the extracted 
subfigure names to construct an execute file that copies all pertinent files to tape and changes 
the name of the subfigures: 

O>PUN TEXT.M.RELEASE2 
THE.EXECUTE FILE FOR WRITING TO TAPE IS X.TEMP.4B16B81B11B07B19BO 
F·t.llB. 220028-REVA 
TYPE IN THE RELEASE TAPE TO USE<CVRLSt): 
THE FILE NUMBER ON THE TAPE WILL BE NUMBER 35 
O>X X.TEMP.4B16B81B11B07B19BO 
O>• PLEASE MOUNT TAPE CVRLSl 
O>• WRITE RING IN, HIGH DENSITY, ON-LINE 
O~· :x: X. ATCHF I LE 
O>ATTACH MT,TAPO 
TAPO ATTACHED AS MT 
O>• 
O>• IF THE TAPE ~RIVE IS. ATTACHED TD ANOTHER TASK, 
O>• HAVE THEM DETACH THE DRIVE! 
(I>. 

208 



O> PAUSE 
T'lPE "CONTINUE" l.1.IHEN ~·EAD'r' 4-16-81 11:08:14 

(I 

• 
cmffINUE 
O>ATTACH MT,TAPO 
TASK UNIT NAME ALREADY IN USE 
O>FUTIL 
~ C CD3PRTS.PWB.220028-REVA,:MT35//NLEV,CHEC~ 
CD3PRTS.PWB.220028-REVA.RGO SAVED 
CD3PRTS.PWB.220028-REVA.COM SAVED 
COMMENCING CHECK PASS 
CHECK PAS.S: OK 
TOTAL NUMBER OF FILES CHECKED - 2 
~ A CD3PRTS.PC.-55VIA; 
> ,CD3PRTS.PWB.220028-REVA.PC.-55VIA//NLEV 
CD3PRTS.PC.-55VIA.COM 

SAVED AS 
CD3PRTS.PWB.220028-REVA.PC.-55VIA.COM 
COMMENCING CHECK PASS 
CHECK PASS 01<: 
TOTAL NUMBER OF FILES CHECKED - 1 
~A CD3PRTS.PC.C.113453.H; 
> ,CD3PRTS.PWB.220028-REYA.PC.C.113453.H//NLEV 
CD3PRTS.PC.C.113453.H.CDM 

:S:AVED AS 
CD3PRTS.PWB.220028-REVA.PC.C.113453.H.COM 
COMMENCING CHECK PASS 
CHECK' PASS OK 
TOTAL NUMBER OF FILES CHECKED - 1 

and this continues for all subfigures ending as follows: 

;; A CD3PPTS. PCS:. DRS'r:M. 11 o; 
~ ,CD3PRTS.PWB.220028-~EVR.PCS.DRSYM.110~ 1 NLEV 

CD3PRTS.PCS.DRSYM.110.CD~ 
S:RVED AS 

CD3PRTS.PWB.220028-REVA.PCS.DRSYM.110.CDM 
COMMENCING CHECK PASS 
CHECK PAS$ OK 
TOTAL NUMBER OF FILES CHECKED - 1 
:; AT TE:,.:T. Pl.1.IB. 22 0 028-F.'EVA 
TEXT.PWB.&BCD.220028-REVA SAVED 
COMMENCING CHEC~ PASS 
CHECK PASS OK 
TOTAL NUMBER OF FILES CHECKED - 1 .. .. 
O> 
O> f"'El,1 I ND 
fl> 

The last file added, TEXT.& BCD.PWB22028-REVA, contains a list of subfigures on the 
board and the release date of each subfigure. This file is used to produce a report when 
restoring the board: · 
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PRINT TEXT.P~B.220028-REVA 

TEXT.PWB.&BCD.220028-F.'EVA 

PC.-55VIA 4-16-81 
PC.C.113453.H 4-16-81 
PC.C.128921.H 4-16-81 
PC.C.130728.H 4-16-81 
PC.C.131411.H 4-16-81 
PC. C. 1·;:;:920. H 
PC.c.1·:::4788.H 
PC.C.1'3'15'3t4.H 
PC. C. 1 '3'3?22. H 

4-16-81 
4-16-81 
4-1€.-81 
4-16-81 

PC.C.193723.H 4-16-81 
PC.CR.132576.H 4-16-81 
PC.D.123100.H 4-16-81 
PC. I•ATUM 4-1 E0-8 l 
PC.DIP14.H 4-16-81 
PC.DIP16.H 4-16-81 
PC.DIP40.H 4-16-81 
PC.DIP8.H 4-16-81 
PC.DS.192125 4-16-81 
PC.H.193742.H 4-16-81 
PC.K.191430.H 4-16-81 

PC.Q.TD-98 4-16-81 • 
PC.P.192009.H 4-16-81 
PC.R.802139.H 4-16-81 
PC.P.SIPlO.H 4-16-81 
PC. F.'EV 4-1E.-:::1 

PCS.DPSYM.042 4-t~-~ 
PCS.DPSYM.048 ~-16-~ 
PCS:.DRSYM.0~9 4-16-~ 

PCS.DRSYM.100 4-16-~ 
PCS.DRSYM.110 4-16-~ PC.RV.193215.H 4-16-81 O> PC.T.194562 4-16-81 

PC.T.194562-MTG 4-16-81 
PC.TARGET 4-16-81 
PC.TERM.133239 4-16-81 
PC.VR.193732.H 4-16-81 
PCS.+100 4-16-81 
PC:S:.+11 4-16-81 
PCS:.+12 4-16-81 
PCS.+125 4-16-8.1 
PCS. +13 4-lE.-81 
PCS:.+14 4-1€0 -81 
FCS.+15 4-iE.-81 
PC:S:.+1'50 4-16-81 
PCS:.+16 4-16-t:l 
PCS.+170 4-16-81 
PCS:.+55 4-16-81 
PC:S:.+65 4-1.:.-:31 
PC:S:.+70 4-16-81 
PCS:.+75 4-16-81 
PCS.+85 4-16-81 
PCS.DRSYM.028 4-16-81 
PCS.DRSYM.035 4-16-81 

The software to restore a part will produce an execute file to copy the part and subfigures 
from tape to disk, and produce a report of any changes that have occurred to a library figure 
since the part was released. 

LIBRARY MANAGEMENT 
We have attempted to simplify the management of our libraries by some utility software 

that manages a cross reference of part number to library figure name. One program will insert 
new entries in the index and report if the part number already exists. Another utility will 
report the library name when the operator inputs the part number. By automating the cross 
reference we have shortened our board layout time and stopped the proliferation of 
notebooks around the computer area. 

PROBLEMS 
Whenever software is developed on a system the maintenance costs of the software must 

be considered. These small utilities generally require little maintenance but sometimes there is 
some retooling to do when a new release of software comes from CV or our own internal re
quirements change. Depending on what changes, this retooling can be costly. At this point we 
have experienced stability from rev. to rev. but we recognize that things might change in the 
future. (This is especially true when we migrate from CADDS III to CADDS IV). 

RESULTS AND CONCLUSIONS 
As mentioned earlier, we will be saving at least 300 hours per year by using the Zero 

Salary Shift, and an undetermined payback from simplifying complex commands. Our 
operators have enthusiastically been using the software as they want to finish their jobs as 
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soon as possible and move on to the next one. The user really likes the speed also. Compared 
to some CADDS commands, the operators feel that custom software run from the system 
level is lightning quick. 

In the 80's a strong emphasis of software ·development will be on demystifying its use. 
The user of a software project will find the software friendly, easy to use, and problem free. 
By doing some custom TPL software we have cleaned up Photoplotting, Auto-route 
parameters, Library Management, and Part Archiving. But this is just a start, we will con
tinue to identify those areas that we can improve productivity by use of our Zero Salary Shift 
or those areas that are complicated, hard to learn and used by multiple operators. These areas 
will save hundreds of hours per year of valuable system time and will continue to validate this 
valuable computer system tool. 
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INTERACTIVE GRAPHIC VIBRATION 
CHARACTERIZATION 

OF PRINTED CIRCUIT BOARD ASSEMBLIES 
USING VOUGHT DEVELOPED CAE SOFTWARE 

ON COMPUTERVISION 

1.0 INTRODUCTION 

By 
Jerry Hegg 

Vought Corporation 
Unit 2-54120 

P.O. Box 225907 
Dallas, TX 75265 

214-266-4957 

1.1 As an experienced military printed circuit board designer, I readily recognize and ap
preciate the value in being able to "ballpark" a PC board sinusoidal vibration response dur
ing the initial design stages. Vibration problems found later in the design process or during 
testing typically require expensive rework for their resolution. Board design parameters such 
as size, weight, thickness, PC substrate characteristics, and mounting methods all contribute 
to its vibration response. 

1.2 In the past, simple metal plate equations were used assuming various boundary con
ditions, size, weight, etc., and rough hand calculations made. Now with the advent of the 
computer, and specifically computer graphics, these "ballpark" calculations are made right at 
the CRT. Single degree-of-freedom response graphs may be plotted on the CRT and on 
paper. Response curves may be superimposed on the CRT to analyze effects of parameter 
variations. 

1. 3 Experience has shown that use of simple equations for rectangular plates with evenly 
distributed mass and with maximum deflection at the center of the board provides adequate 
analysis capability for preliminary design. These analyses produce a reasonable measure of 
amplitude and natural frequency, within approximately + /-15% that could be expected 
based upon typical first cut estimates of masses and dimensional values. 

1.4 It is recognized that this approach has limitations because of variations in 
characteristics of glass epoxy board materials and the accuracies of the estimates on other 
parameters - i.e., component weight. Component weight is specified by manufacturers as a 
maximum or "not to exceed" quantity. Therefore, to obtain more accurate results, exact 
component weight data is required. A limitation of these equations has to do with the non
linear response of the standardly used glass epoxy PC substrate. Therefore, reliable response 
data cannot be evaluated for vibration inputs in excess of 3 g's (only relative response data 
can be evaluated). There are more sophisticated methods which may be used for detailed 
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analysis where required but this paper addresses only the simplified first approximation type 
equations. 

1.5 However, with this tool a PC designer can evaluate his design's vibration response 
quickly without spending detailed modeling time and expensive mainframe computer time 
using software analysis tools such as NASTRAN. 

2.0 VIBRATION EQUATIONS 
2.1 The equations utilized are derived as shown in Dave Steinberg's book published by 

McGraw-Hill entitled, "Vibration Analysis for Electronic Equipment", therefore an attempt 
at derivation will not be made here. Each equation is used to calculate the fundamental reso
nant frequency at the PC board center. The equations and edge conditions are shown in 
Figure 1. 

UNSUPPORTED SUPPORTED FIXED 
ls: ls: ls: lOO!'. ls: ls: lOClOO!: LLL.L.L.1111//llll 

'/z 
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Figure 1 
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2.2 The parameters used in the equations are defined as: 

fn =Natural frequency of PC board 
a =Board length 
b =Board width 
W =Board weight (including components) 
g =386 in/sec2 (gravity) 
h =Board thickness 
E =Modulus of elasticity of board material 

(2x106 lb/in2 for glass epoxy) 
u =Poisson's ratio (.12 for glass epoxy) 
D = Ehl 

12(1-u2) 

_mass _ W 
p --- - --

area gab 

2.3 The "Q" or transmissibility of the board is approximated as follows: 
Qm=l.5 ../In 
2.4 Maximum G response to a sinusoidal input at fn is: 
Gout=QmGin 
2.5 The three sigma response to a random vibration input is as follows: 
Gout = 3 .../ _!!__ Df nQ RMS 

2 
2.6 The ~:"~lit;)t any frequency is as follows: 

Q ~ ('- f;)' +(f:Qm)' 
2.7 Using the above equations the natural frequency fn, the maximum g response Gout. 

and a transmissibility Q at any frequency can be calculated. A plot of the transmissibility 
curve starting at f =0 can also be accomplished. 

3.0 INPUT FILE 
3.1 The input parameter file for the solution is structured as follows: 

1) Mount Cnfg 
2) Length 
3) Width 
4) Thickness 
5) Weight 
6) Elasticity 
7) MY Factor 
8) G input 
9) P .S. Density 

=1 
= XXXXXX.XXX inches 
= XXXXXX.XXX inches 
= .062 inches 
= XXXXXX.XXX pounds 
= 2000000.000 lbs/in2 
= .120 
= XXXXXX.XXX ORMS SIN 
= XXXXXX.XXX Gi/HZ 

3.2 In order to call up the program in CADDS, the command "FREQ" is entered 
through the keyboard. The input file above is automatically displayed and the designer enters 
the line number to be edited and then the parameter value, followed by a carriage return. 
When the input file has been created, the option to "CALCULATE", "RE-DISPLAY" and 
"EDIT" the input file, or "QUIT" are available. If calculate is selected the system im
mediately prints out the natural frequency fn, the maximum amplitude in g's, sine and ran
dom; maximum amplitude in inches, sine and random as illustrated in Figure 2. 
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1) MOUNT CNFG = 6 
2) LENGTH = 8.500 INCHES 
3) WIDTH = 4.752 INCHES 
4) THICKNESS = .062 INCHES 
5) WEIGHT = 0.335 POUNDS 
6) ELASTICITY = 2000000.000 LBS/IN2 
7) MU FACTOR = 0.125 
8) G-INPUT = 5.750 ORMS SIN 
9) P .S. DEN = 1.259 02/HERTZ 
ENTER LINE NUMBER TO CHANGE, "D" TO RE-DISPLAY, "C" TO COMPUTE 
BOARD FREQUENCY, OR "Q" TO QUIT 
c 
NATURAL FREQUENCY = 
QN = 

SAMP SIN = 
SAMP RAN 
GOUT-SIN 
GOUT-RAN 
TYPE OK TO PLOT 
OK 

4.0 OUTPUT FILE 

= 

= 

= 

67 .335 HERTZ 
12.309 
0.15297613 
0.26252122 

70. 775 ORMS SIN 
121.456 ORMS RANDOM 

Figure 2 

4.1 When "CALCULATE" has been selected and calculated response data displayed, 
options available then are "RE-DISPLAY" the input file, "EDIT'', "QUIT", or "PLOT". 
In order to plot the response curve, a basic graph outline CDC3PRT must be on the screen. 
The response curve is plotted quickly as illustrated in figure 3. Another "CALCULATE" apd 
"PLOT" can then be superimposed as many times as desired. Individual plots or composites 
may be stored on disk or tape as standard CD3PRT's. 

5.0 CONCLUSIONS 
5.1 This software developed at Vought is a handy tool for "ballparking" a PC board 

single-degree-of-freedom vibration response to a sinusoidal input during the initial layout 
stage of a design right at the CRT. It is not a tool to replace finite element modeling and 
analysis but may be effectively used to compare designs and point out questionable designs 
for more detailed analysis. 

5.2 Possible future enhancements for this tool would be to use the system's data extract 
capabilities to measure the size of the designed board, extract weight of each component, 
mounting configuration, etc., and automatically build the input file. In addition, more de
tailed analysis approaching NASTRAN may be possible with 3D graphical output similar to 
Figure 4. This type of output would depict the g-force amplitude profile and indicate the ex
act location of the point(s) of maximum response rather than assuming a uniform distribution 
of mass and maximum displacement at the PC board center. 
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Figure 4 
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STRIPLINE ARTWORKS IN CADDS III 
A CLOSE TOLERANCE, 

HIGH FREQUENCY CIRCUIT 
ON A SPECIAL SUBSTRATE 

Gary Goertzen 
Rockwell International 

CTG 
P.O. Box 10462 

Dallas, TX 75207 
214-690-5000 

APPLICATION REQUIREMENTS 

0 ACCURATE ARTWORK Cz.00051 

0 NONSTANDARD FEATURES 

0 TEST REAL CIRCUIT 

0 FAST ARTWORK GENERATION 

0 QUICK CHANGES CMULTI GENERATIONS) 

0 EASY METHOD OF INTEGRATING CIRCUITS 
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ACCURATE ARTWORK C:.00.05) 

- GERBER OUTPUT 

- SCALE OF 1-1 OR GREATER 

NONSTANDARD FEATURES 

- CIRCUITS NOT MADE WITH STANDARD LINES AND PADS 

- MANY DIFFERENT GEOMETRICAL SHAPES. ARCS. AND CURVES 
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AW REV D 
FB REV 

. . .... . . ~ Nd..., 
• 
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TEST REAL CIRCUIT 

- CAN BE DONE EACH TIME IN CADDS I 11 

- CAN ONLY BE DONE ON ACCURATE ARTWORK 

FAST ARTWORK GENERATION 

- IN CADDS III CNEW WAY> 

... MANUAL CUT AND PEEL CCOORD.l COLD WAYl 

- SOME CLAD CUT AND SCRAPE CVERY INACCURATE> 

., ,,-
H != 

I---

t---

F= r-
...._ ...._ 
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QUICK CHANGES CMULTI GENERATIONSJ 

- MADE EASILY· IN CADDS III 

· - CUT NEW ART OR FIX OLD 

- SOME CLAD CUT AND SCRAPE 

e 
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EASY METHOD OF INTEGRATING CIRCUITS 

- INSERT PARTS IN CADDS III 

- MAKE NEW LAYQUT AND CUT NEW ART 

• • • • 

• 
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ABSTRACT 

CAD GENERATED WIRELISTS 

Larry Shuhy 
Harris Corporation 

Publication Press Division 
P.O. Box 515 

Westerly, RI 02891 
203-599-1500 x409 

May 20, 1981 

Data extract/ data merge is a useful tool for retrieving information from drawings 
generated on the Computervision system. Although the emphasis has been on organizing 
printed circuit information for autoroute, the basic technique may be adapted to a variety of 
processes which require large quantities of data to be retrieved and organized. With informa
tion properly applied on an electrical schematic, a true to/from list may be extracted, sorted 
and printed in batch mode. 

BACKGROUND 
The generation of wirelists to be used in building a printing press has in the past been a 

tedious process. Due to the competitive nature of this business, there is much customized 
design. Printers themselves strive for greater productivity and have unique requirements for 
their products. As a result, no two presses go out looking alike. Every change affects the elec-

,trical design of the press and every press is wired differently. This requires that a new wirelist 
be generated each time, with thousands of wires being identified. 

In the past, press electrical documentation consisted of schematics and ,back panel wiring. 
There were three or four general schematics each containing a number of subsystems. A 
change/addition/deletion of any part on any subsystem required a whole new schematic. The 
backpanel wiring contained the to/from information and changes required a new drawing here 
too. There was, as a result, a unique drawing package for each customer. Creating this 
package required up to 1,500 hours of engineers' time, and the possibilities for error were 
tremendous. 

ANALYSIS 
Analyzing this process in the interest of increased productivity, it was determined that if 

the total electrical system was broken down into subsystems which didn't change, the pieces 
could be put together to create a customer order without creating or modifying any drawings. 
Orders would look more uniform and the level of expertise required to process the order 
would go down. Because little or nothing changed, the error rate would go down, and the 
only variable would be the wirelist which would be automatically generated by extracting 
schematics. 
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A program was undertaken and a presentation was given to management explaining the 
details of the new technique using the CAD system for order processing. Because there was 
significant up front time involved in setting up the system, it had to be justified on cost sav
ings downstream. 

The overall objective of the program was to shorten the time required to process the elec
trical portion of a customer order through re-organization of the work and use of CAD. Suc
cess would be measured in the time required to produce the necessary documentation for the 
next customer order. The up front time to regroup, redraw and check the drawings, as well as 
the time to create a schematic library of parts, would not be counted towards the first order, 
although it was estimated that all this would take less time than a typical manual order. Ex
pectations were that a typical order would be cut from 1,500 hours down to less than 40 
hours. Payback would be realized on the second order. 

DETAILS 
The tasks required to achieve this objective included creating a library of schematic parts 

which conformed to ANSI standards, creating a set of schematics which represented the press 
electrical system and devising a program which would extract the information and sort it into 
the proper form. 

Creating a library of schematics was not as large a project as originally anticipated. Parts 
were taken from drawings as required and organized in a catalog. Once created, each symbol 
was checked graphically, by layer, and by property to assure conformance to standards. Once 
a part is used as a nodal figure, it may not be altered without affecting past drawings. Care 
must be taken to get them right to avoid this problem later. About 150 parts were identified 
and cataloged (see Figure 1). 

Creating the set of electrical schematics for the press system represented the bulk of the 
program. The existing drawings had to be separated into logical subgroups which represented 
electrical options. Each drawing required additional information which could not come from 
the original drawings. This is information not normally included on a pure schematic. This in
cluded color, gauge, signal name and cable number. Each drawing had to be checked and ex
tracted to be sure that all information was in the proper location on the drawings. This infor
mation included reference designators, pin numbers, to/from sequence and wire identification. 

A drawing created in this manner is not really a schematic any more. In order to achieve 
a true to/from list, every "line" on a schematic must truly represent the wire it identifies. A 
wire may have only two ends and dots may not be used as intersection points, but only .as 
graphical entity. Wires must be drawn continuous from one terminal to another. This requires 
knowledge of the physical location of parts to make reasonable sense of the wire routing. 

Devising a program which properly extracted and sorted the schematic information had 
to go hand-in-hand with schematic creation. The form of the final output had to be agreed 
upon (see Figure 2). The form desired was not a natural output of the extract process. A 
wirelist with the "from" and the "to" on the same line was most useful for wiring purposes. 
Lists also had to be separated by enclosure or conduit to allow wiring of each section in
dividually. By using extract, merge, rearrange, sort, and CVTECO, the final output was 
achieved. · 

ADVANTAGES 
There are several advantages derived from the system as it was implemented. Some of 

them were directly measurable and others were more nebulous. Some of them were directly at
tributed to use of the Computervision system and others a result of the way the work was 
organized. ·· 
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1. Because of the way the drawings are broken up, there is a set of twenty-two drawings 
which completely described the electrical system. All available options are included in 
this package. These drawings do not normally change, and may be supplied to field 
service as a comprehensive package. Greater familiarity may be gained with these 
drawings because they are standard. They have standard layouts and standard symbols 
and have been proven correct through repeated usage. 
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Figure 1: Page from Schematic Library Book 

2. Having a standard symbol library does a number of things. First, it facilitates drawing 
on the system by having parts available for application to a drawing. Second, it 
restricts operators to using known, approved symbols rather than personal artistic 
endeavors. Third, it provides a position on each symbol for insertion of the properties 
required for meaningful extract. Fourth, it confines the choice of components to those 
which are available, keeping inventories down. New parts may be created on the 
system as required, but their layering and construction is checked before addition to 
the formal library. 

3. Whenever a nodal line is put on a schematic, it is extracted. Wires which do not repre
sent actual wires (i.e., PC clad) are not drawn as nodal lines. This means that every 
connection is accounted for. Every wire is listed along with its properties. This pro
vides an error check on the final design. A tally and sort is also done on the termina
tions to determine whether any have been omitted or duplicated. 
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~ rr;;E RUN USi 

RE:F'ORT F'OR PRESS 

'..JIRE ''° F~:OM TO .""UNCTION G.:.UGE COLO 

'.JR007412 16 :j 7X7-6 10:-i ~<!O :;·;,w~ 1 ,.; '<L:< 
'..JR0019tl 16 s 7X8-3 s 7X8-1 ~NG CCMP ,:".;R L6 :;L,'\ 
'..;R001518 16 37007A-1 701-27 115VAC 16 8LK 
1..JROO 1618 16 37007A-t S7007A-3 115VAC 16 8LK 
1.JR00171:3 16 S7007A-:? 701-29 ~AN ~jO IM? ', .o BU< 
WR001313 16 S7007A-2 57007A-4 '1AN NO IMP :6 8L,'\ 
WROl1021 16 570079-1 370079-3 ;.;oriE SWITCH 16 8L,"( 
'.JRO 11121 l ,S S7007B-2 570079-4 ."10DE SU ITCH , ' .o ?LK 
1.Jf'\001118 16 S7007C-t S7007C-3 115 1-'AC 16 ?Li\ 
!.;R00121S 16 S7007C-2 70 1-2 4 4UTO NO r;-;p 16 :<L.\ 
!.;j;;Q01318 '. .o S7Q07C-2 S7007C-4 :"!r!iN "'° r;-;p 16. ?LK 
1...lR00536 16 S7003-NO M7007-l 57008 ~40 ~ .s e<u:; 
i..JR00.3021 t, 

.Q 57009-2 7012-4 '..JATER FOUNT •J,'j 16 8LK 
WR00282l t6 57009-3 57014-4 WTR FTN ON t~ O<L,\ 
'.JR0-02921 ', •O S7009-3 57009-1 'JTR F'TN ON 16 SL/\ 
WR002621 16 37009-4 701-6 WTR FNT RELAY l 1> 8l.i\ 
1..JR002721 1.:, S700·?-4 :157007-A JU,~F·ER 16 ~L1~~ 

WR001021 16 57010-2 7012-2 WTR .::OR.'1S ON 16 BLK 
WR000821 16 S7010-3 57015-4 WTR 1'"Rli OIUOF!" 16 8LK 
1..JR000921 16 57010-3 S7010-1 JUMF-E:R 16 BLo\ 
Wl\000621 16 S7010-4 701-2 1.JA TE:R FORM RELAY 1.:. E<LK 
WR00072l 16 S7010-4 OS 7008-A WTR FQRtiS ON 1.;, 3L.\;. 
'.JR0049:::l 16 57011-2 7012-6 INK FRM ON l~ :!<LK 
t.JR004621 16 57011-3 57016-4 n<K F'RMS ON/ 16 E<Li\ 
:.Jf;•()o)4 7'::1 16 S7011-3 S7011-1 rNI< FRMS ON/ u E<L.>\ 
Wf-:00'1421 t.:, 57011-4 701-10 INK FORM RELAY 16 9l.I\ 
WRC·J45::?1. '. . ·~ S7011-4 057009-A :NK FORMS ON 16 BLl\ 
!.JROC.~621 1,., S7012-: 7012-8 rNK FNT ON 16 SLK 
1..:~:00.!1421 '. •"' S701.2-3 S7017-4 INK FTN ON 16 E<l.K 
WF:C-065:!1 t6 5701:::-3 S7012-l lNK FTN ON 16 8LK 
~R006:2:1 16 SiOl:-4 iO 1 -14 :NK FOUNT RELAY 16 E<U\ 
'..i!;'C10¢3::!1 1. -"' S701'.:-4 [157010-A INK' FTN ON 16 E<LK 
1..;Roose:1 b 57013-3 S7018-4 r i1F· ON/1JFF 16 BLK 
'.JR008921 16 57013-3 57013-1 = ;-;p !JN t6 E<U\ 
:.JR008721 16 S70!3-4 C1S701 :-A IMP ON l .!. "'-·"' •..:F:OO 3221 1. .o S70t4-3 57016-3 : MF' f<!JR ON 16 ~L1'\ 

'...lf::003 l 21 16 57014-4 701-5 WTR r-·Nr ON 16 E<LK 
!wR0012:?1 16 57015-3 57014-3 IMF· pi.JR ON 16 ~LX 
wr.:001121 16 57015-4 701-1 'JTR ."'RMS ON/OFF 16 8L,\ 

Figure 2: Wire Run List Report 

4. Schematics are drawn by the engineering department. Because the wire routing must 
now be specified at the schematic level (as well as wire size and color), the manufac
turing department no longer dictates these parameters. This documents the wire runs 
for the next build of the same product and maintains the engineering integrity of the 
design. 

5. Each enclosure of a press may be built at a different facility and the final assembly 
done at the customer site. Each needs a list for wiring that portion of the product. 
Each line on the schematic, therefore, must be identified by the list on which it will 
appear. A table was compiled of the appropriate lists and their corresponding property 
identification. This value was entered into the cable property of each wire and later 
sorted. These lists are then sorted alpha-numerically by component number for ease of 
wiring. 

6. The technique of wiring consoles with a wirelist and backpanel assembly is a deviation 
from our regular procedure. Normally, the wiring information is all contained on the 
asembly /wiring drawing which has a pigtail on each connection with text indicating 
the destination of that wire. Changes in this system required modification to that 
drawing and rechecking. Using the wirelist method, the wirelist is the only variable. 
Wiring the console entails running down the list, crossing off wires as they are done. 
This provides additional savings in the program, plus, again, less chance for error. 

7. As the project progressed, we used a Versatec 11 inch plotter for check plots of the 
schematic. These plots became so popular that we have adopted them as the standard 
field service document. They have been arranged in a book with foldout pages. These 



books are easy to handle, both for field service and the customer. Since the Com
putervision data base is the original, there need not be a D-size piece of paper to 
represent a schematic. These 11 x 22 sheets serve the purpose of a final document and 
revision levels are handled through the ·cAD system. 

8. An extract of each schematic is stored in the system under an identifiable name and is 
updated only when the drawing is changed. The data extract process takes significant 
system time. During normal operation of the system, a schematic with 100 wires can 
take 30 minutes to extract. Twenty-two of these done in batch would then take 11 
hours! Since they need not be redone unless they change, the extract text files for 
these schematics are strung together and sorted when the order is processed. The 
schematics, therefore, need not be cluttering up the storage area unless they are to be 
worked on. 

THE PROCESS 
Library schematic figures as they were created, must include properties, Elemname 

"--", Tername "--", Part no "--' ', just as they would with a PC part. They may 
also have a Valvea "--", Volta "--", Watta "--", Currenta "--", if that par
ticular part needs to be further defined. These parts are created and checked with execute pro
grams which insures that all required information exists on the proper layers. Each connect 
node must have the property "split". These parts are inserted onto a drawing as nodal figures 
as required. A book has been assembled with the name and graphical representation of each 
identified as well as the location of tnods for the various properties and the origin for ease of 
insertion. All these parts are created on the same grid spacing and are checked to JIC stan
dards where applicable. The parts are then protected from operator access. Once parts are 
used as nodal figures they may not be altered or deleted without affecting all drawings on 
which they. appear. 

With the components placed on the drawing, nodal lines are used to connect their ter
minals. Wires or nodal lines must be inserted only between the actual terminals connected. 

"~ They must run the way the wire runs. To graphically approximate a real schematic, lines are 
run directly over each other and dots used to depict their intersection. The split property in
sures that each line has only two ends. 

As lines are entered they must all be given a number of properties which will later be ex
tracted. These include 1) color "--", 2) gauge "--", 3) cable "--", 4) sig "--". 
Properties may be selected and filled in as the lines are entered. Default values may be used 
and selectively changed later such as color "blk" and gauge "16", or whole drawings may be 
given properties by window. (Be sure to specify NLIN modifier!) 

Text is inserted on the components for terminal numbers and reference designators. 
Justification and height of text has been predetermined for normal orientation and reasonable 
drawing density. Care must be taken when modifying this text that the desired tnod and prop
erty are attached. 

An extract program was written and compiled which derived all the desired information 
from the schematic and organized it into a report (see Figure 3). In order to sort this report 
into the required lists without destroying the integrity of the ends of the wires, each wire had 
to be resident on a single line. Normally the extract gives a two-line representation of a wire. 
This conversion was accomplished by doing a tally on the wire number and keying in on the 
tally to eliminate every other line. A format net was also performed, the normal report form 
has staggered fields (i.e., not columnized) as a result of variable field length in the reference 
designator - terminal number identification. A short TECO program was written to place the 
second field into a known column for sorting. Another file was created with all the informa
tion common to the extract output and FMT NET output using DATA MERGE. A run re
arrange was done to take this scattered information and columnize it for the final report. Two 
sorts were then done, one by "cable number" and one by "froms" for wiring purposes. The 
output of this program is done on a Decwriter. 
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TEXT.GER.&BCD.EDF 
2-17-81 13:12:01 

* ********************* EXTRACT.DEFINITION~FILE ************************ 
;j( 

* THIS EDF IS BEING CREATED FOR USE WITH ELECTRICAL * ORDER PROCESSING OF N1600 RELEASES 

* ************************************************************************ 
* 1 SEC"TION t1 - DATA EXTRACT ITEMS 

* **********************************************************~************* 
* * * EXTRACT LEVEL CONTROL ITEM FOR UNIV 
* > /UNIV, ITEMS/ 

* * NORMAL EXTRACT PROCEDURES FOR UNIV 

* * > SHEET 

* * 
/UNIV.NTXT.IF-TNOD-PROPNAME/ 

* EXTRACT LEVEL CONTROL ITEM FOR COMP 

* > /COMP• ITEMS I 

* * NORMAL EXTRACT PROCEDURES FOR COMP 

* > REFDES 
> 
> 
* * 

/COMP.NTXT.IF-TNOD-PROPNAME/ 
/COMP.REJECT.IF-SUBFIG-NAME/ 
/COMP.REJECT.IF-PROPNAME I 

* EXTRACT LEVEL CONTROL ITEM FOR TERM 

* /TERM. ITEMS I 

* * NORMAL EXTRACT PROCEDURES FOR TERM 

* > PINNO 

* * 
/TERM.NTXT.IF-TNOD-PROPNAME/ 

* EXTRACT LEVEL CONTROL ITEM FOR NETIJ 

* > 
* * * > 
> 
> 
> 
> 
> 

./NETW, ITEMS I 

NORMAL EXTRACT PROCEDURES FOR NETIJ 

CABLE 
SIGNAL 
PE.FAULT 
GAUGE 
COLOR 

/NETW.PROPVALUE I 
/NETW.PROPVALUE I 
/NETIJ.DEFAULT-NAME I 
/NETW.PROPVALUE I 
/NETlJoPROPVALUE I 

/NETW.SPLIT.IF-CNOD-PROPNAME/ 

SHEET 

ELEMNAME ·-· 
NETREF 

TERMNAME 

CABLE 
SIG 
'lJR • 
GAUGE 
COLOR 

SPLIT -. 
************************************************************************ 
* 2 SECTION t2 - PAGE FORMAT SPECIFICATIONS: 

* %*********************************************************************** 
;j( * NUMBER OF PRI~T LINES PER PAGE: 
> 3200 

* * NUMBER OF COLUMN POSITIONS PER PRINT LINE: 
> 72 

* * NUMBER OF PAGE HEADER LINES <IN SECTION 17): 
}· 0 

* * NUMBER OF ITEM FIELD DESCRIPTOR RECORDS <IN SECTION 
.... 9 

Figure 3 

t8): 

(continued) 



* * ************************************************************************ 
* 6 SECTION +6 - BILL OF MATERIALS TALLY SPECIFACATION <OPTIONAL>: 

* ************************************************************************ 
* * BOM INDICATOR, START COLUMN• END COLUMN,JUSTIFACATIONt * CNOTE: BOM INDICATOR= 0 IF NOT APPLICABLE• = 1 IF APPLICABLE. * JUSTIFACATION CODE: -1=LEFT, O=CENTER• t1=RIGHTI 
> 1,39,40,0 

* * ************************************************************************ 
* 8 SECTION +8 - ITEM FIELD DESCRIPTORS: 

* ************************************************************************ 
* > SHEET o. 7, 9, -1. oo. lr 0 
•• =- REFDES o. 14, 28r -1. oo. o. 0 
::.-. PINNO Or 31r 39, -1. oo, o. 00 
> SIGNAL Or 43, 59, o. oo. o. 00 
> DEFAULT o. 1' 6r -1, oo. 2, 1 
> GAUGE o. 61. 65r o. oo, o. 00 
> COLOR o. 68· 72, o. oo. o. 00 
> CABLE o. 41' 421 o. oo. oo. 00 

* ******************************* END ********************************** o> 
Figure 3 (continued) 

RESULTS 
All schematics at Harris Corporation, Publication Press Division, are done on CAD. 

Using the Computervision system and the schematic library parts, a two-to-one increase in 
productivity was realized on schematics where wirelists are not to be extracted. Where all in
formation must be included for wirelists, depending upon the availability of that information, 
the schematic phase tends to take as long as it might off the system, however, once this infor
mation is.present, the process of deriving a wirelist is a factor of 50-100 faster with fewer er
rors. The elimination of wiring on the backpanel drawing and plotting these layouts on CAD 
using a program which generates front, back, and detail drawing from a customer proposal, 
has cut that process by a factor of 50 also. Panel library parts are available which encompass 
the proposal representation, the cutout detail and dimensions, and the backpanel representa
tion all inserted at once using tag points. Multiple languages are layered onto the library parts 
for engraving drawings. 

Gaining acceptance for the idea, and then the process was a major consideration. Fitting 
the procedure into the business cycle was also a concern. Different individuals had to be used 
for entering schematics and for order processing. The program was set up to require minimal 
knowledge of Computervision graphics commands. Data sheets are filled out using the 
customer contract which supply all the information for schematics required. A text tile is 
edited and an execute command performed to generate the wirelists. 

Instead of feeling that their jobs are threatened, people must be made to realize that they 
will do better work, and more of it, as a result of eliminating the tedium of checking and 
sorting. More time and manpower will be available for imaginative engineering instead of 
clerical work. Results on a project of this type must be demonstrated early and be specific to 
gain confidence in the usefulness and ease of implementation. A solid program is imperative 
to acceptance. This was accomplished in our project. · 

APPENDIX A 
1. Copy of program 
2. Copy of menu 
3. Sample schematic 
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PGM,PAREX.&BCD.RUN 
2·-J.8-·:i1 1.2!00!46 

u 
2 r~:PTFL 

2 DKEY 
&& 
EXIT 
DG 
DELFIL TEMF'/EXT 
DELFIL TEMF'.l&BCD/TALLY/LIST 
DELFIL TEMP.&IBCD/DST/LIST 
ItELF U. TEMF'. & &BCD/ FMT /LT ST 
DELFIL TEMF'.&&BCD/FMT2 
COPYBCD TEXT.EXTRACT.INTERIM.TEMP.EXT.FIRST 
C1"DDSCLR 
OK<CR> 
<CR> 
DDD 
FMT NET DATA TEMP.EXT.FIRST DATAKEY &DKEY FILE TEMP,FMT 
EXIT 
DG 
COPYBCD TEMP.EXT.FIRST,TEMP.EXT.T 
COPYBCD TEMP.FMT,TEMP.FMT2 
EXECUTE EX.WIRERUN.RPT 
DELFIL &RF'TFL/&&BCD 
COPYBCD TEMP.TALLY•IRPTFL,TALLY 
COPYBCD TEMP,DST,&RPTFL.RPT 
Pt~NT &RPTFL, RPT 
PRNT &RPTFL.TALLY 
O> 

PGM~EX.WIRERUN.3BCD.!~PT 
1·-:'20····:31 :LS! ~J) ! :34 

<* 
<* THIS REPORT CALLS ALL rHE NECESSARY EXECUTE ~ILES TO 
<* PREPARE THE NECESSARY WIRERUN REPORTS. SEE SPECIFICATION 
<* FOR DETAILS ABOUT THE REPORT FORMAT. 
<* 
<* 
';¥ 

<* 
<* 

WIRERUN.COL rs A TECO PROGRAM THAT REFORMAfS THE OUTPUT 
OF A FMT NET COMMAND , THE RESULTS OF THIS COMMAND ARE ASSUMED 
TO BE IN A FILE CALLED fEMP.FMT 

<* 
EXECUTE EX, WIRER UN, COL 
<• 
<* NOW EXECUTE TEH ROGRAM WHICH WILL TAKE THE RESULTS OF AN EXTR DATA 
<* COMMAND CASUMED TO BE IN A FILE CALLED TEMF',EXT.1> 
<* AND BLANK OUT ALL SUBSEQUENT OCCURENCES OF THE WIRE NAME 
<* 
<• 
<* EX.WIRERUN.BLNK AND COMB OPERATE FROM CADDS LEVEL 
<* 
<* ENTER CADDS 
CADDSCLR 
OK<CR> 
<* EXTRA CARRIAGE RETURN IN CASE TMP FILES EXIST 
<CR> 
DDD 
EXECUTE EX.WIRERUN.BLNK 
<* 
<* 
<* THE NEXT STEP IS TO COMBINE THE INFORMAT IN TEMP.EXT.1 AND TEMP,FMT 
<* INTO A SINGLE FILE. THIS FILE WILL BE SORTED IN ORDER BY 
<* ZONE• AND WITHIN ZONE, BY FROM INDICATOR, 
<* THIS FILE IS CALLED TEMP.DST 
EXECUTE EX.WIRERUN.COMB 
<* 
<* 
<* 
<* 
<* 

NEXT FROM THIS ONE FILE• A SEPARATE FILE FOR EACH ZONE WILL 
BE CREATED THESE ARE TEMP.EXT.A•B•C•D•E•F•BLNK FOR THE RESPECTIVE 
ZONES. THIS IS DONE BY EX.WIRERUN,TECO 

<* MUST RETURN TO SYSTEMS LEVEL TO FINISH 
EXIT DG 
<*EXECUTE EX.WIRERUN.TECO 
O> 
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PGM.EX.WIRERUN.~BCD.COL 
1-22-81 16:44!07 

CVTECO TEMP.FMT 
<* 
<* READ IN WHOLE FILE JUMP TO BEGINNING OF BUFFER 
EA J<ESC><ESC> 
<* ENTIRE PROGRAM WILL BE IN AN ITERATIVE LOOP TO BE TERMINATED 
<* WHEN THE POINTER POSITION EQUALS THE END OF FILE 
<* 
<<:<CTRL-T>; 
<* 
/* SAVE THE CURRENT POINTER POSITION IN REGISTER ' FC~ 
<* LATER USE 
<• 
.P1<ESC> 
<* BECAUSE WR NAME ENDS IN COLUMN 11 POSITION TO NEXT COLUMN 
<• 
12C<ESC> 
<• 
<* SEARCH FOR THE NEXT OCCURENCE OF THREE BLANKS THIS IS THE 
<* SPACE BETWEEN THE FROM AND TO ENTRIES 
<* NOTE: IF THIS SPACING IS EVER CHANGED, THE SEARCH STRING MUST 
<* ALSO BE CHANGED 
<• 
S <ESC> 
<• 
<* WANT TO POSITION THIS FIELD IN COLUMN 50. CALCULATE THE 
<* NUMBER OF BLANKS THAT MUST BE INSERTED AS 
<S 50 - CTHE CURRENT POINTER POSITION - THE POINTER POSITION AT 
<* THE BEGINNING OF THE LINE.IE., STORED IN REG 1>-1 ' 
<* USE THIS AS AN ITERATION FACTOR FOR AN INSERT COMMAND 
50-.+Q1-1<<I <ESC>> 
<• 
<• 
<* DOWN ONE LINE 
<• 
1L<ESC> 
<• 
<* CLOSE LOOP 
<• 
> EX<ESC><ESC> 
O> 

PGM.EX,WIRERUN.IBCD.BLNK 
1-22-81 17142:03 

<* 
<* THIS PROGRAM WILL MERGE A FILE ON ITSELF. IF COLUMNS 39140 ARE 
<• 
<* 
<• 
<• <• 

BLANK• COLUMNS 1-11 WILL BE BLANKED. USED TO FORMAT THE 
OUTPUT OF A DATE EXTRACT RUN• USING A BOM TALLY. IN THIS CASE 
ONLY THE FIRST OCCURRENCE OF A WIRE NAME WILL BE PRINTED 
ALL SUBSEQUENT LINES WILL BE BLANKED <IN COLUMNS 1-11> 

MERGE FILE 
TEMP.EXT.FIRST 
TEMP.EXT.FIRST 
SI '!39-40 

BLNK 

s I 1 :1-11 
<CR> 
O> 
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PGM.EX.WIRERUN+&BCD.CDMB 
~-18-81 13:55:·21 

SECOND S'TEF' MF:~GE fl~E F!l_E JLJST CREATED !NTO ~NOTHER ~I~E 

<* TEMP.FMT. THIS HAS BEE OPERATED ON BY EX.WIRERUN.COL 
<* 
MERGE FILE 
TEMP.EXT.FIRST 
TEMP.FMT CPL 130 
1-11:1-11 

41-72!73 

<* 
<* NEXT STEP IS TO PERFORM A RUN REARNG ON TEMP,FMT 
<* COLUMN SELECTION MAY BE CHANGED. 

RUN REARNG 
TEMP,FMT CPL 130 
TEMP.DST 
1-8:1-8 
73-74110-11 
13-27!13-27 
50-64!29-43 
75-90!45-60 
93-97!62-66 
100-104!68-72 

<* 
<* SCRT THE FILE BY ZONE COLUMN 12 AND FROM DESIGNATOR COLUMNS 
<• 13-27 
<• 
SORT FILE TEMP.DST 
10-11 
13-27 

SORT FILE TEMP.EXT.T 
14-38 

RUN TALLY 
TEMP.EXT.T 
TEMP.TALLY 
40-41 
14-38 

O> 

7>CVTECO TEMP.FMT 
TECO Version 4.02 
#EA J$$ 
# 
<:&T 
.Pl$ 
12C$ 
s $ 
50-.+Ql-l<I $> 
11$ 
> EX$$ 
7> 
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SCHEMATIC KEYFILE 2101.2 
LIM.MHU.l•Ot.1 
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APPLICATION OF ''DATA EXTRACT'' 
TO 

AEROSPACE VEHICLE WIRING 

I. INTRODUCTION 

Robert D. Cook 
Vought Corporation 

P.O. Box 225907 
Unit 2-51700 

Dallas, TX 75265 
214-330-4601 X372 

Vought has been active in the field of Computer Aided Design for over 15 years. The 
company is a prime contractor for militar~ aircraft and missiles. This paper describes the ap
plication of Computer Aided Design, particularly Computervision (CV) Data Extract to the 
process of design, documentation and fabrication of the electrical systems and wiring installed 
in the aircraft, missile and other products of Vought Corporation. 

The wiring in the product is broken up into wiring harnesses for fabrication and installa
tion of wiring into the end product (see fig. 1). The systems are described by wiring (intercon
nection) diagrams which both document and aid in the checkout of the system (see fig. 2). 
Customer documentation requires us to produce both wiring diagrams and wiring harnesses. 

In May 1975, Vought acquired its first ComputerVision (CV) equipment. This consisted 
of two Interact IV tables, an Interact II, one CRT and a Nova 1200 mini-computer. We im
mediately began using this system to generate wiring diagrams using CADDS I. The harness 
drawing data was still hand-coded from the wiring diagrams and batch loaded into a main
frame. 

The system configuration has changed considerably since then. There are now two 
separate systems consisting of five or six CRT display consoles, a CGP-100, and a tape drive. 
Each system also has one INTERACT IV table and a TI Silent 700 terminal. A third system 
has raster graphic terminals on a CGP-200. A UT200 interface has been established between 
the CYBER 175 mainframe and each of the systems. The systems share a Versatec dot plotter 
for an output device. 

II. GOALS 
Since the wire harness data is hand-coded from the wiring diagrams, several opportunities 

for error exist. Therefore, a major goal is to automate the coding of this data. Eventually, the · 
initial coding is to be done by computer extraction of the data from the wiring diagrams, thus 
eliminating manual coding and keypunch and reducing the span time between program go
ahead and manufacturing the harnesses. It is also very desirable to be able to edit the ex
tracted data table and have the changes automatically incorporated into the graphics (back
annotation). 
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III. PROTOTYPE PHASE 
A. Study 

Because of the above goal, an investigation was made into the use of Data Extract, a CV 
software package. Essentially Data Extract pulls off desired non-graphical data (i.e., text) 
using pre-defined properties and associations. The information required to support this wire 
harness data is shown in Table I. Approximately a man-month was spent on this study, and a 
working prototype was developed for test purposes on two different aircraft programs. 

The use of Data Extract meant that all diagrams generated on these two programs would 
have to be done using nodal entities. Therefore, a new part library was required that would 
contain all the associations needed to support Data Extract. A new library was created instead 
of modifying the existing library so that the existing drawings would not be impacted by the 
Data Extract capability. 

The major program on which Data Extract was used was the initial design of a military 
aircraft. Due to schedule contraints, the wiring diagrams had to be digitized after the wiring 
harnesses were completed. Therefore, we were not able to use the Data Extract process to 
replace the coding but we were able to use it to compare the wiring diagrams and the wiring 
harnesses. 

B. Results 
It was immediately apparent that it took twice as long to digitize the drawings using 

nodal entities as opposed to digitizing without using nodal entities. This result had been an
ticipated however, and determined to be acceptable if the overall span time was shortened by 
reducing subsequent coding or checking. 

Once a few of the diagrams had been digitized, the Extract procedure was executed, and 
the resulting data transmitted via the UT200 to the CYBER 175 computer where it was pro
cessed into the same form as the existing harness data. A comparison was then made between 
this data and the harness data and a discrepancy report generated. The comparison resulted in 
the discovery of a few problems which were corrected. This meant that the harnesses were 
now freer from error than those generated by hand with manual checking. 

C. Problems 
Several problems were encountered in the course of this study phase. One problem was 

the limited documentation available concerning Data Extract. A large portion of the trouble 
we had in getting Data Extract to work is directly attributable to that fact. 

A second problem was discovered in putting all the information into the diagram. 
Although we originally intended to use nodal text insertion to get all the data into the 
diagram, we switched to using default properties for that information which did not have to 
be visible on the diagram. 

A third problem was discovered in trying to extract shielding information from the 
diagram. We have decided to sidestep this problem by coding the shield entries by hand and 
adding them to the data base. We are continuing to work on a solution to the problem. This 
problem is partially due to the format of our shield data. That is, the relationship between the 
graphic presentation and the tabular presentation is not straightforward. 

A fourth problem was that post-processing of the extracted file inhibited the back
annotation process. A satisfactory solution to this problem has not yet been found. 

Once all the problems were identified in the study phase, solution or work arounds were 
developed to· correct them. This resulted in changes to our approach, including the develop
ment of the following new digitizing techniques. 

1. A menu to support Data Extract. 
2. A parametric execute (PAREX) file to insert wire numbers. 
3. A P AREX file to run the extract process including the required data manipulatron. 
4. A PAREX file to transfer the data to the mainframe. 
5. Text annotation techniques to insert pin text. 
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IV. PRODUCTION PHASE 
The first use of this extract procedure was in the design of a missile by Vought engineer

ing. Basically, one engineer designed the electrical wiring required for the systems on the 
product, laid out the diagrams, digitized the diagrams using Data Extract-compatible figures 
and properties, extracted the data from the diagrams and transferred the data to the CYBER 
175 mainframe where he was able to process it as if he had coded it by hand (see fig. 3). 
Table II describes the savings data we accumulated during the course of the design. 

V. CONCLUSIONS AND RECOMMENDATIONS 
The savings encountered in both the prototype and production phases of the development 

process prove that we have achieved a viable approach to interfacing the wiring diagram with 
the wire harness. A large portion of the labor involved in generating the wire harness can be 
eliminated by the use of Data Extract, but more importantly the duplication of effort required 
in digitizing the wiring diagram and adding the same information for the wire harnesses and 
the possibility of introducing errors is eliminated. 

One thing that would make this process more efficient is the ability to have the wiring 
diagrams and the wire harness data system on the same computer. This will be a reality if CV 
develops a computer the size of a VAX 11/780 with a COBOL compiler. We feel that this is a 
definite goal that will allow CV equipment to handle the entire electrical documentation prob
lem. 

Using Data Extract to retrieve the interconnection data does have some disadvantages. 
Each diagram requires more space for on-line or archival storage. The process also requires 
that all the diagrams be digitized before the harnesses can be worked on since a harness is 
usually split up among several diagrams. 

One area that still needs to be studied is back-annotation of changes into the diagrams. 
We have found that manipulation of the data necessary to support the wire harness system 
destroys the capability to back-annotate the changes. 

The major benefit of this process is that it allows the design task to be accomplished 
using fewer people by placing more of the burden on the machine. A second major benefit is 
the ability to incorporate changes to an existing design in a shorter time span. This benefit 
could be more important than the first, since sometimes reduced schedules are more important 
than reduced costs. 
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_y_ 
WIRE LIST 

REF DES PART NUMBER DESClll PTI CN FSC14 
f"ll) l -OJlj TC l "11\E NUMBER TS RFI ENO 2 -PIN TC2 TYPE l G IN "IOTE EFF CKT 0 

P2052 GG ADC UB'16A22 P23!10 20 ACl EE22 300 SSl • nos2 HH ADC ·UB75A22 P2350 21 ACZ EE22 300 SSl • P2052 JJ ADC U874A22 P2350 22 ACZ EE22 300 SSl • 
P2052 KK ADC U88CJA22 P2350 4CJ ACZ EE22 300 SSl • P2D52 LL ADC U886A22 P2350 16 ACZ EE22 300 SSl • P2052 l4H SPARE PIN SPARE 
P2052 NN ADC APOl26-341A22 P20!19 49 ACZ EE22 223 551 • P2052 PP ADC AP0126-342A22 P2059 ·16 ACZ EE22 223 SSl • 
P2052 SH A30 AGl4 AP0l26-l40C /SH P2050 SH Al6 AGM SSl • P2052 SH A30 SHLO JMPR SH A30 P2052 B AOC EEZO l2 SSl • 
P2052 SH A41 SHLD JMPR SH A4l P2052 p ADC EEZZ 6 SSl • P2052· SH A41 AG14 APQ126-324A/SH P2059 SH M2 AG14 ,SSl • 
P2052 SH A45 SHLD JMPR SH A45 P2052 DD ADC EE22 6 551 • 
P2052 SH A45 AGM UCJOCJA/SH P2350 SH M6 AGM SSl • 
P2053 CVC6062E6121 SG\6 PLUG 

P205'3 l SPARE Pl N SPAR£ 
P2053 2 SPARE Pl N SPARE 
P2053 3 REF-226-27743 $$3 
P2053 4 REF-226-27743 $$4 
P2053 5 AFP AP0126-131C P2048 F ACL QH- 214 $$1 • 
P2053 6 AFP APO 126-l 70C P2048 A ACL QM- 214 SSl • 
P2053 7 AFP APCH26-206C P2048 E ACL QM- 214 SSl • 
P2053 8 VP APQ126-l36C PZ048 8 ACL QM- 214 SSl • 
P20~'3 9 AFP U892A PZ350 10 ACZ Ql4- 300 551 • 
P20li3 10 RFF-226-27743 SS3 
P2053 11 AFP APQ126-l6 58 P2048 c ACL QM-- 213 551 .. 
P205? 12 ·up AP0126-1668 P2048 D ACL QM- 213 SSI • 
P2053Al CVC6069-61G ADAPTER 

P2053A2 '453057-16" CLAMP 

-~ 02054 CVCl>062f6121SWG PLUG .1+ 
~20"i4 1 AFP AO:l126-34 8A P2059 10 ACZ QM- 223 $51 • 
P2054 2 Af P APQ126-349A P2059 9 ACZ QM- 223 SSl • 
P2054 3 AFP AP01Z6-350A P2059 6 ACZ QM- 223 SSl • 
P2054 4 AFP APQ126-l62A P2059 8 ACZ QM- 223 SSl • 
P2054 5 AFP U893l P2350 9 ACZ QM- 300 551 • 
P2054 6 HP U8<14A P2350 6 ACZ OM- 300 551 • 
P2054 7 SPAR~ PHI SPAH 
P2054 8 SPARE PIN SPARE 
?2054 9 AFP APQ126-163A P2059 35 ACZ QH- 223 SSl • 
P2054 10 A~P APO l2~-283A J2152 ACB QM-. 583 SSl 
P2054 11 AFP AP0126-285A J2153 ACB Q'4- 583 SSl 
P2054 iz HP APQ126-284A J2154 ACB OM- 583 SSl 

P2054Al eve 606~61G ADAPTER 

P2054A2 '4S~057-16A CLAMP 

•?055 'I 52 74 73T 24~ 61 S~ PLUG 

0?055 A AOC AOQ l26-l91C20 vz P2049 FF ADC EE20 215 SSl • 
P?.055 B ADC A?;ll26-l9ZC20 V2 PZ049 GG ADC EE20 215 SSl • 
Pl055 C. ADC AP0126-126B22 P2049 DD ADC EE22 215 SSl • 
~2055 D ADC AOQ126-lll62Z P2049 EE ADC EE22 215 SSl 
P?.0~5 E AOC APQ126-149C2Z P2050 88 AOC E.'422 210 SSl • 
P2~55 F AOC AP0126-452C22-BU 52 P2050 DD AOC EN22 SS1 • 
P20~5 G ADC APO 126-1 72C ZZ- w S2 P2050 EE ADC EN22 210 SSl • 
P?.055 H AOC SHLO J '4PR S~A3 l P2055 SH A31 AHA EE22 6 SSl 
P2055 J AOC AP0126-157CZ2-W T2 P2050 FF AOC EN22 210 $51 • 
P20!>5 K AflC , AP0126-453C22-BU 12 F2050 GG ADC EN22 SSl • 
P2055 l ADC SHLD JMPR SHA32 P2055 SH AJ2 EE22 e SSl 
P2055 '4 4DC AP~l26-152C22 P2050 •111 AOC EE22 210 SSl 

Figure 1: ·Sample Wiring Harness 
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Table I: 
Wire Harness Data Elements 

ELEMENT NAME 

ASSEMBLY NUMBER 

REFERENCE DESIGNATOR 
(END 1) 

PIN NUMBER 
(END l) 

TERMINATION CODE 

(END l) 

WIRE NUMBER 

REFERENCE DESIGNATOR 
(ENO 2) 

PIN NUMBER 
(ENO 2) 

TERMINATION CODE 
(END 2) 

WIRE TYPE/GAUGE 

WIRE LENGTH 

NOTES 

WIRING DIAGRAM 

EFFECT! V ITV 

TWIST SYMBOL 

DEF IN II ION 

WIRE HARNESS ASSEMBLY INTO 
WHICH A WIRE SHALL BE 
INSTALLED. 

UNIQUE IDENTIFIER WITHIN 
A PRODUCT WHICH IS ASSOCIATED 
WITH A PARTICULAR PIECE OF 
HARDWARE. 

UNIQUE END POINT OR CONTACT 
FOR A GIVEN REFERENCE DESIGNATOR 

UNIQUE CODE DESCRIBING THE 
HARDWARE AND VOUGHT SPECIFICATION 
REQUIRED TO TERMINATE A WIRE AT 
THIS END. 

A NUMBER THAT UNIQUELY IDENTIFIES 
A PIECE OF WIRE IN A GIVEN PRODUCT. 

UNIQUE IDENTIFIER WITHIN A PRODUCT 
WHICH IS ASSOCIATED WITH A 
PARTICULAR PIECE OF HARDWARE. 

UNIQUE END POINT OR CONTACT FOR A 
GIVEN REFERENCE DESIGNATOR. 

UNIQUE CODE DESCRIBING THE HARDWARE 
ANO VOUGHT SPECIFICATION REQUIRED 
TO TERMINATE WIRE AT THIS END. 

A UNIQUE CODE THAT IDENTIFIES A 
PIECE OF WIRE WITH A PARTICULAR 
WIRE PART NUMBER 

ACTUAL OR ESTIMATED CUT LENGTH OF A 
PIECE OF WIRE 

TWO 2-DIGIT FIELDS THAT REFERENCE 
A NOTE CONTAINED IN THE PARTS LIST 
FOR A GIVEN ASSEMBLY. 

A REFERENCE TO THE SYSTEM INTER
CONNECTION WIRING DRAWING. 

A MEANS OF IDENTIFYING THE USE OF 
THIS WIRE IN A GIVEN SINGLE 
PRODUCT OR BLOCK 

A UNIQUE-TO-THE-ASSEMBLY MEANS OF 
IDENTIFYING TWISTED OR MULTI
CONDUCTER CABLES. 
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PROCESS 

Diagram Cost* 
Per Diagram 

TOTAL 

Harness Coding 
W/O Data EXTR 
W/ Data EXTR 

TOTAL 

% Savings 
Over Manual 
Over CV (non-nodal} 

Table II: 
Program Cost Data 

MANUAL 

28 

560 

666 

1226 

CV (NON-NODAL} 

20 

400 

666 

1066 

13. 1% 

CV (NODAL) 

30 

600 

150 

750 

38.8% 

29.6% 

*Includes diagram layout time, 10 hrs, 10 hrs and 12 hrs respectively. 
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ABSTRACT 

AN OVERVIEW OF CVNET 

Ken Johnson 
Engineering Computer Services 

STG Division· 
Westinghouse Electric Corporation 

700 Braddock Avenue 
East Pittsburgh, Pa. 15112 

412-256-2191 

This paper gives an overview of Computervision's data communications package which is 
called CVNET. Included is a definition of CVNET, its purpose, the hardware and software 
necessary to implement it, and some instructions on its use. 

The more commonly used commands are described, but not in any great detail. The pro
tection flags and CVNET log files are also touched upon. The paper is concluded with some 
curves of data transmission time versus sector size. 

Presentation is done with a set of foils and an overhead projector. This document con
sists of a copy of each foil preceded by a page of supporting text. 

INTRODUCTION 
Foil #1 

Our experience with CVNET comes from a CADDS3, CGP/100, rev. 10 system, and the 
material presented here is from that frame of reference. The advent of CADDS3 rev. 11, 
CADDS4, and Computervision's networking facility affects change in some areas of this 
presentation, and the user needs to keep that in mind. 
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Foil #2 
CVNET is a data communications link that can be used between any two Computervision 

systems having compatible hardware and software. 
It uses synchronous transmission and the standard RS-232 interface. 

Foil #3 

WHAT IS IT 7 
A 

lJ DATA COMMUN IC AT IONS LINK 
BETWEEN TWO COMPUTERVISION 
SYSTEMS 

2J SYNCHRONOUS (CLOCKED) 
TRANSMISSION 

3) RS-232C STD. INTERFACE 

With this data communications link, you can pass binary files back and forth between 
systems. CADDS parts and CADDS object code overlays are examples of binary files. 

Text files can also be passed over CVNET. Execute files, FORTRAN source programs; 
and PEP source programs are examples of text files. Any file created with the text editor is a 
text file. 
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WHAT CAN IT DO:? 

1J PASS B !NARY FILES FROM ONE 
CV SYSTEM TO ANOTHER 

AJ CADDS PARTS 
BJ CADDS OVERLAYS 

2) PASS TEXT FILES FROM ONE 
CV SYSTEM TO ANOTHER 

AJ EXECUTE FILES 
BJ FORTRAN SOURCE 

, CJ PEP SOURCE. 



Foil #4 
To implement CVNET, you need the CVNET software, you need a communications con

troller which can be either a SLU board or PCU board, and you need some kind of a com
munications link between the systems. 

Foil #5 

WHAT DO NEED 
1) CVNET SOFTWARE PACKAGE 

2l COMMUN iCATIONS CONTROLLER 
BOARD 

Al SLU CSYNCHRONOUS 
LINE UN ITJ 

Bl PCU (PROGRAMMABLE 
C 0 MMU N IC AT i 0 NS UN IT) 

3) DATA COMMUN !CATIONS LINK 

Al CHOiCE OF THREE 
TYPES 

There are three different types of communications links available. 
For long distances there are dial-up modems that use the telephone lines. Maximum line 

speed is 9,600 baud. 
Short-haul modems can be used over distances of up to 7000 feet. The line speed is 

19,200 baud. 
For local links of up to 50 feet, two systems can be cabled together directly without the 

use of modems. 
CVNET will operate with any device that has an RS-232C interface at speeds up to 

56,000 bps. However, the maximum transfer rate of the PCU is 19,200 bps. 

LINK OPTIONS 
AJ 0 iAL- UP LINES AND MODEMS 

Bl PRIVATE LINES WITH DED!CATED 
MODEMS CSHORT HAUL) 

Cl HARDWIRED LINK 
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Foil #6 
These are some of the more common links used. The first three are dial-up modems, the 

next two are short-haul modems and the last one is the hardwired link. 

MODEM 

BELL 2088 

BELL 209A 

TELE- DYNAMICS 
72088 

SPECTRON 
DT-401 · 

PRENTICE 
SLD 19.2M 

HARDW~RED 
CNO MODEM) 

252 

BAUD 
RATE 

4.800 

9. 600 

4.800 

19.200 

19. 20 0 

40K 

LINE 
TYPE 

DIAL- UP 

PRIVATE LINE 

DIAL- UP 

4-WIRE 

4-WIRE 

SPECIAL 
CV CABLE 

MAX. 
LENGTH 

7.000 FT. 

7. 0 0 0 FT. 

50 FT. 



Foil #7 
Your configuration has to contain the auxiliary units for the PCU or SLU controller. 

These two are for the PCU. Both are needed for one PCU. 

Foil #8 

CONF IGU RAT ]ON ( PCUJ 
AUX UNIT 6: PCUC 

P?-'lR•"'iMETERS: 
j_ + NAME:l <BCD) 

2. NAME2 <BCD> 

3. DEVNO IN <HEX> 

PC 
00 

4. DEVNO OUT <HEX> 

5. UNCHWRDi 

6+ UNCHWRD2 

7. UNCHWRD3 

AUX UNIT 7: PCUG 
PARAMETERS: 

<HEX> 

<HEX> 

<HEX> 

i . NAMEi <BCD> 1.=·c 
2 .. iNAME2 <BCD> 01 

3. DEVNO IN <HEX> 

4. DEV NO OUT <HEX> 

= .;.J. UNCHWF~D l. <HEX> 
6. UNCHWRD2 <HEX>. 

7. UNCHWHD3 <HEX> 

OOiO 

OOi l. 

0000 

0000 

0000 

001C 
001D 

3330 

0000 

0008 

This is t)le way the configuration would look for a SLU controller. 

Foil #9 

C 0 NF ] GU RAT I 0 N (SLU) 
AUX UNIT a: TBID 

PARAMETERS: 

i • NAME:l <BCD> 

2. NAME2 <BCD> 

3. DEVNO IN ( HE 0X) 

CV 

NO 

4. DEVNO OUT <HEX> 
s. UNCHWRD:l <HEX> 

6+ UNCHWRD2 <HEX> 

7+ UNCHWRD3 <HEX> 

002A 

= 002B 
0000 

0000 
0000· 

Of course, before your system will understand any CVNET commands, you need to ac
tivate the CVNET command table. 

Now we have everything we need to run CVNET. 

COMMAND TABLE 
0) SYSCMTB CMTB.CVNET(CR) 
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Foil #10 
Before we can pass any data, we need to bring CVNET up on a task. This needs to be 

done at both the sending system and receiving system. 
Most modems have an "automatic answering" option. This option allows you to bring 

CVNET up on a task and leave it active, then any remote system that dials you up will be 
connected automatically without operator intervention. For this luxury, however, you need to 
dedicate a task to CVNET. 

HOW DO USE !T 
1) NEED TO BR~NG UP CVNET 

ON A TASK AT BOTH SYSTEMS 

Foil #11 
If your communication board is a SLU, simply type in CVNET and the device code 

which is usually CVNO. If you have only one communications device on your system, you 
need only type in CVNET and return. 

US ING SLU 
0) CVNET Cdeuice code) (CR) 

Foil #12 
If you're using a PCU board, you must type in one of three options. 

1) CVNETR and the device code for dial-up modems. 
2) CVNET and the device code for hardwired and PCU boards in both systems. 
3) CVNETS and the device code for hardwired and the other system is using a SLU 

board. 

The device code is usually PCOO. Again, you don't have to type in the device code if 
there is only one communications board in the system. 

US ~NG PCU 
AJ ONE OF THREE OPTIONS 

1) MODEM LINK: CVNETR 

2) LOCAL PCU TO PCU: CV NET 

3) LOCAL PCU TO SLU: CVNETS 
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Foil #13 
When using dial-up modems, bring CVNET up first, then dial the other system. Notice 

that CVNETR is used. 

Foil #14 

US ING A MODEM 

1) DIAL UP THE REMOTE 
AFTER BR ING ING UP 

O>CVl'lETR PCOO ~ 

*** CVNET VIA PCU *** 
MODEM CONNECTION 

SYSTEM 
CV NET 

IF SWITCHED LINE. DIAL PHONE AT FIRST PROMPT 

CVNET LOG ALREADY EXISTS 

TY~E <CR> TO APPEND• <S> TO SUPERCEDE:J 

* 

This is an example of bringing up CVNET for a hardwired PCU to PCU connection. I'll 
explain the CVNET LOG later. 

HARDW~RED 

O>CVNET PCoo) 

*** CVNET COMMUNICATION SYSTEM - REV. 1.20 *** 

*** CVNET VIA PCU *** 
DIRECT NO-MODEM PCU-PCU CONNECTION 

CVNET LOG ~LREADY EXISTS 
TYPE <CR> TO APPENDr <S> TO SUPERCEDE:) 

* 
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Foil #15 
There are a number of CVNET commands that can be used once CVNET has been 

brought up on a task. This is a list of the more common ones. All of them can be abbreviated 
to the first two characters as they are shown here. I'll go over each of these in a little more 
detail. 

CV NET COMMANDS 

1J ME - SEND A MESSAGE TO REMOTE 

2J SE - SEND A FILE TO REMOTE 

3) RE - RECEIVE A FILE FROM REMOTE 

4) PR - PR INT A TEXT FILE 

5) co - SETS PROTECTION FLAGS 

6) ST - PRINT STATISTICS 

7) LO - PRINT THE LOG 

8) QU - EX IT FROM CVNET 

Foil #16 
The message command is used only for carrying on a dialog between yourself and an 

operator at the remote system. Messages are not stored on the disk as binary and text files 
are. They only appear on the receiving taks output device. 
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MESSAGE COMMAND 

1J FOR C 0 MMU N IC AT~ 0 N 0 NL Y. 
MESSAGES ARE NOT STORED 
ON THE DISK 

ME an-y text characters 



Foil #17 
The SEND command is used to send a file from your system to some other system. 
FILENAME is the full name of the file you want to read from your disk and pass to 

another system via CVNET. 
AL TNAME is an alternate name you can attach to your file as you send it to the receiv

ing system. The file will be stored on the receiving system's disk under the alternate name. 
TEXT or TE indicates to CVNET that a text file is being sent. 
BINARY or BI indicates a binary file. This need not be typed because binary is the 

default. 

Foil #18 

SEND COMMAND 
. · [/TEXT J 1J SE (filename) LaUname] /BINARY . 

A) FILENAME - NAME OF THE FILE 
BEJNG SENT 

8) ALTNAME - NAME THE FILE WILL 
WILL BE STORED ON 
THE REMOTE AS 

C) TEXT - INDICATES. A TEXT 
FILE' IS BEING SENT 

0) BINARY - INDICATES A BINARY FILE 
IS BE ING SENT CDEFAULTJ 

The RECEIVE command is the same as the SEND command except it is initiated from 
the receiving system. With the RECEIVE command you reach out and pluck a file from the 
remote system's disk. All the parameters have the same meaning as they did for the SEND 
command. 

RECEIVE COMMAND 
1) RE (filename) LultnumeJ [/TEXT J 

/BIN ARY 

AJ PARAMETERS ARE THE SAME 
AS FOR THE SEND COMMAND 
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Foil #19 
Now, you might be concerned about unauthorized people having access to your disk. 

CVNET gives the user the option of setting some protection flags that will give him a measure 
of control. He can prevent outside users from writing files on his disk, copying files from his 
disk, and overwriting existing files. 

Foil #20 

CONFIGURATION 
COMMAND 

1) PROTECTION FLAGS: 

RCV - YIN 

SND - YIN 

UPD - YIN 

OVR - YIN 

DRP - YIN 

A log of each CVNET session is maintained on the system in a file called CVNET.LOGn 
where n is the task number. 

This log can be displayed while CVNET is up by typing in LOG or LO. At systems level, 
you simply print the file CVNET .LOGn. 
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CVNET LOG F~LE 
1) CVNET MA~NTAINES A LOG OF 

ALL FILES AND MESSAGES 
SENT AND RECEiVED 

2) MAINTAINED IN A FILE CALLED 
CV NET. LOGn WHERE n IS THE 

TASK NUMBER 

. 3J CAN BE D !SPLAYED WH !LE 
~N CV NET BY TYPING LOG 



Foil #21 
This is a printout of a log file. Each CVNET session is appended to the end of the file 

unless you elect to supersede the file. Each new session is indicated with the date and time. 
The arrows indicate the direction of communication. 

Foil #22 

*LOG~ 
CVNET LOG 

9:39:59 

9:39:25 

9:40:49 

9:41:39 

9:42:29 

9!42!53 

* > 

3- 6-81 

-> ME 

<- ME 

-> ME 

-> SE 

<- ME 

-> ME 

9:3a:35 
HELLO, ARE YOU UP? 

YES• I'M HERE 
DON'T TYPE, I'M GOING TO SEND YOU A PART· 

~D3PRTS.S.DWGFOL.INPUT.FORM.COM 

I GOT IT• THANKS 

O.K., OVER AND mfr 

The STATUS command is intended to display statistics that were compiled during the 
CVNET SESSION. Typing in STATUS or ST causes the table to be printed out. 

STATUS COMMAND 
1) TYPE IN vv STATUS <CR> vv 

*ST J.. 
STATISTICS: 

SERIAL NO= 0 
DATA ERRORS= 0 

SHORT T:CME-OUTS= 0 
REPLY ERRORS= 0 

X ERROR RATE= 0 

Foil #23 
The last command we are going to look at is the QUIT command. The QUIT command 

terminates CVNET and returns the task to the operating system. This command usually takes 
15 or 20 seconds to execute. 

QUIT COMMAND 
lJ USED TO EXIT FROM CVNET 

AND RETURN TO THE 
OPERATING SYSTEM 

2) TYPE vvQU lT (CR)'vv 

*QUIT) 

** CVNET TERMINATED ** 
O> 
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Foil #24 
CVNET provides the user with the ability to develop execute files of CVNET commands. 

These files can then be executed during a CVNET session. All one needs to do is type in the 
name of the execute file, and execution will begin. 

Foil #25 

EXECUTION FILES 
1J TEXT FILES CONT A IN ING CVNET 

COMMANDS CAN BE EXECUTED 
FROM CVNET 

2) SIMPLY TYPE IN THE FILE NAME 

These last three slides give you an idea of how long it takes to send data via CVNET. 
These times were taken using dial-up modems and 4800 baud lines. Teach system had a 

PCU board. 

CV NET 
TRANSMISSION 

TIME 
PCU-PCU 
(MODEM) 

z 

2 100 

w 
2 80 

~\.~ f- c) z r::::;«--
0 60 (;~ 
ti) 0<:_; 
ti) 

01 i ,__; 

2 40 tx. • 
ti) '? 
z 
<( 

0:: 20 
f-

5 IQ 15 20 25 

SECTORS (XIOOJ 

260 



Foil #26 
This slide 1:$the same as the first except one of the systems has a SLU board in it. 
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Foil #27 
The last slide was taken from two systems hardwired together. The line speed is limited 

by the PCU board to 19,200 baud. · 

z 
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w 
2 20 
I-

z 
0 15 
Ul 
Lf1 
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Ul 
z 
<( 

0::: 5 
I-

262 

t 
-t 
..l. I ,. 

CV NET 
TRANSMISSION 

TI M.E 
(HARDWLRE) 

"-~ 
\~ 

<(--0 
~() 

<v(i 
0 

~0 
~· 

"() 

-~ 
.l!'.t-·I I I I I I 

5 10 15 20 

SECTORS ( XIOOl 

25 



ABSTRACT 

CV HASP 

A.H. Killinger 
Drafting Interactive Graphics 

NTD Division 
Westinghouse Electric Corporation 

P.O. Box 355 
Pittsburgh, PA 15230 

412-373-4147 

This paper provides the Computervision (CV) user with some general information about 
CV HASP and some specific examples showing how to use the CV system as a terminal to a 
host mainframe. 

The examples show the CV system operating as a terminal to both IBM and CDC main
frames and the transfer of a drawing data base between CV systems using an IBM as the com
mon link. 

This presentation also uses a set of slides and an overhead projector . 

. INTRODUCTION 
CV HASP (Houston Automatic Spooling Program) is a synchronous communication 

package which allows the system to access the computing power and other facilities of a 
host mainframe. 

Access to a mainframe computer provides the opportunity to perform complex analysis 
on data derived directly from the drawing data base. When a fast mainframe response is 
available, geometric definition and analysis could be accomplished at one session. 

The examples used for this paper are simple and are only intended to illustrate the 
process. 

CV HASP 
CV HASP-What is it? HASP is an integrated hardware and software synchronous com

munication package which will provide access to a host mainframe. The CV system thus 
becomes a terminal of the host computer. 

What do you need to use HASP? 
1. A "PCU" board and software, both available from CV. 
2. Sign-on and sign-off records. The CV user's guide* and your local computer user ad

visor will provide the correct format. 
3. Communications link (telephone, modems, etc.) 
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Types of Communication Links. 
1. Dial-up telephone and modems. 
2. Private line with dedicated modems. 
3. Direct hardwired cable (50 ft. max.) 

*See "CV HASP Communications User Guide" (Order number 001-00221) for more detailed description. 

EQUIPMENT 
The equipment at the W MNC facility is as shown in Figure 1. It consists of two (2) CGP 

200/10 systems each equipped with a PCU board and HASP software and both systems run
ning 11-E Operating Systems. One CV system is hardwired to the CDC-7600 facility via a 
9600 baud line while the other CV system uses a 4800 dial-up line to either the CDC facility 
or the IBM facility. 

The hardwired line was obtained so that an engineer at a work station remote from the 
CGP could c;onnect to the CDC by simply typing in HASP. Without the hardwire, the 
engineer had to type in @ CONNECT ~ at his work station within a time limit after dialing 
the phone at the CG~. 

The CV supplied commands used to control the terminal operation are shown in Figure 
2. These commands facilitate the CONNECTing, OPENING and CLOSing of streams, 
SENDing, PRINTing, and QUITing of HASP operations. 

In addition to the CV supplied commands, there are other commands which provide the 
CV HASP terminal operator with control of the mainframe and its support devices. On the 
IBM, these are called JES3 (Job Entry System) commands. On the CDC, the commands are 
for INTERCOM. 

It is necessary to have a working knowledge of these commands in order to start and stop 
printers, to define and start and stop card readers, move files, etc. Your local computer 
advisor will be able to provide the information relevant to your site. 

WHAT DID WE WANT TO DO AND WHY? 
1. In .order to make the computing capacity of the IBM available to the CV system, it 

was desired to be able to create an IBM job on the CV system, execute the IBM job on the 
IBM and receive the output at the CV terminal. 

2. In order to make use of the specific programs on the CDC system (such as finite ele
ment analysis) it was desired to be able to create a CDC job on the CV system, transmit the 
job to the CDC, execute the job on the CDC and receive the output at the CV terminal. The 
CDC job (created on the CV system) would contain data derived from a CV drawing or a CV 
PEP or Fortran program. It is also desired to use the CDC system as the common link to 
other special purpose computers which will construct the appropriate grid on a geometry 
(PRIME) prior to finite element analysis and which will perform structural analysis (Data 
General). However, the communications with the special purpose computers is not reported 
on in this presentation. 

3. Many of the Westinghouse CV sites will have PCU boards and HASP software which 
will provide access to a central Westinghouse IBM system. Since HASP provides more flex
ibility and stability than CVNET, it was desired to be able to use HASP and the IBM system 
as the vehicle to transfer drawings between CV systems. 

WHAT HAS BEEN DONE? 
1. An IBM job has been created on the CV system, transmitted to and executed on the 

IBM and the output printed on the CV terminal. The IBM job consisted of a set of six (6) 
Job Control Cards followed by a very small Fortran program followed by two (2) additional 
Job Control Cards (see Figure 3). The IBM job was transmitted to the IBM as shown in 
Figure 4. This is the actual printout from the typewriter and as such is very busy and although 
Figure 4 is included in the written report, it is not shown here. Figure 5 shows the commands 
which were typed in by the operator and deletes the system responses. After CONNECTing, 
the reader is OPENed, the file containing the IBM job is sent (SEND) and the reader is 
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CLOSED. Closing the reader signals, to the IBM, the completion of the batch job input. The 
printer is started and after execution of the IBM job, the output is transmitted to the CV 
system and the print stream is closed. The printout may be printed and/or displayed on a 
CRT as desired. 

2. A CDC job has been created on the CV system, transmitted to and executed on the 
CDC and the output printed on the CV system. To do this, three text files were created on the 
CV system. These files are shown in Figure 6. The first text file contains five (5) lines of CDC 
Control Cards. The second text file contains a very short Fortran program. The third file con
tains a line with a hex 3F in the first character. This is the CDC "end of section" card which 
is needed to terminate the CDC Control Cards. As there is no key on the CV keyboard which 
wil generate a hex 3F, I used the PACHFIL command to generate the required character. The 
CDC job was transmitted as shown in Figures 7, 8 and 9. Figures 7 and 8 are the actual 
typewriter printouts which include system responses and are very cluttered. Figure 9 (which 
has most of the system responses deleted) shows the sequence of commands used to CON
NECT, LOGIN, DEFINE, control the card reader and line printer, SEND the CDC job and 
receive the printout after execution of the CDC job. The printout may be printed and/or 
displayed on a CRT as desired. 

3. A drawing has been transferred from one CV system to another CV system using 
HASP and the IBM as the common link. To do this, a text file which contains the required 
IBM job was created on the "SENDING" CV system. This text file and the HASP com
mands used to send the text file and the drawing is shown in Figure 10. Here we see that the 
CV text file contains nine (9) Job Control Cards and uses the IBM utility IEBGENER. 
IEBGENER will accept a data file, which is the drawing, and will put that data file in the 
punch queue of the "RECEIVING" CV terminal. The punch file will be in a "HOLD" con
dition. 

Also shown in Figure 10 are the HASP commands used to SEND the IBM job and the 
drawing data base to the IBM. After execution of the IBM job, the drawing data base will be 
in the punch queue of the "RECEIVING" CV terminal. To retrieve the drawing data base 
and generate the drawing, the "RECEIVING" CV terminal would proceed as shown in Figure 
11. This figure shows the CV system being CONNECTed and a JES3 command to list all data 
sets which are in a HOLD condition. Also shown is the JES3 command to delete the "LACE" 
cards from the beginning and end of the punch data. Next is the JES3 command to release 
the punch file from the HOLD condition which will allow the file to be transmitted to the 
"RECEIVING" CV terminal. After the file has been transmitted to the CV terminal, the file 
must be copied into the CD3PRTS catalog before the drawing may be called up on the CRT 
in the normal manner as also shown in Figure 11. 

SAMPLE OF A HASP LOG PRINTOUT. 
Figure 12 shows a sample of a HASP log printout. The log of the previous HASP session 

remains in the system until the next HASP session has been completed at which time the 
previous log is replaced with the current log. 

PROBLEMS 
Problems do exist. The problems appear to differ from site to site, at least in severity. 
The main problem I have observed is that sometimes after the "@CONNECT" com

mand has been issued, the system will hang and will not respond until the operator enters a 
"CTRL-B". All commands after this point appear to be ignored and a "CTRL-SHIFT
POINT" (or "CTRL-C-C" on REV 11-E) must be entered to terminate the task. HASP on 
this task will not be usable until the system has been booted. · 
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I CG~~2~1011-___ H_A_s_P ___ ---.1'1 ... _i_B_M_:--- JES3 

CONNECT 
OPEN< stream id> 
SEND<stream id>: <filename> [/<flags>] 
CLOSE< stream id> 
SUSPEND 
QUIT 
ABORT 
DISPLAY< description> 
PRINT< text-file-name> 

Figure 1 

CONNECT TERMINAL TO MAINFRAME. 
OPEN READER. 
SEND FILES TO MAINFRAME. 
CLOSE READER. 
SUSPEND HASP BUT MAINTAIN LINE CONNECTION. 
TERMINATE HASP. 
EMERGENCY QUIT. 
DISPLAY STATE OF TERMINAL DEVICES. 
PRINT TEXT FILES. 

Figure 2: CV HASP Command Summary 



CGP 
100110 PCU H MODEM ~ MODEM 

THE FOLLOWING IS AN IBM JOB CREATED ON THE CV SYSTEM: 

OTHR.KILL.&BCD.HASPDEMOi 
5-26-81 16:54:43 ACCOUNT NO. 

IBM 

I I MSG LEVEL= (0,0) 
I /AHK3 JOB ( + MDNS),'KILLINGER ',REGION =200K,TIME =(0,10), } IBM STANDARD 

I /*MAIN CLASS= PRIME JOB CONTROL CARDS 
I I EXEC FORTGCLO,PARM.FORT = NODECK 
I /FORT.SYSPRINT DD DUMMY 
I /FORT.SYSIN DD * } 

ANY FORTRAN 

1• } PROGRAM 
I /LKED.SYSPRINT DD DUMMY IBM STANDARD 
I /GO.FT06001 DD SYSOUT =A CONTROL CARDS 

Figure 3 

6>HASP THIS SLIDE IS BUSY 

CV HASP WORKSTATION 
FULL VERSION, REV 1.00 

THE NEXT SLIDE REMOVES 
SYSTEM RESPONSES. 

2-16-81 14:40:58 

CV: PCOO ATTACH ED AS PC 
CV: PC01 ATTACH ED AS PG 
CV: DOWN·LOADING PCU 
CV: DOWN-LOAD COMPLETE 

CV: SESSION NOT ACTIVE 

OPERATOR ENTERED 
COMMANDS ARE UNDERLINED. 

CV: READY FOR CONSOLE INPUT 
@CONNECT 
1338152 IAT7560 RM4A2 ON LINE96 SIGNED OFF 
1338167 IAT7576 LINE HAS TERMINATED 
1441033 IAT7575 RM4A2 STARTED ON LINE96 (085) WITH CONSOLE SUPPORT 

CV: READY FOR CONSOLE INPUT 
@OPEN R1 
CV: R1 PENDING 
1441511 IAT6306 JOB 9054 IS CR 
CV: R1 READY 

@SEND R1: OTHR.KILL.HASPDEM01 
CV: R1 SENDING 

, CALLED BY RM4A2 

OTHR.KILL.HASPDEM01 { 
CV: R1 READY TO THE IBM, CLOSING THE READER 

41-----------1- INDICATES COMPLETION OF THE 
3'v~~~s5L~~~ BATCH JOB INPUT. 

1442246 IAT6201 JOB 9062 = RM4A2-01,01 JOBS,00019CDS,P=15 
1442526 IAT6101 JOB 9069 IS AHK3 , PRTY = 06, CL= PRIME 
1442548 IAT7450 JOB 9062, RM4A2 -01 PURGED 
1444132 4= AHK3 IEF4031 AHK3 - STARTED - TIME=14.44.13 
1444506 4 = AHK3 IEF4041 AHK3 - ENDED - TIME= 14.44.50 
1444587 IAT7001 JOB AHK3 (9069) IS ON WRITER RM4A2PR1 (085), 
RECORDS= 000070. 
1444589 •IAT7030 AHK3 (9069) ON RM4A2PR1 (085), SETUP F = F017006T. 
S PR1,H = N 
1445163 IAT7018 AHK3 (9069) RM4A2PR1 (085) REQ STARTED 
1445164 •IAT7030 AHK3 (9069) ON RM4A2PR1 (085), SETUP F = F017006T. NAME OF CV FILE 

cv: FILE:GPQOL-:-1~~\.oi-----.;__---------- CONTAINING OUTPUT 
OPENED FOR STREAM P1 

CV: P1 CLOSED11---------------0UTPUT FILE COMPLETE 
1446241 IAT7450 JOB 9069, AHK3 PURGED 

Figure 4 
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6>HASP J 
f 

CV:READY FOR CONSOLE INPUT 
@CONNECT J 
@ O~EN R1 J 
@SEND R1:0THR.KILL.HASPDEM01 J { 

l TO THE IBM, CLOSING THE 
@CLOSE R1 ~ ~ READER INDICATES COMPLETION OF 
s p~1 J THE BATCH JOB INPUT. 

$ 
CV:FILE:SPOOL.161440.P1.001..._____ f NAME OF CV FILE 

CV:~f~~6~:gR STREAM P1 l CONTAINING OUTPUT 

' TRANSMITIAL OF 
OUTPUT FILE COMPLETE 

OPERATOR ENTERED COMMANDS ARE UNDERLINED. 

Figure 5 

OTHR.KILL.&BCD.CVCDCPRT1 
2·24-81 8:18:05 

AHK6,T07,P6000,UPQAHK,STMFB,JCSHRT. 
ACCOUNT( ) 
DEST(OUTPUT,1,3K,KILL,$CVTOCDC DIRECT DEMO$) 
FTN. 

} 
STANDARD 
CDC 
CONTROL 
CARDS LGO. 

5> 

OTHR.KILL.CVCDC.&BCD.CDCPROG 
5-27-81 16:25:02 

PROGRAM } 
ANY FORTRAN 

OTHR.HASP.&BCD.789SYMBOL CDC END OF SECTION 
2·19-81 12:25:21 f CARD-TERMINATES 

&1234567891234567891234567897----CDC CONTROL CARDS 

5> THE? IS A HEX 3F. 

Figure 6 
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6>HASP 

CV HASP WORKSTATION 
FULL VERSION, REV 1.00 
2·24-81 8:57:56 

CV: PCOO ATTACHED AS PC 
CV: PC01 ATTACHED AS PG 
CV: DOWN-LOADING PCU 
CV: DOWN-LOAD COMPLETE 

CV: SESSION NOT ACTIVE 

CV: READY FOR CONSOLE INPUT 
@CONNECT 
WPSCC/CDC INTERCOM 5.0 
DATE 02/24/81 
TIME 08.59.30. 

PLEASE LOGIN 

CV: READY FOR CONSOLE INPUT 
LOGIN, 
02/24/81 LOGGED IN AT 09.00.34. 

COMMAND
DEFINE,CR1,029 
COMMAND
READ 
COMMAND
ON,LP1 
COMMAND-

WITH USER-ID 
EQUIP/PORT 14/003 

THE NEXT TWO SLIDES 
SHOW ALL MESSAGES 
AND RESPONSES. 

THE THIRD SLIDE 
REMOVES SYSTEM 
RESPONSES. 

STANDARD 
LOGIN PROCEDURE 
FOR CDC SYSTEM. 

OPERATOR ENTERED COMMANDS ARE UNDERLINED. 

CV: READY FOR CONSOLE INPUT 
@OPEN R1 
CV: R1 PENDING 
CV: R1 READY 

@SEND R1:0THR.KILL.CVCDCPRT1 
CV: R1 SENDING 
OTHR.KILL.CVCDCPRT1 
CV: Ri READY 

@SEND R1:0THR.HASP.789SYMBOL/TEXT,NOXLATE 
CV: R1 SENDING 
OTHR.HASP.789SYMBOL 
CV: R1 READY 

@SEND R1 :OTHA.Kl LL.CVCDC.CDCPROG 
CV: R1 SENDING 
OTHR.KILL.CVCDC.CDCPROG 
CV: R1 READY 

@CLOSE R1 
09.02.47. AHK60AB. BEG IP=OO, TID=LO 
CV: R1 CLOSED 
09.02.54. AHK60AB. 19 CARDS READ 

Figure 7 

. CV: FILE: SPOOL.240857.P1 .001 ~---- CV OUTPUT 
OPENED FOR STREAM P1 FILE NAME 

09.03.31. AHK60AB. BEG OP=40, TID=LO 

CV: READY FOR CONSOLE INPUT 

CV: READY FOR CONSOLE INPUT 
CV: P1 CLOSED 

OPERATOR ENTERED COMMANDS ARE UNDERLINED. 

Figure 8 
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6>HASP i . ~ 

@CONNECT 
* PLEASE LOGIN 

LOGIN, USER ID, PASSWORD, ACCT. NO. i 
~ 

*COMMAND-
DEFINE,CR1,029 ' DEFINE CARD READER AS 029 

*COMMAND-

* ~~~~~!'m- START THE CARD READER 
ON,LP1 i TURN ON THE LINE PRINTER. 

*COMMAND-
@ OPEN R1 i 

~ 
@SEND R1:0THR.KILL.CVCDCPRT1 i 

J 
@SEND R1:0THR.HASP.789SYMBOL/TEXT,NOXLATE i 

• 5 
@SEND R1:0THR.KILL.CVCDC.CDCPROG i 

• r 
@CLOSE R1 i . 

* CV:FILE:SPOOL.240857.P1.001 
* OPENED FOR STREAM P1 

5 
* CV:P1 CLOSED 
* CV OR CDC SYSTEM RESPONSES. 

OPERATOR ENTERED COMMANDS ARE UNDERLINED. 

OTHR.KILL.HASP.&BCD.CVDWGTOIBM 
2-12-81 13:41:45 

Figure 9 

I /AHK8 JOB (AP41313,MDNS), 'KILLINGER ',REGION= 100K,TIME=(0,10), 
I I MSGLEVEL = (0,0) 
I /*MAIN CLASS= PRIME 
I /*FORMAT PU,DDNAME = SYSUT2,DEST =MB 
I I EXEC PGM = IEBGENER 
I /SYSIN DD DUMMY 
/ /SYSPRINT DD SYSOUT=A 
I /SYSUT2 DD SYSOUT = B,HOLD =YES 
I /SYSUT1 DD DATA 
5> 

OTHR.HASP.&BCD.STAR 
1-27-81 16:22:23 

,. 
5> 

6>HASP 

} IBM JOB 
TERMINATOR. 

CV:READY FOR CONSOLE INPUT 
@CONNECT 
@OPEN R1 
@ SEND R1:0THR.KILL.HASP.CVDWGTOIBM 
@ SEND R1 :CD3PRTS.KI LL.9557D05.103.1 COM/Bl NARY ,NOXLATE 
@SEND R1:0THR.HASP.STAR 
@CLOSE R1 

IBM JOB 
USES SYSTEM UTILITY 
PROGRAM IEBGENER. 

WILL ACCEPT A DATAFILE AND 
CREATE A PUNCH FILE AND PUT 
IT INTO MB'S QUE. THE PUNCH 
FILE WILL BE IN HOLD. 

THIS IBM JOB, WHEN EXECUTED, WILL CREATE A PUNCH FILE WHICH CONTAINS THE 
SUBJECT DRAWING DATA AND WILL PLACE THAT PUNCH FILE INTO THE OUTPUT 
QUEUE OF THE "RECEIVING" CV SYSTEM. 

Figure 10 
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6>HASP ~ 
~ 

@C~NNECT i {THIS IS A TERMINA~ COM~AND TO LIST 
I U,J=?, H=Y,N=ALL i ALL DATA SETS IN H~LD. J 
1357205 IAT8131 J =AHK8 (1641), D=MD, T= PUN, H=Y, L=641 

X,WTR,OUT=PUl,H=N,B=Ni{ COMMAND TO DELETE "LACE" CARDS. 

FU J=1641 NH=N i~ 
'f ' THIS IS A TERMINAL COMMAND TO 

CV:FILE:SPOOL.12355.U1.001 RELEASE THE PUNCH FILE FROM "HOLD." 
OPENED FOR STREAM U1 
s 

CV:U1 CLOSED 
@QUIT i 
6>COPYFIL SPOOL.121355.U1.001,CD3PRTS.KILL.HASP.DWGIB.M1.COM 

SPOOL.121355.U1 .001 
COPIED AS 

CD3PRTS.KILL.HASP.DWGIBM1.COM 

DRAWING NAME 

THE DRAWING KILL.HASP.DWGIBM1 MAY NOW BE CALLED UP IN THE NORMAL . 
MANNER: 

. 6>CADDSCLR i 
f . 

PART NAME:KILL.HASP.DWGIBM1 
ENTERING OLD PART 
REGEN NOT RESTORED 

s~ 

PRINT HASP.LOG06 

HASP.&BCD.LOG06 
3-10-81 12:42:39 

CV HASP WORKSTATION 
".FULL VERSION, REV 1.00 
• 3-10-81 12:34:04 

CV: SESSION NOT ACTIVE 
@CONNECT 
1237198 IAT7576 LINE HAS TERMINATED 

Figure 11 

1237539 IAT7575 RM4A2 STARTED ON LINE96 (085) WITH CONSOLE SUPPORT 
@OPEN R1 
CV: R1 PENDING 
1238559 IAT6306 JOB 6747 IS CR 
CV: R1 READY 
@SEND R1:0THR.KILL.HASPDEM01 
CV: R1 SENDING 
OTHA.Kl LL.HASPDEM01 
CV: R1 READY 
@CLOSE R1 
CV: R1 CLOSED 

, CALLED BY RM4A2 

1240358 IAT6201 JOB6755=RM4A2-01,01 JOBS,00019CDS,P=15 
1240368 IAT6101JOB6756 IS AHK3 , PRTY=06, CL= PRIME 
1240380 IAT7450 JOB 6755, RM4A2-01 PURGED 
1240435 4= AHK3 IEF4031 AHK3 - STARTED - TIME=12.40.43 
1240582 4= AHK3 IEF4041 AHK3 - ENDED - TIME=12.40.58 
1240599 IAT7001 JOB AHK3 (6756) IS ON WRITER RM4A2PR1 (085), 
RECORDS= 000070. 
1241000 *IAT7030 AHK3 (6756) ON RM4A2PR1 (085), SETUP F=F017006T. 
S PR1 
CV: FILE: SPOOL.101234.P1.001 

OPENED FOR STREAM P1 
CV: P1 CLOSED 
1243181 IAT 7450 JOB 6756, AHK3 PURGED 
@QUIT 
CV: SESSION TERMINATED 
CV: HOST DROPPED THE LINE 
5> Figure 12 
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Geographically separate interactive graphics (stand-alone) systems can communicate with 
a mainframe host computer and thus with each other in a network. The network provides a 
large single-source data storage and retrieval capability with mainframe capabilities: 

1. huge storage capacity 
2. data access control 
3. data product management with archival, backup, protection, and audit trail 
4. interface to major processing functions on host computer (a two-way street) 
5. message storage and routing 

CAD/CAM data is digital data created on graphics systems. In many companies, the 
graphics systems are stand-alone turnkey systems, useful for their high productivity. 

Digital data produced on stand-alone systems is subject to prolif era ti on without mercy. 
Typically the data is maintained on magnetic tapes which can easily get lost or overwritten or 
damaged. 

Even in the best of shops, redundant copies of the data are maintained on a variety of 
tapes, creating a data management problem. Access to the data is unrestricted except when 
the tapes are locked in cabinets. Meanwhile, the same data on disc is available for manipula
tion by virtually anyone. 

1. We need a safe place to keep data. 
2. We need controlled access to the data. 
3. We need control over the data by management. 

Solution: 
Tie all stand-alone graphics systems into a network which features a main-frame host to 

store and control the data. Design and implement a data storage and management system 
which is located on the host and which has the features described below. 

This retains the advantages of stand-alone systems for responsive interactive graphics pro
cessing and adds the advantages of centralized data processing for data management and in
tegration of processing functions on other computers. 
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FEATURES OF A HOST-BASED NETWORK PROCESSING SYSTEM FOR DATA 
STORAGE AND MANAGEMENT 
1. Storage of data. 

After completing work on a part file, a grapliics user specifies network storage for the 
finished part file. The data is then stored on local disc and is entered into the automated net
work processing system (NPS). Other useful information is stored in the catalog record, in
cluding: 

date and time (from host) 
userid of creator 
group code (user is member of a group) 
tool ID (to pin down graphics part file format) 
and a status code. 

The name is any valid filename on the stand-alone graphics system; the only limitation is 
60 characters maximum. Multiple versions of a file can be saved; this guarantees that a new 
copy of a file can always be saved, even though the file already exists, without overwriting the 
file. The maximum number of versions allowed per file can be set by the system manager to 
the desired value (from 1 to 99). At GD, 10 versions are allowed. 

The data is kept permanently by design of the NPS. 

2. Security. 
Each data storage or management function in the network is accomplished by a transac

tion. Every transaction requires logon to the network. This requires prior authorization of 
users by management. 

Authorization data for each user is kept in a user control record. This data includes the 
userid, password, one or more group codes, and a level code associated with each group code. 
The level code defines how the user is allowed to interact with the data, when compared with 
a table of allowed status code changes. The table consists of records; each record defines the 
allowed change of status (from, to values) for a particular level code. 

An audit trail is kept of every transaction in the system that changes any data. This audit 
trail is kept in an audit file which can be searched by system routines to determine all changes 
that have occurred to any data file. The audit trail includes installation of user control records 
by management. 

Logon to the network gathers userid, password, and group code. Anyone having the 
same group code can modify data created by another member of the group. (modify= 
DELETE, REPLACE, or RENAME) Typically all members of a group are under the direc
tion of one group leader. A member of any other group can only read-the data; data cannot 
be modified by any member who logged on with a group code that does not match that stored 
with the file. 

A user whose level code is defined as "in training" cannot modify any production data 
stored on the system. This user can store only temporary files and delete them, and can only 
read production files. 

A file can be locked so that only a particular user can unlock the file. Other members of 
the group cannot unlock the file. A safety valve exists in that the group leader is allowed to 
unlock this file. This is useful for coordination of efforts when the user cannot immediately 
consult with other members of group or with the group leader. 

3. Audit trail. 
An audit trail is kept of every transaction in the system that changes any data. This in

cludes any change to the catalog. The audit trail is kept in an audit file that can be searched 
by system routines to determine all changes to the data in or to the catalog record of any data 
file. 

Every transaction that changes a catalog record creates an audit record. If desired, other 
transactions can be allowed to create audit trail records also. The audit trail record stores the 
filename, transaction data, and user data. Since the catalog record contains counters of reads 
and writes, any read (GET) and any write (SAVE/REPLACE) creates an audit record. A 
LISTing of the catalog does not change any catalog record. 
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4. Status of the Product. 
Every shop needs control by management over the production status of its products. 

Data produced by a CAD/CAM group is either product data (salable) or non-product data 
(stays within the company; may become part of production data). NPS is designed to have the 
capability of controlling the status of a part file through a series of sequential processing 
steps. 

Each step can refer to a stage in production; a status code value is assigned to each step. 
Typical Stages of production are: 

1. engineering work (and rework) 
2. analysis of "finished" data by analysis group 
3. checking 

(how well does the data correlate with standards?) 
4. verification by configuration management 

(how well does the data coordinate with all related data?) 
5. release 

The change of status from one value to another is controlled by a combination of two 
factors: · 

1. a level code assigned the user by management 
(kept in user control record by NPS). 

2. a fable that relates user level codes to allowed changes of status code value. 

Each group code has a level code associated with it in the user control record. One can 
logon to NPS with any group code in one's own user control record. The level code is then 
taken by NPS from that user control record. 

The implementation of NPS at General Dynamics uses the stages of production sum
marized above. 

Range= 1-3: 
Engineering group performs design/drafting functions. 

Range=4-6: 
Analysis groups report all findings to engineering group leader. Group leader changes 

status when all scheduled groups approve data or require rework. 
Range= 7-9: · 

Checking function can be done by separate group or by member of the same group (who 
is assigned a group code having a level code that has the "check" value). 
Range= 10-12: 

Config management verifies conformance to overall design. 
Range= 13-15: 

Only the release group can release data. No one can unrelease data. Any change to a data 
file that has been released requires that a copy be made under a new name. The new file can 
then be revised as desired and processed through the network. 

A file can have rework status at any time, but the status code value remains in the range 
of values assigned to the group that requests rework. This means the status code will only ad
vance, never regress, from range to range. 

Note: To illustrate the use of status code values within each range, let each trio of values be represented by a,b,c in 
order of ascending value. When a member of the cognizant group sets the status code to "NC" the 
"RESULT" is achieved: 
NC .... RESULT ................................................................................. .. 
a= > data enters control of this group and is. "locked" 
b = > a member of this group has decided the data needs to be reworked; the data is considered 

"unlocked" to allow a member of the engineering group to modify data. 
c = > the data is approved by this group and is considered "locked" (cannot be modified while it retains 

this status code). 
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Weekly management reports are generated via a task schedule reporting system. The data 
records for these reports are generated by the appropriate transactions. This amounts to 
creating a card image record at completion of each transaction. Th.e resulting file of text 
records can be used as input to a reporting system to create management reports. 

Process control can be extended into manufacturing. This requires extending the table of 
allowed status code changes to include new values. The meanings of the new values are of 
course installation-dependent. 

5. Sending messages. 
A user or the system manager can send messages to a user, to a terminal, to all members 

of a group, or to all users. The message can be sent now or stored to be displayed when the 
recipient logs on. A user can identify all users now logged on. The message sub-system helps 
to control the process of changing product data. A designer can send a message late at night 
to the group leader to be displayed when group leader logs on in the morning. 

6. Data interchange in a network. 
Anyone logged on to the network has access to data stored in the network (unless the 

data is read-protected). One user can store a file, another can read it immediately upon being 
stored. This is useful in coordinating: 

large projects (inter-divisional) 
library (non-product) data (has inter-divisional support) 
other information (charts, graphs, text, statistics) 

Messages can be sent/received system-wide. 

7. Data can be categorized into types. 
1. Product data. 

All data is considered product data in NPS unless it is flagged as library data. Product 
data goes through the production control process. At GD, this data must follow the stan
dard naming convention. 

Data is saved permanently (this can be 75 years). 

2. Non-product data. 
This includes LIBRARY data and other data. 
LIBRARY data: 

- goes through a control board review process 
- requires a standard naming convention 

(determined by project management) 
- is saved permanently. 
- becomes an integral part of product data, and thus once RELEASED into the pro-

duction process can never be changed. Only a copy can be modified. 
- The library file flag is set by a user authorized to perform this function. 
- Only users authorized to modify library files can do so. 

Other data might include files such as: 
keyfiles and text files (parameter or PEP files). 
These can be considered as library data, subject to control by a library data ad

ministrator. 
These flags can be ignored if a simple file storage and retrieval system is all that is re

quired. 

8. Data maintenance. 
Data backup is a function of data management performed to guarantee that a good copy 

of the data is always available despite accidental destruction of the primary copy. Data 
backup is performed periodically using well-planned and tested procedures. 
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All data maintenance tasks should be as automated as possible to minimize by-hand pro
cessing of the necessary functions. Maintenance work is performed on the host and does not 
affect users of interactive graphics systems. · 

GD is using a highly reliable system to guarantee data integrity. The system uses both 
mass storage devices and DASD (rotating disk) to store data. The storage capacity is tens or 
hundreds of thousands of megabytes, capable of fully-automated data management. The 
system is qualified for processing classified data. 

9. Integration of processing functions. 
Large benefits accrue to full-system users. The full-system concept accepts data early in 

the design process. From then on, the data is processed (changed or read) by any group in the 
plant assigned a role in handling this data. This will all be under control of the host-based 
data management system from the moment the data is first stored on the host, and will con
trol all processing of that data through analysis functions to the end-product. 

In the fully-integrated plant, all ancillary functions are controlled through the data 
management system, including inventory control, ordering, planning for long lead-time items, 
and shipping. Engineering data is no longer hand-carried by mag tape to a computer which is 
then directed to post-process the data. 

In the full-system, data is tagged for post-processing in the system; post-processing is ac
complished by transfer of data along well-defined paths to well-controlled post-processing 
programs within the control of the full-system. Data transfer is controlled by the system, 
rather than at the mercy of hand-carrying mag tapes and paper procedures. Selected post
processing-functions can be set up to occur automatically when the status code arrives at par
ticular values. 

If required, the post-processed data can be stored back on the NPS. This data (derivative 
data) can then be linked to the originating data either by naming conventions or by fields in 
the data catalog that are reserved for such purposes. 

In effect, NPS creates a closed-shop environment for data storage and management even 
when the graphics systems are operated in an open-shop fashion. 
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AUTOMATED DESIGN/ ANALYSIS 
OF 

PRESSURE VESSELS 
USING THE COMPUTERVISION SYSTEM 

ABSTRACT 

By 
R.F. Hudale and R.K. Mysore 

Westinghouse Electric 
Monroeville Nuclear Center 

Bay 371 
Box 355 

Pittsburgh, PA 15230 
412-373-5569 : 373-4107 

This paper describes an innovative approach to pressure vessel design and analysis 
developed at Westinghouse Equipment Engineering on the Computervision system. A series of 
P .E.P. and CV-Fortran programs integrated with the CV graphics capabilities are utilized to 
carry out the CADD applications described here. 

Some of the applications that will be addressed are: 

• Equipment Design 
- Equipment Sizing 
- ASME Code Calculations - Requirements for Heads, Shell Reinforcements 
- Outline drawing generation 

• Equipment Analysis 
- Preparation of Mathematical model 

- Pipe Model 
- Axisymmetric Model 

• Communication Networks 
-CV-HASP 

EQUIPMENT DESIGN 
Equipment Sizing-One of the initial steps in pressure vessel design is to determine the 

overall size of the vessel in accordance with the functional, shipping, plant layout and other 
requirements imposed on the equipment. 
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Through the use of the CV system, software has been written and implemented to per
form the sizing operations. By inputting the functional design requirements and other limiting 
parameters, the shell diameter, cylindrical length, and suitable head types are selected-all 
through an interactive process. The software is written using CV's Parametric Element Pro
cessor (PEP) and can handle flat, hemispherical, standard and non-standard ellipsoidal and 
torispherical heads. 

A typical section of the head with crown and knuckle regions is shown in Figure 1. The 
volume of the head is the volume of the surface of revolution of knuckle and crown arcs 
about the vertical axis. The volume of the knuckle portion is computed from 

where 
H1 = Height of knuckle portion of head 
R = X - coordinate of the locus of knuckle curve 
R2 = Radius of the knuckle curve 

The volume of the crown portion is computed from 

V c = 1l"H22 (3 R3 - H2) 
3 

where 
H2 = Height of crown portion of head 
R3 = Radius at the crown of head 

MECHANICAL DESIGN 
In order to establish the structural integrity of the pressure vessels for the internal and ex

ternal pressure, temperatures, static or dynamic loads, the criteria of the ASME Code for 
pressure vessels (Sections III & VIII) most frequently serve as a guide. 

Several questions need to be answered: <?· 

Are the nozzle openings in the vessel adequately reinforced? 
Are the attachment welds between the nozzle and vessel properly sized? 
Are the reinforcements adequate (in contour, etc.) to avoid areas of excessive stress 
concentration? 

For this purpose, software has been introduced on the CV system to provide the ASME 
Code calculations. Included in the output are such data as required thicknesses of the vessel 
shell, heads, nozzles, and the reinforcement requirements for nozzle openings. Typical rein
forcement details plotted by the software are shown in Figure 2. 

OUTLINE DRAWING 
Using the. CV graphics capabilities and the data stored as a result of the previous soft

ware routines, an outline drawing of the pressure vessel is generated and displayed. The draw
ing provides the details of overall dimensions, nozzle attachments and the interface between 
equipment supports and support foundation including baseplate dimensions and anchor bolts. 

In this graphical representation of the vessel, the determination of the nozzle locations on 
the various types of heads is of interest. Nozzles can be positioned vertically or perpendicular 
to the head by specifying the coordinates of the center of nozzle and the diameter of nozzle. 
The outline drawing used for plant layout is typified in Figure 3. 
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EQUIPMENT ANALYSIS 
Mathematical Model-From the equipment design (outline drawing) a detailed finite ele

ment model can be created and displayed. The model, cantilever pipe or axisymmetric, can be 
used for dynamic and static analysis. By inputting the number of elements in the heads, sup
port region, and shell, the PEP program automatically determines the distribution of nodes 
and element pattern as shown in Figures 4 and 5. 

The program also translates the node and element definition to that required by a large 
finite element computer code, WECAN (Westinghouse Electric Computer Analysis Program). 
Along with the node and element description, the complete input data file is generated by 
responding to questions asked by the program regarding: 

Shock Spectrum 
Element Type 
Material Properties 
Coupled Nodes 
Nodal Forces 
Pressure Loads 
Boundary Conditions 

All this information is written on a data file in the appropriate WECAN-specified 
format. 

With the addition of the required Job Control Language (JCL) the data generated can be 
transferred from the CV minicomputer to a large mainframe (CDC computer) for execution. 
This transfer will be discussed further in the next section. 

COMMUNICATION NETWORKS 
The link between the CV (CADD) minicomputer and mainframe that has beP.n used suc

cessfully to transfer data is CV-HASP. CV-HASP is a synchronous communications software 
package that allows the CV work station to operate as a terminal to a host mainframe. This 
integration of computer systems is depicted in Figure 6. 

The particular application that we have implemented is the transfer of the WECAN input 
data g~nerated on the CV system to the CDC 7600 for execution. Through the use of the ap
propifate HASP commands the input file along with necessary JCL created on the CV is sent 
to the host mainframe. After execution the output can be viewed on the CV screen or printed. 

CONCLUSIONS 
The application of the CV system for pressure vessel sizing, designing, outline drawing, 

mathematical modeling and transmitting the data base to mainframe computer for finite ele
ment analysis has resulted in significant engineering productivity improvement. Additional 
benefits are gained through minimized human errors due to the use of a common data base 
and faster turn-around. 
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1.0 INTRODUCTION 

PIPING DESIGN SYSTEM 

Dave Wilkinson 
H.A. Simons International Ltd. 

425 Carroll Street 
Vancouver, B.C. 
Canada V6B 2J6 

604-664-4315 

There are several 'Piping Design Packages' available on the Engineering Software Market 
today .. Many of these packages involve complex design of a Piping Model including such op
tions as pipe stress analysis, pipe sizing, and automatic pipe routing. At Simons, most of this 
work is done using manual procedures where the final product is a physical piping model. We 
undertake about 3 major projects a year, as well as several smaller projects. Major projects 
usually involve over 2000 piping isometrics, so a yearly throughput of over 6000 isos is not 
unlikely. These. drawings will vary in size and complexity from large pumping systems to sim
ple spooling diagrams. 

Our objective in designing a 'Piping System' was to develop an automated procedure for 
converting the physical piping model into isometric drawings in a simple, fast, and economical 
manner. The basic development specifications for the system were the following: 

1. The final output of the system must be a proper·engineering document. The artwork 
must be acceptable to our client and be equal or superior to those drawings turned out 
manually by a draftsperson. 

2. The system must be able to use a variety of standard component specification files. It 
must be able to handle both imperial and metric measurements. 

3. The input of data must be oriented to the designer and draftsperson with little or no 
background in computers. The method of input must be logical and 'user friendly.' 

4. The computing resources available are a Computervision COP 200 graphics system 
and a DEC VAX 111780 minicomputer. 

2.0 SYSTEM DESCRIPTION 
It was decided to use the DEC VAX system to do most of the 'bullwork' computing for 

this system. A set of eight programs were written to perform such tasks as data input, .data 
file manipulation, conversion of data into graphics commands, creation of a Bill of Materials, 
and report generation. 

PISO contains the following useful features: 

1. Simplistic and logical method of data entry, for use by anyone who can read a piping 
model or a sketch from a designer. 
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2. Access to any Pipe Specification files which can be entered onto the VAX computer. 
3. Creation of a Bill of Materials containing selected or all data regarding the piping 

system in a variety of formats using DEC's DATATRIEVE software package. 
4. Automatic insertion of a drawing border containing drawing text which is entered 

, before the user begins to 'draw' the isometric on the computer. 
5. Ability to easily revise the drawing. 
6. Automatic scaling of the drawing for readability. 
7. Ability to easily transmit the drawing to other main frame or minicomputers which are 

foreign to DEC equipment. 

Output from the VAX is a text file of CV graphics commands which is transferred to an 
execute file on the CV system. When the text file is executed, a drawing is produced which 
can be edited, plotted, or filed for later revision. 

2.1 DATA ENTRY 
The isometric data is entered into the system from the model or sketch using a program 

called PINPUT. A form is displayed on the screen and the user enters each component of the 
isometric by 'filling out' the form. Components are entered in a logical order which is deter
mined by the user before activating the PINPUT. The user will enter the component name, 
size and location relative to the previous component. Drawing border text can be entered by 
activating a module within the input program. A component file is created by PINPUT and 
can be edited from within the program or by using a separate program called PEDIT. 

The system allows for the user to enter the drawing in more than one sitting if the need 
arises. When one returns to complete the drawing, the model is automatically 'rebuilt' to the 
point where it was previously left off. 

2.2 DRAWING CONVERSION 
Two programs, DRAW and DUMPISO convert the drawing from a component file to an 

execute file of CV text commands. 
DRAW performs two main functions. First, the coordinates of the components are con

verted from real space to drawing space. A de-scaling routine converts the distance between 
components into a more readable form, making especially long pipe lengths shorter, and vice 
versa. Secondly, pipelines are inserted into a model connecting the components. 

DUMPISO takes the output data from DRAW and inserts it into CV text commands. 
Dimension insertion commands are generated by pipeline records. Commands to insert the 
drawing border and rotate the drawing are also generated by this progam. 

2.3 REPORT PROGRAMS 
Presently, all reports produced using the drawing data are generated using BASIC pro

grams which are written only for the creation of specific reports. This method will soon be 
replaced by DATATRIEVE which is DEC's query language. If the user is familiar with the 
simple commands of this language, reports can be easily generated containing any items of 
data, sorted in any order. 

2.4 EDITING THE DRAWING 
PISO is not an intelligent drawing package, therefore there is the possibility of com

ponents being placed on top of each other, or dimensions. being inserted in unrealistic posi
tions. An operator should be available to touch up the drawing before it is filed or plotted. 

When the drawing originally appears on the screen, the isometric and the border appear 
in 3D space. By putting the border in a separate port and flipping it to 2D, the operator can 
manipulate the isometric into the border. We intend to put a restriction of 20 percent on any 
zooming of the isometric so that there will be a fair degree of consistency in component size 
and dimension height among the drawings. User will take care of any 'touch up' work 
manually at the CV workstation. 
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Revisions should be done by entering changes into the edit program (PEDIT), thereby 
updating the component file. However, it may be easier to make small changes to the drawing 
at the graphics workstation and enter a group of them into the VAX at a later date. 

3.0 DEVELOPMENTS 
PISO is still in the development stages but is now at the point where it could be used in a 

production mode. Development work is scheduled to continue for another six months with 
on-going maintenance. Two major developments will soon be implemented into the system. 
They are: 

1. Automatic scaling of the drawing to fit onto the drawing border, while not de-scaling 
the components. This may require more than one pass through the "DRAW" pro
gram on the VAX to obtain the optimum scaling factor. This will provide a consistent 
component size throughout all the drawings. 

2. A module is being added to input the data through a Tektronix CRT using a split 
screen. When the user enters the drawing, a 'wire diagram' representation will appear 
on the other half of the screen. This will eliminate the problem of 'blind drafting' and 
therefore reduce the amount of touch-up work to be done on the CV system. 

The PISO system will be implemented on a small project in mid-1981 for final testing and 
proving for production. Development and improvement will continue with the addition of 
Manhours·and Material Cost Report Modules being added to the set of programs. 

PISO is seen as adding a powerful production feature to our in-house CADD ability. 
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PIPING ISOMETRIC DATA SHEET 

BRANCH NUMBER: COMPONENT NUMBER: 

COMPONENT NAME: TYPE ( c I BI or E) : 

DEFAULT PIPE DIAMETER: NEW PIPE: 
1----------------·-····-··--·------· 

FIRST DIRECTION: 

SECOND DIRECTION: 
-··---

THIRD DIRECTION: 
- ----

(Workarea) 

PISO Data Entry Screen Format 
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PLANT AND FACILITIES LAYOUT 
USING INTERACTIVE COMPUTER GRAPHICS 

ABSTRACT 

By 
Gary L. Kahler 
Harvey J. Marx 

Western Electric Co. 
Omaha Works Dept 735 

P.O. Box 14000 
Omaha, NE 6814 

402-691-3 808 
402-691-3806 

Plant and facilities layout using interactive computer graphics is a means of generating 
plant drawings using the speed, accuracy and power of a computer. This report describes the 
approach taken in its design and the structure imposed during its development to insure high 
quality, accurate, plant drawings. 

INTRODUCTION 
Plant and Facilities Layout play a major role in Interactive Computer Graphics at the 

Omaha Works of Western Electric Company. A well defined plan was developed to incor
porate the existing Floor, Power and Service Layouts into an accurate, up-to-date graphics 
database. This plan was incorporated into a standard procedure at the Omaha Works and is 
proposed for other Western Electric locations with similar graphics equipment. 

The plant, which consists of three major buildings, (two Shop and one Administration) 
was divided into equal parts with a suitable size for plotting and maintaining the database. 
Each part contains approximately 12,500 square feet of floor sp;:ice. The graphic data for each 
part of the sub-divided plant consists of a Floor Layout, a Power Layout and a Service 
Layout, stored as a single file in the graphics database. 

The single file concept saves time and disk space by creating single entities or inserting 
symbols from a parts library that may appear on any or all of three layouts. This eliminates 
redundancy and can be accomplished by special layering techniques. 

An accurate, up-to-date database of the entire Plant is a primary goal. This will provide 
shop personnel, contractors and engineers with reliable, scaled drawings that can be easily 
modified. 

Design alternatives are an important aspect of computer generated layouts. Ultimate 
design of plant facilities often requires several alternative approaches before a final version is 
approved. This design function can save considerable lead time for new, important projects. 
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GENERAL PROCEDURE 
The main buildings of the Omaha Works are identified by number, such as Building 30. 

For multi-level buildings, the floor number follows the building number and is separated by a 
dash. Each building is divided into several rectangular subdivisions called parts which are se
quentially numbered, beginning with (1) one. These parts are further divided into halves and 
given a suffix indicating either North, South, East or West half. An example is shown as 
"30.llW" which indicates Building 30, part 11 West. 

Drawing forms are stored as a library part and consist of a border, title block, issue col
umn and location key plan. General information contained in the title block is the company 
name and location, scale of drawing, building number, part number and. the initials of the 
creator, checker and approvals. (See Appendix, Fig. 1). The issue column briefly describes 
changes to the layout. All prior revisions are retained for archival purposes. The location key 
plan shows the relative location of a part or half-part with reference to the building as a 
whole. Exact location is found by use of the column line nomenclature shown on two sides of 
the key plan. Crosshatching of the subject part or half-part gives a quick, visual reference to 
its location. (See Appendix Fig. 2, 3 & 4). 

Information common to all three layouts includes a north arrow, building columns, 
match lines, peripheral aisle markings, dimensions pertaining to aisle and column centerlines 
and all restrooms. The north arrow is shown in Appendix, Fig. 5 and is located above the 
location key plan. When a part is rotated within the drawing form, a second north arrow is 
placed in the field of the drawing to indicate correct north orientation. 

Building columns are drawn as three-line figures which represent the web and both 
flanges. They are drawn to scale of outside dimensions, grouped as one entity in the drawing 
and placed on a single specified layer. 

FLOOR LAYOUTS 
Plan view outlines of all equipment and facilities, including bench mounted capital equip

ment, are shown on the floor layout. Specific information about each different equipment 
item is specified in a callout and contains the following: 

a) Name of equipment or facility. 
b) Identification number. 
c) Reference marks showing surfaces to be used for locating equipment at installation. (if 

applicable) 
d) Drawing numbers of applicable installation drawings. 
e) Operators normal work position. 

Standard floor layout symbols are used to specify repetitive items such as partitions, 
channel guards, piperails, fire extinguishers, eye wash stations, water fountains, etc. These 
symbols are created and stored in a parts library. 

POWER LAYOUTS 
Only equipment and facilities requiring electrical services are shown on the power layout. 

The plan view outline of these items is shown with a callout which contains the following in
formation: 

a) Name of equipment or facility. 
b) Identification number. 
c) Drawing number of applicable installation drawings. 

Electrical plug-in distribution bus ducts are shown on power layouts and are labeled as 
such. Power supply runs are shown from the electrical plug-in bus ducts to the point of ser
vice. This includes overhead and in-floor power runs. 
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These runs are also shown from the electrical circuit breaker panels to the point of use. 
Information contained in a callout for each power run are: 

a) Square duct or conduit size 
b) Number of wires 
c) Gage of wires 

Plan views of electrically serviced equipment and facilities show main components, such 
as control cabinets, main disconnect switches, motors, starters, heating elements, transform
ers, receptacles, etc. Wall or column mounted distribution panels show incoming service, ser
vice runs from point of distribution to point of use and a description of the distribution 
panel. Standard power symbols are used and stored in a parts library. 

SERVICE LAYOUTS 
Only the plan view of equipment and facilities requiring mechanical services are shown on 

the service layout. Associated with this equipment is a callout which contains the following: 

a) Name of equipment or facility 
b) Identification number 
c) Drawing number of applicable installation drawings. 

Service loops and supply piping runs from the service loop are shown, along with the 
service drops to the equipment. Information about these runs are shown in a callout and 
include: 

a) Pipe sizes 
b) Drop sizes 
e) Elevations of horizontal runs 
d) Pitch of runs, if applicable 

Return and drain piping from the equipment or facility to the return loop is shown along 
with the same callouts. Standard symbols for piping items are created and stored in a parts 
library. 

GRAPHIC REPRESENTATION 
Graphic representation of the individual layouts within a single file are determined by 

layering procedures. Line weights and plots of specific layouts are also determined by layer
ing. Floor layouts, power layouts and service layouts occupy specific layers as described below 
and shown in chart form in Appendix Fig. 6 & 7. The following describe and specify layout 
layering and plotting procedures: 

Layers I 0 through 19 are reserved for entities which appear on floor layouts only. Equip
ment and facilities that do not have electrical or mechanical service requirements are shown 
on Layer 12 and plotted with a medium line weight pen. Fine lines and dashed lines are on 
Layer 11. 

Layers 9 through 49 are reserved for entities which appear on all three types of layouts. 
Equipment and facilities that require both mechanical and electrical services are shown on 
Layer 42, and plotted with medium line weight. Fine lines and dashed lines are on Layer 41. 

Layers 50 through 59 are reserved for entities which appear on floor layouts and power 
layouts but not service layouts. Equipment and facilities requiring electrical services only are 
shown on Layer 52 and plotted witb medium line weight. Fine lines and dashed lines are on 
Layer 51. 

Layers 60 through 69 are reserved ·for entities which appear on floor layouts and service 
layouts, but not power layouts. Equipment and facilities requiring mechanical services only 
are shown on Layer 62 and plotted with medium line weight. Fine lines and dashed lines are 
on Layer 61. 
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Text associated with entities on Layers 10 through 18 is placed on Layer 19. 
Text associated with entities on Layers 40 through 48 is placed on Layer 49. 
Text associated with entities on Layers 50 through 58 is placed on Layer 59. 
Text associated with entities on Layers 60 through 68 is placed on Layer 69. 
When possible, text parameters are Font 1, Height· .1 and width deferred. 

PLANT LAYOUT FILE STRUCTURE 
Each plant layout file on the Interactive Graphics System contains the data required to 

produce a Floor Layout, Power Layout and Service Layout for a single building part or half 
part. The plant layout file name consists of the building number, part or half part number 
and the issue numbers for the floor layout, power layout and service layout drawings. The 
files are stored in catalog form with each of the aforementioned items being treated as a sub
catalog. See Appendix, Fig. 8. 

Off-line storage of plant layout files are stored on magnetic tapes. These tapes are labeled 
with an identification number followed by a dash and then a reel number. Individual files of a 
plant layout are located by ref erring to a drawing cross reference card which identifies the 
magnetic tape, the reel number ang the relative file location on the reel. See Appendix, Fig. 9. 

RESULTS 
In final analysis, plant and facilities layout can be made easier, faster and more efficient

ly, using Interactive Computer Graphics. Many tangible and intangible benefits are the result 
of a well developed ·program. An accurate up-to-date set of plant and facility drawings save 
time and effort in plant rearrangement or incorporation of new products, at a time when 
short lead times are critical. 

At Omaha, revisions, additions or complete renovation to a manufacturing or office area 
may be made by accessing only one database file. Changes made to any one of the three 
layouts in this file allow revising the remaining two layouts with minimum effort. Revisions 
may then be visually checked and cross-referenced from one layout to another to insure ac
curacy and completeness. This concept minimizes the time and effort required to generate new 
drawings. 

Storage mediums are kept to a minimum with all data· stored on, and retrieved from, 
magnetic tape. Fast accurate, plots and checkprints are made possible with the use of an 
electro-static dot matrix printer. Dot plots are used for final drawings and reproduction 
masters. 

In summation; plant and facilities layouts, using Interactive Computer Graphics at the 
Omaha Works, has been a viable and justifiable process. 
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BUILDING LAYOUT LAYERING PROCEDURES AND 
ASSOCIATED PLOTTING LINE WEIGHTS 

Figure 6 (continued) 
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---------
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Figure 6 (continued) 
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THE PECULIARITIES AND POSSIBILITIES 
OF CAD IN SMALL ARCHITECTURAL FIRMS 

ABSTRACT 

Peter Selby 
Computervision Corporation 

1040 Uxbridge Road 
Hayes, Middlesex, England 

1-561-2626 

., The impact of CAD on two modestly-sized European firms of architects and engineers 
points the way to a promising market for smaller CV systems, such as the two-terminal 
Designer M. While the architectural field may never seriously challenge the giants of PC and 
MD, it certainly deserves some attention to its peculiarities and possibilities. 

Already a Designer Vis well established at Van Kerckhove, a Belgian firm of some 30 
employees specializi:qg in factories, schools, and hospitals. In the Netherlands, a Designer IV 
has been installed by Haskoning, whose staff of several hundred are involved primarily in 
large government contracts and planning projects. 

This paper reflects to some degree the ideas exchanged, and the cooperative relationship 
existing between Computervision and these two pilot customers. Our objective is to clarify: 1) 
what CAD requirements are peculiar to architects, 2) how a firm's productivity can be in
creased by CAD, and 3) what implications all this might have in the design of interfaces and 
databases. 

There are, I think, three principal areas in which CAD can help the architect: production 
information, design evaluation, and cost control. 

PRODUCTION INFORMATION 
Obviously, there is a need for good communication between designer and fabricator in 

architecture as well as in other industries. This demands correct and comprehensive descrip
tions of the proposed building - traditionally in the form of working and detail drawings, 
and specifications of required materials and workmanship. 

Initially, CAD provides the architect with automated drawing capabilities, as well as the 
ability to create standard libraries of components and constructional details. Included in the 
libraries might be standard ranges of windows, doors or sanitary fittings, or generic classes of 
components such as structural steel sections or wall construction types. These standard library 
components would be parameterized on insertion into the building model. Clearly, CAD can 
assist the architect in creating correct .and comprehensive working and detail drawings. 

A further enticing prospect is the possibility of better co-ordination of production infor
mation. Today, architects work with increasingly complex building types. Often the design 
process is a multi-disciplinary affair, involving teams of professionals· with diverse engineering 
specialties. It is vitally important to coordinate the various disciplines in order to eliminate 
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costly conflicts and ensure that any change made to one facet of the design is reflected in, and 
accounted for, in all other affected areas of the project. CAD's single-source database - a 
unique mastercopy of the building - ensures that change is consistent throughout all draw
ings and documentation. 

DESIGN EVALUATION 
This process involves asking the CAD system to predict how a given design is likely to 

perform after it becomes a completed building. Design evaluation can be enhanced by CAD
generated interior or exterior perspectives, with or without hidden line removal, and en
vironmental simulation . .In real time, the system can graphically display and mathematically 
analyze the effect of daylighting factors, heat loss and solar gain, and sunpatch distribution, 
even predicting the fall of sunlight through windows onto interior surfaces. 

CAD can also analyze value factors much harder to visualize and quantify - for exam
ple, the circulation of people and the building population. 

COST CONTROL 
This is closely allied to production information and design evaluation, previously dis

cussed. For one thing, cost control relates to the total building design process. It can be con
sidred part of design evaluation since at the early design stage, CAD techniques can be used 
to roughly estimate the cost, as well as the ultimate value, of a commercial building - for in
stance, in terms of rental area. 

Cost control also involves production information since bills of materials can be used as a 
basis for very accurate and detailed forecasting. In cost control, CAD makes its greatest con
tribution in the measurement of the building fabric. Done manually, even with calculators, 
this could be an error-prone and time-consuming process. In contrast, this trivial and repet-. 
itive procedure is ideally suited to a CAD system, which stores all the correct information re
quired within the building model. 

An exterior perspective of a health centre with hidden lines removed 
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A vertical perspective of a room showing the patches of sunlight from the windows at a 
specified time and place 

OVERVIEW OF THE BUILDING PROCESS 
., Let us take an overview of the building process and see how it can be radically changed 
by CAD techniques. The task of designing a building can be broken down into four sepa
rately identifiable parts: 1) sketch design, 2) detailed design, 3) production information, and 
4) on-site supervision. 

Traditionally, the major portion of manpower on a project is allocated to the production 
information stage. Technicians and draftsmen must generate voluminous production informa
tion to meet contractual schedules. This produces a pronounced peaking of the manpower 
curve, as shown in Graph 1. At Van Kerckhove, the manpower ratio between the design stage 
and the production information stage is always at least two to one. 

Yet the most important design decisions are made much earlier, during sketch design and, 
to a lesser extent, during detailed design. This is when strategic decisions are made about 
overall building form, siting, and orientation - decisions with far-reaching cost implications. 

On the other hand, the production information stage involves decisions of a much more 
tactieal, small-scale and local nature - for example, the selection of finishes or the choice of 
staircase balustrading. On Graph 2, notice that the decision curve and the manpower curve 
are way out of sync. In fact, there is almost an inverse correspondence between decision level 
and allocated manpower. 

THE IMP ACT OF CAD 
When CAD is introduced at the production information stage, it dramatically flattens the 

manpower curve, as shown in Graph 3. Even if CAD is used at this stage only, the results can 
be significant. A company can complete projects more quickly with less manpower, and more 
smoothly manage the on-site stage through better co-ordinated information. The resultant 
productivity increases can yield substantial financial gains to the CAD user. 

What's more, the company can now re-allocate manpower from the production stage 
back to the critical decision-making stages. Many more design alternatives can be researched 
than before, enabling architects to base strategic decisions on much improved design perfor
mance information. Thus buildings of substantially better value-for-the money can be pro
duced. 
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Graph 4 illustrates the close match that now exists between the manpower resource curve 
and the decision curve. CAD has fundamentally shifted the resource allocation within a design 
project and, incidentally, has produced a much more highly motivated staff. 

Bear in mind that all this has been achieved by simply applying CAD to the production 
stage. If we also use CAD for design evaluation and cost forecasting purposes at the early 
design stages, building quality and performance can improve significantly. It becomes possible 
to evaluate an even wider range of design alternatives, as well as to ask - and answer -
questions about the design which previously were not even feasible to raise. The advanced 
computer graphics such as CADDS4 can provide ensures that clients of an architect can be 
much better informed about what they are getting, and be able to participate in early decision 
making about the building. 
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IMPLICATIONS ON DATABASE DESIGN 
Finally, let us consider what implications the foregoing discussions have on the design of 

interfaces and databases. The special needs and problems of architects must be understood by 
CAD software designers. Typically, architects are more likely to think in purely graphic terms, 
and are less accustomed to communicating in mathematical languages than their MD counter
parts. Architects have a keen awareness of 3D form, but are more apt to conceptualize new 
graphic images with reference to other graphic images rather than, say, coordinate systems 
with certain angular rotations. 

To generate more than straightforward production drawings or simple graphic representa
tions of components, an architectural database will probably need much more relational, 
associative data than is usually the case. This is certainly true if the architect must obtain 
complex area or volumetric measurements of the building fabric for cost control purposes, or 
for design evaluations of rooms and spaces within the building. 

Analyses like these require a building model that contains intelligent descriptions of com
plex polyhedra - not just where entities are located in space, but also what they are logically 
connected to, and what their neighbors are. Quite possibly some of the work in CV's mapping 
and piping packages can serve as a basis for developing a more intelligent and useful architec
tural database. 

Perhaps the most difficult problem of all will lie in the mode of connecting a suitable in
terface to the intelligent database. How will the required associative data be captured? How 
will solid models be derived? and interpreted from user input? This phase in the creation of 
an architectural applications package will surely require the most intense research. 

CONCLUSIONS 
Clearly, architectural productivity can be significantly enhanced by the application of 

CAD techniques. Obviously, the size of the system selected by an architectural firm will be 
heavily influenced by the firm's own size. Most such firms, in Europe at least, are modest in 
size, and likely to find a two-task system their reasonable limitation. Hence Designer M 
should prove a cost-effective investment in a majority of cases. 
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INITIAL GRAPHICS EXCHANGE SPECIFICATION 
(IGES): A PERSPECTIVE 

ABSTRACT 

Albert J. Gibbons 
Senior Engineer 

Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 

At Westinghouse a translation was written to convert files of Computervision (CV) 
"'~ CADDS3 part geometry into Initial Graphics Exchange Specification (IGES) output files. The 

'~ first phase of the translation, written in early 1981, converts a subset of CADDS3 data in
cluding points, lines, circular arcs, and conic arcs. Two of the translator objectives are fast 
translation and easy portability to other computer systems. Implementation of the translator 
atttl service on three of the IGES committees has provided the opportunity to observe and 
evaluate IGES and its usefulness to Westinghouse (and other companies) on a long range 
basis. 

:1NTRODUCTION 
Westinghouse is diverse in activity and geographic location, as well as large in size with a 

multitude and variety of functional resources. Many computer aided design and drafting 
(CAD) systems, and an amount of equipment for computer aided manufacturing (CAM). sup
plied by an assortment of vendors, are used at plant sites throughout the country. These CAD 
systems are important both in designing new products and equipment and in modifications to 
existing designs. Several corporate data centers. with powerful hardware and sophisticated 
software, have been established to assist in the interpretation and analysis of the vast data 
generated by routine business and engineering activity including the structural analysis of new 
or modified equipment designs. Product definition data often must be transmitted from one 
location to another for purposes of manufacturing. subsequent design steps, analysis, or long 
term storage. Because of growth in the amount of accumulated information, establishment of 
additional Westinghouse locations. and installation of additional CAD/CAM systems. greater 
accessibility and portability of the available information will be the key to generation of im
proved products and methods at reduced costs. 

For Westinghouse the three major reasons for transferring product definition data are: 
(1) to serve as input to the Westinghouse structural analysis system, (2) to allow exchange of 
information within Westinghouse (or to and from Westinghouse suppliers and customers), and 
(3) to provide long term recoverable storage of the data in a neutral database (independent of 
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any specific vendor). Input to the Westinghouse structural analysis system requires neither an
notation (dimensioning and notes) nor precise geometry. For example, several circular arc 
segments could be used to approximate an ellipse or a spline without introducing significant 
errors. When information is transferred to another location for use there or for long term (ar
chival) storage, however, accuracy and completeness are essential to preserve the original 
design intent and to facilitate duplication of the part or creation of other adjacent parts. 
Because of retention requirements, which may be as long as 50 to 100 years, the use of an in
dependent, neutral, standard form for representing the data is important. 

HISTORY OF IGES 
To date, there is only one neutral database specification for the representation of product 

definition data, the Initial Graphics Exchange Specification (IGES). The need for a standard 
for communication of drawing and geometry information between CAD/CAM systems sur
faced in September of 1979 at a meeting of the Department of Defense (DOD) Manufacturing 
Technology Advisory Group (MT AG). Because of the conversions required, communication 
and interpretation of geometric data between turnkey systems and between suppliers and 
customers utilizing different graphics software and databases involved substantial cost and loss 
of time. Therefore, the CAD/CAM Interaction committee (of MTAG) requested immediate 
action by DOD. A draft document was targeted for the beginning of 1980. 

The IGES report (Version 1.0) was completed and made available on January 30, 1980. 
By May of 1980 the National Bureau of Standards (NBS) had received over 500 requests for 
the IGES report. The goals for IGES as stated in the report were: "(1) to produce a format 
that would permit the communication of basic geometry, drafting, and structural entities, (2) 
to produce an open end format, to facilitate the communication of new material defined after 
the IGES was published, (3) to minimize, where possible, the burdens imposed on pre- and 
post-processors by the IGES, and (4) to gather as much input from the interested community 
as possible." 

IGES is a project of the Air Force Integrated Computer-Aided Manufacturing (ICAM) 
Program. Funding comes from the Air Force, Army, Navy, and the National Aeronauti~s and 
Space Administration (NASA). The National Bureau of Standards (NBS) is the administrative 
agency for the IGES program. Over 42 companies are involved in the IGES effort with one or 
more members on various IGES committees. Employee time' and travel expenses for IGES 
participation are provided without cost by the companies. Two major committees were 
formed, the working committee providing technical guidance and the steering committee for 
guidance on management decisions. Two subordinated committees are Extensions and Repairs 
(E&R), to maintain the technical intensity of the IGES document, and Test, Evaluate, and 
Support (TE&S), to coordinate implementations of IGES, prepare test cases for translators, 
and catalog recommended practices as a means for maximizing compatibility among the 
various translators which are produced. The February, 1981, E & R committee meeting 
brought 24 people from 20 companies plus 2 from NBS, while the TE & S meeting that 
followed had 15 people from 14 companies plus the 2 from NBS. The May meetings were 
similarly attended. The involvement by these companies is an indication of their commitment 
to IGES. 

Over the last two years IGES has progressed through the various preliminary and public 
review stages to the final draft of Version 1. The American National Standards Institute 
(ANSI), through its subcommittee Yl4.26 (Computer Aided Preparation of Product Defini
tion Data), has been following the development of IGES and providing many helpful sugges
tions. On May 1, 1980, the subcommittee voted to issue IGES as the first three parts of a five 
part proposed standard. IGES meetings in February of 1981 produced revisions and clarifica
tions in response to the ANSI review during late 1980. Further polishing of the document was 
the result of IGES meetings in May of 1981 with the final draft of Version 1 published by 
NBS in June. ANSI approved the draft of the proposed standard in July and submitted the 
document for printing. The completed national standard should be available before the end of 
1981, possibly as early as October. 
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Adoption of the national standard is likely to propagate increasing contractual re
quirements for the use of the standard for documentation purposes. Even where not designat
ed in a contract, the standard will be used as a convenience for transfer of information be
tween the parties. The vendors of CAD systems, in anticipation of customer demand, have 
been implementing translators in both directions (pre- and post-processors) between the native 
databases and IGES. 

WHAT IGES IS, AND IS NOT 
IGES is meant to be used for the exchange of data between CAD/CAM systems and for 

the archiving of data from a CAD/CAM system. IGES was designed with knowledge of the 
technical aspects of several CAD/CAM systems. Therefore, translations between vendor 
systems, while not necessarily one for one, should be possible. The committees working on 
IGES were presented with a variety of data exchange formats, including those of the Boeing 
CAD/CAM Integrated Information Network and the General Electric Neutral Data Base. 
IGES, as a set of geometrical, drafting, structural, and other entities, has the ability to repre
sent most of the information in CAD/CAM systems. Furthermore, IGES can be extended 
through the use of the mechanisms provided, including user-defined entities. 

IGES is not designed to reflect the technical aspects of any one of the available CAD/CAM 
systems, nor does it copy exactly any of the exchange formats given to the committee. IGES is 
neither a perfect nor a complete specification for all data in all CAD/CAM systems. While 
newer, more complete versions of the specification will be developed in the future, transla
tions to and from IGES under the current version may result in some loss of information. 

HISTORY OF THE TRANSLATOR PROJECT 
A PRIME computer system, located at the Westinghouse Power Systems Computer 

Cent,er (PSCC), is used for mesh generation, hidden line removai, and other functions as 
preparation for data input to the subsequent analysis stages. To use the PRIME, however, it 
was necessary to provide the part geometry information. Direct (electronic) transfer of the in
formation from the Computervision (CV) system would eliminate duplication of data entry to 
the tw<>itSystems. 

In mid-1980 it was decided that a Computervision (CV) CADDS3 to IGES translator 
should be produced to operate on the Control Data Corporation (CDC) system at PSCC. 
There has been some concern that the operation of a translator on a CAD system used for 
production drafting would have an undesirable impact on production. Furthermore, to cen
tralize translations at one location seems preferable to providing a translator at each of the 
potential sites. The CDC system at PSCC is a good choice as host for the translator because it 
also is the host for the Westinghouse structural analysis software. 

The Westinghouse division requesting the translator was primarily interested in the 
transfer of information to the structural analysis system. Westinghouse Electric Computer 
Analysis (WECAN) has substantial capabilities including (1) linear and nonlinear elastic 
analysis, (2) plasticity and creep analysis, (3) steady-state and transient heat conduction, (4) 
mode and frequency calculations, (5) seismic response spectrum analysis, (6) harmonic, linear, 
and nonlinear dynamic response, (7) modal superposition time history, (8) substructuring 
capabilities, (9) generalized linear constraints, and (10) wave front equation solvers. 

Design effort for the translator occurred during the third and fourth quarters of 1980. 
Implementation (writing and testing of the software) began in January of 1981. Translator 
phase one (points, lines, circular arcs, and conic arcs) was demonstrated for a sample part file 
in early May. Possible extensions, such as annotation, are under consideration. 

TRANSLATOR IMPLEMENTATION 
The group within Westinghouse respcmsible for the translator implementation is the 

Engineering Systems department of the Corporate Systems Integration Division, a part of the 
Westinghouse Productivity Center. Engineering Systems provides expertise and consulting in 
computer aided engineering (CAB) hardware/software, applications, operations, and training. 
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The translator was written in FORTRAN with special emphasis on modularization. Por
tions of the software which have knowledge of the details of the CADDS3 database or of the 
number system used in the CDC equipment are isolated from the more general purpose 
routines which produce the IGES output to allow for easy modification in support of a dif
ferent data input or a different translator host. 

Differences in terminology between CV and IGES, sometimes only to enforce IGES 
neutrality, often tended to obscure the relationship between input and output information. 
Moreover, architectural differences between the computers (e.g. 16 bit versus 60 bit word 
length, one's complement versus two's complement representation of numbers, radically dif
ferent floating point representation, and 8 bit ASCII characters versus 6 bit display codes) 
added to the challenge of deciphering the CADDS3 database. Because 60 is not evenly divisi
ble by 8 or 16, many routines were written to compensate for the uneven data manipulation. 

The mechanism for extracting information from the input part file was determined by 
careful study of the CADDS3 database reference manual and an octal dump of the part file 
of a sample part. The two parts of the output file which should be generated simultaneously 
(the Directory Entry section and the Parameter Data section) are written into parallel output 

· file structures and subsequently merged as part of the final step. Information which must be 
supplied by the translator user is obtained interactively. 

LIMITATIONS IN DATA TRANSFER 
As a neutral database IGES exhibits differences from any vendor database. For example, 

a circular arc is represented in IGES by specifying the XYZ coordinates of the center and the 
XYZ coordinates of the end points. Some vendor systems specify the XYZ coordinates of the 
center, the length of the radius, and angles which define the end points. In IGES, an ellipse is 
represented by specifying the six coefficients of the general equation for a conic arc plus a 
number which indicates the type of the conic arc. Some CAD systems specify the lengths of 
the major and minor axes, the angle of rotation of the ellipse in the plane, and the type of the 
conic arc. Although the representations may differ, there has been much effort to ensure the 
accuracy of the IGES entities. 

To simplify internal processing for display purposes or to support special system features, 
some CAD systems store more information than the minimum necessary to represent a 
geometric entity. Translations to and from that CAD database may not preserve the extFa in
formation unless user-defined entities are defined to contain the additional data. 

Different CAD systems exhibit differences in their support of certain features, geometric 
entities, or other information. Data transfers between such systems could cause a redut:tion in 
the information. Data transfers between such systems could cause a reduction in the informa-

. tion content at the receiving end. Similarly, if the features are supported by both systems, but 
with significantly differing representations for the data, information could be lost in a trans
fer. Such losses, however, are independent of whether IGES is used as the intermediate fqrm 
of representation. · 

IGES has not matured as yet. The entities defined in version 1.0 were intended to support 
mechanical geometry and annotation. Extensions in support of electrical and piping entities 
are the subjects of current subcommittee activity. The IGES E & R committee, in the future, 
will resolve any oversight in the original specification and add extensions in support of other 
disciplines. The TE & S committee, through publication of recommended practices, will fur
ther enhance the communication of CAD/CAM information between systems. 

CONCLUSIONS AND RECOMMENDATIONS 
IGES is a viable mechanism for data exchange which can be valuable to Westinghouse 

and other companies. Use of IGES should be encouraged so that the resulting experience can 
shorten the cycle time for corrections and enhancements leading to the eventual stability and 
universal acceptance of the standard. Companies should support the IGES effort, as well as 
the related ANSI activity, through distribution of information to all employees using and 
managing CAD/CAM systems and through participation on IGES and ANSI committees. 

Translators produced by independent software vendors or by CAD/CAM system vendors 
and written in FORTRAN would allow Westinghouse and other companies a choice between 
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pre- and post-processing of part files on the CAD/CAM systems or at a data center. Such 
non-resident translators could spread the cost of development and maintenance over a 
customer base if demand is sufficient. 

We now have a national standard for communication of drawing and part information 
among CAD/CAM systems. Let us all use and support the standard and help it grow. 
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This installation guide is directed primarily towards the neophyte system buyer, although 
there is information that might be valuable to the veteran buyer/user. The discussion is divid
ed into three general categories: Preparation, Installation and Implementation. 

The first step of the Preparation category involves intensive research by the prospective 
user which includes visiting CAD installations, gathering CAD operation documentation and 
studying trade publications. The next steps involve preparing people in the organization, 
readying the facilities and witnessing in pre-delivery testing. 

The second category, Installation, is subdivided into receiving, assembly and testing, and 
some general guides and hints are discussed in these areas. 

The last category, Implementation, is comprised of three subtopics - training, operation 
and security. On the subject of training, there is discussion of scheduling, in-house vs. vendor 
site training, and follow-on advance training. Operation covers work scheduling, work priori
ties, and suggestions on work tracking methods. The discussion of security touches on the 
physical such as door locks, isolation, offsite tape storage, and data/system security which in
cludes utilization of the system's protection facility by use of passwords and file access 
authorization. 

The paper concludes with a summary of the salient points to be considered when organiz
ing your CAD facility for effective operation. 

You have all seen advertisements for Computer Aided Design Systems and you'll prob
ably agree that, in general, the copy reads like one normally associated with the ''Ace 
Vegomatic Little Kitchen Aid". "Buy this little self-contained modular turnkey beauty and, 
with just a few hours of instruction, you'll be making 3-D designs of your very own space 
shuttle." Right!! 

I may exaggerate just a little, but having bought one of those "turnkey beauties", it has 
become apparent that there are a few things you aren't told concerning installation and im
plementation. I'm sure it isn't because there is a desire to keep you in the dark; but, I think, 
probably it is assumed you know what you're doing and it would be presumptuous to tell you 
what to do. 
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It is my intention to cover the basics of CAD System installation and implementation 
based on my personal experience with our first system, and I'm sure for every incident that is 
mentioned, the veterans that have fought this battle can relate a half a dozen of their own. 

This discussion is divided into three general categories: 

1. Preparation 
2. Installation 
3. Implementation 

PREPARATION 
Prior to vendor selection, there is one relatively simple and possibly enjoyable activity 

you can participate in to prepare yourself mentally for this madness you are about to 
precipitate. I would encourage you to visit as many CAD installations as you can afford, 
within your own company and at other companies. Do not limit your trips to vendor demo 
sites. For this installation survey, it really doesn't matter if the CAD equipment is all the same 
manufacturer as you wish to buy or that the application is always the same as yours. As you 
look, ask yourself questions such as "Is this aesthetically appealing?" ... "Would I like to 
work in this environment?" ... "What do I like/dislike?" ... "What could be improved?" 
... "What are the apparent problems?". The list can go on almost endlessly. 

Another favor you can do for yourself, while touring the world of CAD users, is to beg, 
borrow, wheedle and cajole any and every procedure or instruction that these users have on 
CAD system operation. Give serious consideration to either hiring support personnel (e.g., 
System Specialist) or engaging the services of a CAD consultant. In a nutshell, if you can't 
talk CAD, find someone who does. 

PEOPLE 
Now comes the most important part of your preparation. This part is labeled PEOPLE. 

If your system is to be utilized successfully, you had better prepare all of your peopte for the 
blessed event and this doesn't mean just the "chosen ones" that will become your first 
operators. You should consider all persons including potential operators and those that may 
never get the opportunity. You have to try to create a positive attitude that will displace the 
fear that CAD systems seem to generate: 

- Fear of being replaced by a machine ... 
- Fear of failure if they try to learn operation ... 
- Fear of the unknown, and on and on. 

We held meetings almost monthly during the acquisition stage for all the designers and 
drafters to report on progress and to explain what CAD could do to assist them in their 
design work. For the meetings, we borrowed video tapes from the vendor and from internal 
sources that provided a system orientation and an introduction to Computer Aided Design. 
Articles from trade journals and technical publications were routed around. People were en
couraged to take introductory classes offered by local junior colleges. In general, everything 
that could be done was done to create a positive interest in CAD. 

Personnel selection is the most important and sensitive part of the PEOPLE category. 
You must decide whether to train your people from the top down (that is, best designers first) 
or only your detailers or a combination thereof. You must also decide whether or not you are 
going to reclassify your design people as CAD operators. 

During our visits to CAD installations, we were able to observe a variety of business 
products and personnel situations, and from this decided that for us, because of our R&D 
business orientation, the best approach would be to train our best and most experienced 
designers and to not reclassify them at this time. Our philosophy for the time being is that the 
CAD System is just another tool (albeit a very sophisticated one). Moreover, we felt that the 
best people would be more likely to learn faster and use the equipment most effectively in the 
design mode. 
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Since our organization is a Research and Development operation and not manufacturing, 
we have placed emphasis on the design aspect and, as a result, our training is designer 
oriented. Digressing still further, it is our opinion that most CAD systems are most effective 
in the design mode rather than drafting, although productivity gains may be demonstrated in 
much of the drafting work performed on CAD. Back to the topic of discussion - PEOPLE. 

Age is not a factor in the trainability of the people for CAD operation. We have people 
with 35 and 40 years of service with the company that have been just as eager and trainable as 
the younger individuals. This may be due, in part, to the earlier positive information and 
status meetings. 

Some key individuals and your system manager must be s~eduled for training classes on 
system operation before system delivery, or of course an even better approach would be to 
hire someone with the expertise in addition to scheduling system operation classes. The point 
is, someone in your organization must know at least the basics about the system before it is 
received. Otherwise, you could find yourself waiting hours or days with an unusable system 
and have a vendor technician to tell you all you needed was to "flip this switch" or "press 
that button". 

Don't deceive yourself into thinking you can operate anything if you have the owner's 
manual. Many years ago when I worked on a wheat ranch, we hired a new caterpillar tractor 
driver from the crowd in front of the employment office. When asked if he could drive a D-8, 
he answered to the effect that he "could drive anything". He was taken to the tractor and 
told to give it a try. After circling the tractor a few times and carefully checking it over, he 
announced, "I can drive anything you can start". I certainly wouldn't make that statement 
about a CA.D system. The system sales representative should offer training, but, if he doesn't, 
insist on it before signing any contract. 

PROCEDURES 
Establish some interim instructions and procedures during this early stage. You'll find it much 
easier now than when the world is falling apart during system installation. The procedures can 

• cover SUfh things as file labeling, design station scheduling, work request forms, system pro
tection, etc. They may not be exactly what you will want formally issued later, but at least 
they will provide some direction and guidance for the users. It will also demonstrate to your 
management that you really know what you're doing. This is important for establishing the 
credibility you will need when you make all the seemingly extravagant requests for your 
facilities. 

It is extremely important that you make every effort to educate upper management on 
the benefits and realities of CAD. They must be prepared for less than miracles the first year 
and to do 'this you must keep them informed. 

FACILITIES 
The facilities design challenge/problem is probably one of the most subjective areas (i.e., 

open for personal interpretation) and can be the most difficult to sell to management. 
Our choice of facilities design was based on observations made during our tour of in

stallations as well as what we were able to dig out of technical articles on the subject. (As an 
aside, a guide to system installation was published after we were done that can provide much 
needed information that you might not find elsewhere.) 

We began with three general ideas for our installation: 

1. Separate CPU, plotter and disc drives from design stations. 
2. Provide a quiet, creative atmosphere with subdued, adjustable lighting for the design 

stations. 
3. Provide separate A/C for CPU area. 

Each of these ideas was examined separately to determine the most effective facilities ar
rangement. Starting with the first item, the goal was to provide a creative atmosphere that 
would attract the designers, make them want to use this new tool, and to provide an aestheti-
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cally appealing installation to show visitors (and you will have visitors) that this is an impor
tant part of your design operation. We had the walls painted in atypical colors, the floor was 
carpeted, special color-coordinated chairs were purchased, art work is displayed on the walls, 
and all of this was done at surprisingly low cost. The biggest hurdle is convincing people that 
a nice pastel brown or orange wall costs the same as institutional white and does a heck of a 
lot more for positive worker attitude. 

Now for the "computer room" which is what we are calling the room housing the CPU, 
disc drives and plotter. First, the room was designed to be twice as large as needed for the ini
tial installation because we knew what we were going to expand and we also knew it would be 
a lot easier to make it big now than to try to add on later. This also applies to the air condi
tioning system (A/C); size it for the heat load of your future arrangement. The computer 
room was made separate from the rest of the system for two main reasons ... system en
vironment and system security. System security will be covered in later paragraphs. 

In spite of what you may have been led to believe, the CPU operates the most effectively 
at 68°-72°Fand at 450Jo to 550Jo humidity. In our case, this certainly precludes using the 
building air conditioning system, so we bought a stand-alone unit with bottom discharge. This 
unit was installed over a standard computer room false floor such that the cooled air flows 
under the floor and up through cutouts and into the base of the CPU, the disc drives and the 
plotter. It became readily apparent in our installation that having a separate air conditioned 
room was justified because the noise of the A/C unit would not be long tolerated by the 
designers at the work stations. Another problem that was discovered, after the fact, was 
flooding. Like many similar installations, our raised floor was installed in an area without 
floor drains and, subsequently, the first time the A/C condensate pump decided not to func
tion, about 30 gallons of condensate flooded under the wall and into some boxes of copy 
paper next door. In fact, we didn't know there was a problem until an irate neighbor came to 
visit. We since have installed a condensate overflow drain pump to prevent this from re
occurring. 

To help the A/C system in maintaining the environment at a steady state, large viewing 
windows were installed along the wall adjacent to the corridor to provide viewing of computer 
equipment and activities by large groups of visitors without them actually being in the room. 

This also is an aid to maintaining security. It is necessary to go through one of our of
fices to reach the personnel entry door to the computer room which obviously allows screen
ing of visitors and helps assure no unauthorized entry. The office door and the door between 
the office and computer room have locks and they are keyed differently. Keys to the com
puter room lock are limited and signed out to key people (no pun intended) in order to pre
vent unauthorized entry. This may seem a bit paranoid, but after finding curiosity seekers 
wandering around in the computer room, touching this and that, when the door was in
advertently left unlocked, we became believers in this selective paranoia. I'm sure you can im
agine this little scenario ... "Gee, I wonder what this button does?" CLICK!! 

You now have an aesthetically pleasing computer room with attractive walls and a steady
state environment. About the only thing left to consider is the electrical power for the CPU 
and disc drives and the plotter; the A/C and maintenance, etc., etc. 

Our philosophy was "cleaner is better". The cleaner, the more isolated your power to the 
CPU and drives is, the more effectively the system will operate. 

A branch circuit with its own breaker panel was installed in the computer room to supply 
the CPU, disc drives, plotter and utility outlets. The power goes from the panel to the in
dividual power conditioning/isolation transformers and then to each drive and the CPU. In 
addition, after a couple of power failures, we installed a low voltage trip between the breaker 
panel and the power conditioning transformers. This device trips the CPU and disc drive off
line with approximately a 10 volt drop in voltage and they remain off until manually reset. At 
the time this was installed, we had a high temperature switch installed in series with the low 
voltage trip and set it to trip off-line at 80°F. Since the installation of these devices, we have 
had about six low power trips and have had no disc or CPU problems as a result. Prior to in
stallation, we had a "near" head crash because of tandem power failure, approximately 5 
seconds apart, in which the heads retracted with the first failure, but the retract circuit wasn't 
sufficiently charged to retract the heads a second time. 

Four utility outlets were located under the floor to provide power for maintenance and 
these, plus the wall outlets, are on a separate circuit that branches off the main panel 
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upstream of the power conditioning equipment. This helps prevent electrical "noise" in the 
power delivered to the computer. 

The A/C power is on an entirely separate electrical panel and branch circuit because the 
potential power fluctuations and the electrical ·"noise" precluded having the A/C and the 
computer near each other electrically. 

While on the subject of noise, it is probably appropriate to mention the audible output of 
the isolation transformer for the CPU. I believe it is reasonable to suggest that you not install 
this device near the operators, or, if you must, design a special sound-proof, air-conditioned 
booth to enclose it. This piece of equipment is by far the noisiest component in our computer 
room; its hum can be even heard above the noise of the A/C unit. During your visits to the 
various installations, ask about this problem so you'll better understand what needs to 
be done. 

The noise is not loud enough to be damaging to the hearing, but it has an effect more 
like the ancientwater torture. The first 50 or so drops don't bother you at all, but after an 
hour or so, you begin to get a little dingy. Because of the heat generation of this equipment, 
be sure you have adequate cooling air flow in your sound proof enclosure. 

One other tip regarding the power conditioning equipment is to request delivery of the 
devices well in advance of the computer equipment so that you may have these installed and 
ready to power the computer during installation and check-out by the vendor field engineers. 

As you make your final preparations for delivery, it is advisable to check all the 
aisleways, corridors, etc., to see if the equipment, crated or uncrated, will be able to pass 
through all the way from the loading dock to the CAD area. You might be surprised to find 
some of tlie corners too tight, some doorways too narrow or stairs that need to be negotiated. 
Keep in mind that the disc drives, uncrated, weigh over 500 lbs. You may want the shipping 
company to move the equipment rather than your own facilities people. 

A final note on facilities design is to check the NPFA No. 75, the National Fire Protec
tion Association Code covering computer installations. You should determine, in advance, the 
application of this code to your installation. Local interpretation may have a direct impact on 
the cost of your facilities. 

~· Just prior to system delivery you have the opportunity to witness the pre-delivery testing. 
This can be beneficial to you in at least two ways. One is that it will be the first opportunity 
for you to see your system totally assembled and secondly, it will be your last chance before 
delivery to repair or replace malfunctioning hardware and check your software package for 
missing programs. Your being present at the system's "birth" possibly will cause some 
imprinting to take place with you becoming a surrogate parent for the system which will 
subsequently obey your every command. 

INSTALLATION 
Your presence during installation is almost mandatory. It will definitely be a learning ex

perience and, at the very least, you may be able to provide some help like holding a screw 
driver or provide some muscle in moving a heavy crate. In any case, you should be there dur
ing unpacking to check off for receipt, in good condition, of the equipment. If there is 
anything missing from the shipment, order the replacement immediately. If you wait to order, 
you could find your startup schedule beginning to slip. Be there as your system is assembled. 
Again, anything and everything you learn about your system very likely will be of value to 
you sooner or later. Besides, this is like Christmas and all your birthdays combined and you 
should be the one to have the fun. 

In our case, during installation, a grounding cable was not run between the CPU and two 
of the terminals. This was subsequently forgotten and, later, when there was some static elec
tricity problems, the solution was readily apparent, but obviously the problem could have 

-been avoided. 
After the system is completely assembled, you will go through lengthy and thorough 

hardware and software acceptance tests. As parts of the system are checked,.you will be asked 
to sign for acceptance. However, if there is any piece that doesn't check, you may sign the ac
ceptance with exceptions. In our case, lacking a MODEM, we were unable to check the com
munications hardware/software with our mainframe computer. We added a note to the accep
tance sheet that these hardware/ software features were not accepted. 
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It is important that your vendor has two resources: a 24-hour hot line for emergency ser
vice and a national accounts representative for your firm. A call to either of these resources 
will usually get prompt response. We are fortunate that, in addition, we had very talented and 
responsive local vendor personnel. 

Whenever you have a system problem, call the vendor hot line. Although it may be a 
bother to call sometimes, every call is important. A running record is made of your system 
problems and, if a trend begins to show in the nature of these problems, the vendor will prob
ably spot it before you and be better prepared to provide a solution to the problem. 

IMPLEMENTATION 
Finally, the last topic is that of implementation which I have divided into three subjects 

labeled training, operation, and security. 
As a preface to this discussion, it should be pointed out that your approach to training, 

job selection and work priority will naturally be related to your function in your company's 
organization. This discussion is biased by the fact that we are part of an engineering services 
type organization. 

In any case, do plan to send your system manager and/ or system specialist to the System 
Operations class prior to delivery. Even if they have some experience in CAD operation, this 
type of class covers many important aspects of system operation, some of which are certain to 
be beneficial. If you plan to have the vendor provide instructors for the ''Basic Operators 
Class" to be taught at your site, then you must schedule this well in advance. Don't wait until 
your system is running and then call to schedule classes; there may be a 6-8 week waiting list. 
You'll find yourself with a working system and no one to use it for 8 weeks. Look ahead at 
the next phase of the training you will need and begin to rough out schedules and lesson 
plans. You will be so busy in the ensuing months that it will seem extremely difficult to do 
this planning then. 

Prior to actually beginning your CAD operation, there are some work logistics to be con
sidered. On the surface, work scheduling would appear to be rather straightforward and 

· trouble free and, if you are very good at preplanning, this might be true for you. However, 
for the rest of us, let me outline some considerations that may help you begin organizing your 
work scheduling. 

The ability to do work on the CAD System is a dynamic, growing capability. To cope 
with this variable situation, we developed a method of job selection and distributed an extract 
to the engineering functions that will be requesting work. 

JOB SELECTION 
For selecting the particular work to be applied to the system, a number of specific criteria 

can be considered. In initial applications, the complexity of the job will be one of the most 
important. Since the operators (I prefer designers) will initially lack the system experience and 
sophistication required by most complex 3-D tasks, nearly all of the early use will probabl¥ be 
limited to 2-D layouts and diagrams. As the designers gain knowledge and experience, the 
complexity of the work will increase. Other selection criteria can include: job schedule 
pressure, whether the work is old or new, and if old, is there time to reconstruct the data base 
(drawings) on the system; and finally, there may be some tasks that will be assigned to the 
system in order to provide some "showcase" jobs for reports and demonstrations. 

In our case, the actual job selection process has three basic steps involving Engineering 
and Drafting. • 
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1. Drafting and Documentation will formulate a list of candidate jobs based on the 
criteria discussed above. The inital listing will be formulated shortly before first ap
plication and continuously updated. 

2. Engineering Management representatives will be given the opportunity to review the 
list and input their. definition of priority. Obviously, there may be particular jobs that 
are not listed that they would like on the system and other jobs listed that would bet
ter be done manually. 

3. The last step of the selection process is the negotiation to resolve any differences. 
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We followed the lead of the CAD installations we visited by developing a special CAD 
Work Request form. This form parallels a standard drafting work request with the addition of 
a CAD time estimate as well as a manual time estimate. An interesting event occurs with work 
on the CAD System and it follows a pattern soinething like the following: 

Mr. Engineer brings in a design job that he estimates and budgets will take 200 hours to 
do manually. You assign it to a Designer and he proceeds to flash through the job on your 
CAD System in 100 hours. As soon as Mr. Engineer realizes that he is going to have a lot of 
tinie/money left over, he begins to ask for iterations on a few areas he may be less than 100% 
satisfied with (that qualification might cover a number of areas). In this manner, the whole 
200 hours is used up for the job. He then says, "Well, you did a good job, but it took you 
the same amount of time as it would have manually, so where is the savings?" Gotcha! 

On the back of the CAD Work Request, there is a ruled area for listing iterations that 
were not part of the original job scope. In this way, the total time may be justified in terms 
of increased scope and still show a cost improvement of CAD over manual. 

The subject of operation is so big that it needs separate coverage, so with these few tips, 
we will move onto the next topic which is security. 

Security may be divided into sub-categories which I have labeled physical and data. 
Physical security, which was previously discussed, includes the obvious such as locks on the 
doors to control access to the CPU, and no one is allowed access to the computer room 
without authorization of the System Manager or the Operations Specialist. 

As mentioned earlier, this room contains the disc drives plus it also contains locked 
storage cabinets for the magnetic tapes and the disc packs used for back-up purposes (i.e., if 
the data on a disc becomes questionable or lost because of a head crash, etc., you have a 
disc(s) that only needs reloading of current data). 

Data security includes the use of the system protection facility commands which provide 
for controlled user access. An authorize file may be established that defines user access and 
this access control allows you as Systems Manager to prevent unauthorized access of either the 
system or specified files within the system. 

You may also protect against cl;langes to issued data except by special approval or even 
prevent filing of any data without authorization. 

•Included in the data security category is the protection of generated data stored on the 
disc by use of regular taping routines. If you transfer data from the disc to tape on a daily 
basis, you will never lose more than a day's design work. This applies to a single shift applica
tion and, obviously, if you are working multiple shifts, it might be best to tape at the end of 
each shift. We also tape on a weekly basis to provide additional backup to the daily taping 
and ntinimize the tape inventory. Duplicate tapes are stored off-site, for common mode 
damage protection, including copies of all the required system tapes as well as our library 
tapes. 
" We have had the computer room made a check point for the roving night guard for 

security protection, but also to check on the power conditions of both the air conditioning 
system and the CAD System and, if there are any problems, he has a list of people to call 
and notify. 

This has been just a cursory look at system implementation and not an attempt to pro
vide an in-depth look at this subject. There is just too much to discuss as an addition to the 
topic of this write-up. 

SUMMARY 
We have covered many aspects of the preparation for a CAD System and the installation. 

Hopefully, what has been discussed here will at least trigger questions to ask during your 
review of user sites. You should have an idea of what to look for at an installation and some 
leading questions to ask the users. 

In planning your facility, remember to think of establishing an atmosphere with aesthetic 
appeal as well as one that is conducive to operation creativity. You want the operators to feel 
comfortable with this new tool and proud of being a part of its use and development. 
Therefore, not only the atmosphere must be right, but the users must be kept informed of 
what is happening and excited with the potential of CAD. " 
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You must do all you can to provide a clean, secure containment home for the CPU and 
disc drives and assure the "cleanest" power source you can afford to ensure data integrity. 

System operation classes should be taken prior to delivery and as many of the operator 
classes as you can foresee should be scheduled well in advance of your need. Schedule each 
step of the delivery and installation and be sure that it is physically possible to move the 
equipment from the loading dock to the CAD area. You or your representative must be pres
ent during delivery and installation and remember to promptly order missing or 
damaged items. 

Establish preliminary operating instructions and procedures to provide initial guidance to 
the operating personnel during the hectic early days. System security must begin immediately 
and be maintained consistently throughout operation. 

Implement a method of work scheduling and work tracking. You must have a means of 
work tracking in order to judge work effectiveness and, just as importantly, system 
justification. · 

You are going to have problems and growing pains, but if you remember you have 
friends as close as the telephone hot line and if you promptly discuss your problems with 
them, most of these will be rectified very quickly. 

Wasn't that easy? Now that you have your first system running like a clock, what's next? 
Get out your long range plans. When do you need to expand? What is the current equipment 
lead time? Maybe you should have placed your order today! What about networking? What 
software will you need? Do you have room? What about money? 
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PRODUCTIVITY AND PROFITABILITY 
WITH CAD/ CAM 

ABSTRACT 

Chuck Cummings 
Babcock & Wilcox 

20 S. Van Buren Avenue 
Barberton, OH 44203 

216-753-4511 

· The purpose of this paper is to examine productivity and profitability with CAD/CAM. 
It will provide a simple framework to measure the tangible savings of CAD/CAM, determine 
the economic "break-even" point based on those savings and their associated costs, look at 
the things to which profitability is sensitive, and point out a problem with intangible benefits. 

INTRODUCTION 
CAD/CAM systems are almost always justified on the basis of increased drafting produc

tivity and a series of intangible benefits. Looking through the current literature will show that 
the only "tangible" savings commonly attributed to the use of CAD/CAM is a savings of 
drafting man-hours. Furthermore in most cases, the "intangible" benefits (improved design, 
shorter product cycle, flexibility, etc.) are the real incentive to purchase a system. A serious 
confusion exists between the concepts of productivity and profitability. If the price of in
creased productivity is very high, perhaps we can't affort it. Typically, it is claimed that as a 
pure drafting tool a CAD/CAM system is a marginal investment; but when intangible benefits 
are considered, it becomes a very good investment. The implication is that intangible benefits 
make CAD/CAM systems profitable. This may or may not be true. It certainly hasn't been 
proven. I believe it is true, however, and the challenge is to prove it. 

A FRAMEWORK FOR MEASURING TANGIBLE BENEFITS 
To begin we will look at the tangible savings from using a CAD/CAM system; namely, 

increased drafting productivity. We will design a simple framework for measuring the 
increase. 

For the sake of simplicity, we will assume that there is a CAD/CAM system that has six 
workstations and all other required hardware and software. This system was purchased by a 
company (fictitious) for a total of $600 thousand. The hardware cost $550 thousand and the 
software $50 thousand. A room was prepared for the system at a cost of $50 thousand. The 
company. paid cash for all of this and believes it will all last for five years. 
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Over five years, the total system cost is: 

$550 + 50 + 50 = $650 thousand 

The system, both the hardware and the software,, will be maintained by the vendor and to 
start, the company will pay 1 OJo per month of the cost of the hardware for the maintenance. 
The maintenance contract will· be negotiated every two or three years and the average escala
tion in the cost will be 2% per year; (That is a pretty good deal.) 1 OJo of $550 thousand is 
$5500 per month to start. Over five years, the total cost of maintenance is: 

(5.5) (12) (1+1.02 + 1.022 +l.023 +1.024) = $343.5 thousand 

Supplies (plotter paper and pens, magnetic tapes, etc.) will cost $400 the first year and 
will escalate 10% per year. Over five years the total cost of supplies is: 

(4) (6.1051) = $24.4 thousand 

Since a number of things in this example will be escalated at 10% per year, note that the 
total value of $1. escalated over five years is: 

(1.) (1.+1.1+1.l2+1.l3+1.1 4) = $6.1051 

Also note that the average value of $1. escalated over five years is: 

6.1051/5 = $1.22102 

This is only the first system. If things work out well, there may be more. There is a person 
who keeps track of all of that. He is called the CAD/CAM man. He costs the company $35 .. 
thousand a year. There is another person, the system manager, who schedules the terminals:· 
makes sure everything. is running properly and much more. That person costs the company 
$30 thousand a year. There is a technology exploiter to make sure CAD/CAM is being used 
as well as possible - $25 thousand a year, and finally a clerk (plotting, file maintenance, ·etc.) 
for $20 thousand. These people all attend user group meetings, seminars, etc., so, they have 
fairly heavy expenses - 15% of their costs above. Taken together they are overhead person
nel chargeable to CAD/CAM. This will be referred to as people costs. Over five years, the 
total cost of people is: 

(20+25+30+35) (1.15) (6.1051). = $772.3 thousand 

That is almost three quarters of a million dollars and appreciably more than the cost of 
the system. 

Over five years, the total cost of CAD/CAM is: ~· 

System 
Maintenance 
Supplies 
People 

TOTAL 

$ 650 thousand 
343.5 
24.4 

772.3 
$1790.2 thousand 

The average cost per year is: 

$1790200/5 = $358,040. 

If one shift at a workstation is 2000 hours per year and the workstations are available for 
productive use 95% of the time, then the total woJ;"kstation time available on the systeµi is: 

(6 workstations) (.95) (2000) = 11400 hours per year 
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The cost of CAD/CAM itself for a one-shift operation is: 

358040/11400 = $31.41 per workstation hour 

This is based on salary and fringes plus expenses for overhead personnel. 

The primary economic justification for CAD/CAM is increased drafting productivity. 
The change in productivity, Rp, is expressed as the ratio of the hours required to do a job 
manually versus the hours required using a system. 

Rp = manual hours 
hours on system 

THE BREAK-EVEN PRODUCTIVITY RATIO 
If productivity increases slightly, say lOOJo (Rp = 1.1), the increase is going to be very ex

pensive for the company. If it increases greatly, lOOOOJo (RP= 10), then the company will 
make a lot of money. There is a point at which CAD/CAM will just pay for itself, the com
pany will simply break even. At that point, we have the break-even productivity ratio, R. 

The hourly cost for doing a job on CAD/CAM is the cost of the person for an hour plus 
the cost of the workstation hour. The hourly cost for doing the job manually is the cost of 
the person for the hour. The ratio of those two is: 

Cost of workstation hour + cost of person hour 
Cost of person hour 

We already know that the workstation costs $31.41 per hour. Currently, an operator costs 
th~"<:ompany a total of $11 per hour; but, like overhead personnel, his cost escalates at lOOJo 
per year. The average value of a dollar escalated at lOOJo over five years is $1.22102, so the 
average cost of an operator is: 

The above ratio, then is: 

(11) (1.22102) $13.43 per hour 

$31.41 + 13.43 = 3.34 
13.43 

It costs the company 3.34 times as much per hour to do a job on a CAD/CAM system as 
it costs to do it by hand. If the operator can do 3.34 times as much work in that hour for 
3.34 times the cost, then the company will break even, so the break-even productivity ratio in 
general is: 

R =Cost of workstation hour + cost of operator hour 
Cost of operator hour 

and in this example: 

R=31.41 + 13.43= 3.34 
13.43 

CAD/CAM must make it possible to do the drafting work 3.34 times as fast for the com
pany to break even. 

If the system were used two full shifts, then: 

R = 15. 70 + 13 .43 = 2.17 
13.43 
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SENSITIVITY ANALYSIS 
If we call the cost of a workstation hour, W, and the cost of an operator hour, 0, then: 

R=W + 0 
0 

The cost of a workstation hour is the total cost of CAD/CAM divided by the total 
number of workstation hours available. Call the total cost of hardware, software, site, main
tenance and supplies, S. Call the cost of people, P and the number of workstation hours, H. 
Then: 

R = (S + P)/H + 0 = S + P + l 
0 OH 

R is the productivity ratio required for the company to break even. If R is small, the in
crease in productivity required to break even is small and likewise, the productivity increase 
required to be profitable is small. Profitability is inversely proportional to R. As R gets 
smaller, profitability gets larger. Therefore, to increase profitability, we want to decrease R. 
How do we do that? What is R sensitive to? 

R=S + p + 1 
OH 

Any change in S, P, 0 or H will cause a change in R. As the cost of hardware, software, 
site maintenance and supplies increases, R increases and profitability decreases. As the cost of 
overhead personnel increases, profitability decreases. On the other hand, as the cost of 
operators increases or the number of hours of use increases, profitability increases. Based on 
this analysis, then, to increase profitability, do the following: 

' 1) Decrease S. Buy the cheapest system that will do the job. Negotiate the least expensive 
maintenance contract possible. Spend as little as possible on the site. Use suppliesas spar-
ingly as possible. ·· 

2) Decrease P. Reduce the number of overhead personnel. 
3) Increase 0. Save man-hours for the most expensive operators possible. All this means is 

that the more expensive the operator, the more profitable CAD/CAM is. 
4) Increase H. Use the system as many hours as possible. Minimize downtime. 

It should be noted that as the number of overhead people increases, the number of work
station hours available for productive use decreases because overhead people tend to use 
workstations. Both of these things depress profitability, so that increasing the number of 
overhead people has a doubly bad effect. Overhead personnel should never be added without 
justification! (See Appendix) 

Some of these actions are incompatible. For example, it probably isn't possible to mini
mize both the cost of maintenance and downtime. Some common sense is helpful, too. It isn't 
reasonable to give all drafters a big increase in salary to save more expensive operator hours. 

A PROBLEM WITH INTANGIBLES 
In the one-shift operation in the earlier example, the break even productivity rati'o was 

3.34. If the company is doing mechanical drafting and using the system as delivered, that may 
be very difficult to achieve. It may be impossible to achieve in which case the company will 
continue to lose money on drafting. However, the drawings are cleaner and neater and more 
consistent. They are also more accurate. They have fewer errors and they are completed more 
quickly. All of those things have an appreciable amount of value, but it is intangible - it is 
difficult to judge· the dollar savings represented. Nevertheless, when added to the productivity 
increases in drafting, it clearly makes CAD/CAM very profitable. Or does it? 
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If we look at the equation implied, we see that something is missing. Let tangible savings 
be S1 and tangible costs be Ct and intangible benefits be Si. Then: 

A little trickery was used to illustrate a point. S was used for both tangible savings and 
intangible benefits as though savings and benefits were the same thing. They are not. When 
we speak of tangibles we understand that benefit means net savings or total savings minus 
total costs. When we speak of intangibles we imply that the net value is positive - total sav
ings are greater than total costs, or more likely, we completely fail to recognize that there are 
any intangible costs. Just as there are tangible costs associated with tangible savings (cost of 
CAD/CAM associated with the savings in drafting hours), so there are intangible costs 
associated with intangible savings. The assumption that the net intangible savings - the in
tangible benefit - is positive, can easily be challenged. It needs to be investigated. A more ac
curate equation is: 

A couple of examples will clarify what sort of things are intangible costs. 

The management of the company in the earlier example recognized that the attitudes of 
the operators would have an effect on their productivity. If they felt intimidated and unhap
py, they wouldn't be very productive; but if they felt confident and happy, they would be 
very productive. Since this was the first system it was important to make a good showing. 
Therefore, in order to instill confidence for the 12 drafters chosen from among the 110 
available, they were given new job titles. To make sure they were happy, they were given an 
extra t~o dollars an hour. Surely enough, they became confident and happy and very produc
tive. Althougp the effect of their attitudes on productivity is intangible, it is real, and the 
systeni has an overall productivity ratio of 3.5, which makes it not only productive but also 
profitable. The best that could have been expected with poorer operator attitudes would have 
been 3, which would make the system unprofitable. Alas, when the other 98 drafters heard 
about the job titles and the extra two dollars an hour, they became very unhappy and produc
tivity at the drafting board fell sharply. In fact, overall drafting productivity is way down. 
The intangible savings - increased productivity because of'high morale among the twelve 
operators - has been more than offset by the intangible cost of low morale among the other 
98 people. The intangible benefit is definitely negative. . 

Another company, a small one, has even worse problems. When they installed 
CAD/CAM, they recognized that they would cut the engineering time by 35%. They went out 
and told all of their customers. Their customers were very happy. The company even got a lot 
'of new contracts. Now however, the drawings from the system are piling up in the mail room 
because the shops aren't ready for them. They have searched in vain for qualified welders. 
Without them they have a manufacturing bottleneck. They have had to build an expensive 
new facility for the inventory of raw materials that is accumulating. The customers are now 
angry and manufacturing is really feeling the pressure. Morale there is very low, which is 
delaying shipments even more. The intangible saving was shorter engineering time. The in
tangible costs are extreme. 

The point is not that intangible benefits are always negative, but rather that they must be 
investigated. Intangible savings are difficult to measure. Intangible costs are much worse, but 
if everyone is aware of them, we will certainly learn more about them. As intangibles become 
clear, they become tangible. When that happens, we can prove how profitable CAD/CAM 
really is. 

CONCLUSION 
The normal measure of CAD/CAM system productivity is the ratio of the hours to do a 

given task on the system, to the hours required to do the job by hanc1. We may require, 
however, that the job be done not only faster but also cheaper. Profitability is another 
measure of the "goodness" of CAD/CAM and one that gets a lot less attention. To a great 
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extent, profitability is presented in terms of intangible benefits. But, there is a problem with 
intangible benefits; namely, intangible costs which are almost always ignored. In order to 
understand the true benefits of CAD/CAM, we must look more closely at intangibles. As we 
do we will learn more about them and some intangibles will become tangible. The technology 
and all of us involved with it will be better off for the effort. 

APPENDIX 
Clearly, there is a conflict between the short term goal of making a CAD/CAM system as 

productive and profitable as soon as possible and the long term goal of making it as produc
tive and profitable as possible; namely, overhead people. In the short term, the cost of over
head needs to be minimal to achieve the best immediate results. However, overhead people do 
things that can greatly enhance the benefits of the technology. The company in the example 
has a CAD/CAM man. They are planning to expand the technology as widely as it will be 
beneficial. Without the CAD/CAM man, that would be undirected and possibly disastrous. 
The Technology Exploiter has already opened up lucrative new channels by providing links to 
the "main-frame" finite element programs and to the numerical control operations. In the 
long run these benefits will far outweigh the cost of the people involved. All decisions 
concerning overhead personnel should be considered very carefully and include both short 
term and long term ramifications. 
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CADDS 4 REV 2 -
A USER'S REVIEW EVALUATION 

1. INTRODUCTION 

William G. Beazley, Ph.D. 
Marine Division 

Brown & Root, Inc. 
Houston, TX 77001 

Computervision Corp. plans to release their new CADDS 4 REV 2 software sometime in 
July, 1981. The Marketing buildup and heightened user's expectation of the performance of 
CADDS 4, particularly REV 2, is based in part on the widely recognized limitations. of 
CADDS 3. The author has had an opportunity to work both with CADDS 3 and CADDS 4 

.~ .. EV 2, and a comparison of these two software packages can guide others in selecting the 
,~~fi?ne appropriate for their application. 

,,• The present review will begin with the limitations of CADDS 3 addressed by CADDS 4. 
·The second revision of CADDS 4, meant to meet or exceed the performance of CADDS 3 

i' REV 11, will then be discussed in terms of its practical utility. Finally, the remaining areas of 
'~improvement for CADDS 4 will be reviewed, with suggestions for future work. This paper 
~will exclude issues such as bugs or minor command modifiers, and concentrate on the concep-

tual issues of the software packages themselves. 

2. CADDS 3 - CADDS 4 COMPARISON 
CADDS 3 is a popular CADDS software package developed principally to run on CV's 

COOS 100/10 Operating System and a CGPlOO CPU (developed from CV's experience with 
the Data General NOVA minicomputers). It has limited support for a variety of 3D data entry 
and manipulations, and excellent support for the more common 2D computer-aided drafting 
applications. Prominent among these are the schematic drawings using small symbol libraries 
and drawing extracted reports, i.e. PC/ES, P&ID, etc. The support for MD capabilities are 
typical of the wire-frame geometric approach; lines, points, strings, with no particular user 
use of their connective associations in any general way (except in associative dimensioning and 
chaining digitizes). Speciality applications, such as, Finite Element Modelling (FEM) are add
ed to the existing entity support as a kind of forced retrofit, but with acceptable results for 
most users. The main mechanisms for a particular CADDS 3 drawing to "borrow" data from 
another drawing, were via drawing copying and editing, INS PART FIG and NFIG com
mands, layering conventions (one drawing per layer set), and selected data e~traction pro-

. cedures, i.e. MERGE NET. The most popular mechanism by which engineering data was par
titioned into separate drawings was, simply, to have separate CADDS parts for each one. This 
approach required endless waves of drawing updates with each design change. 
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For these and other limitations CV took a fresh approach, CADDS 4. A summary of the 
limitations of CADDS 3 which CADDS 4 appears to address is given in TABLE 2.1. The in
troduction of CADDS 4 involved the use of a new processor (GPU) and a new type of ter
minal (Instaview), both discussed here as CADDS 4 features. The limitations listed in TABLE 
2.1 will now be briefly discussed. · 

2.1 MODEL/DRAWING DICHOTOMY 
The single feature of CADDS 4 which separates it from CADDS 3 is the introductions of 

the Model/Drawing partitioning on database graphics entities. It is a clear recognition that a 
difference exists between the information necessary to describe a physical object and the 
numerous drawings and documents necessary to record this data on paper. The model and 
model entities are data describing this object and visually displaying it in approximate form to 
the user. The drawing entities are the appearance the model and associated data has in the 
drawing. This means that the model must be made available to all draftsmen drawing up the 

. design while they create the drawing itself. Only one user may be in the model mode, where 
the model itself can be changed. All others must remain in the drawing mode, where only 
drawing entities can be added. 

Table 2.1: 
Apparent Impact of CADDS 4 on CADDS 3 Problems 

CADl>S 3 Problem CADDS 4 Solution 
1. Model/Drawing Dichotomy 1. Model/Drawing Modes 
2. New Orientations Difficult, Slow 2. ICU (Image Control Unit) 

Temporary, Permanent Orientations 
3. No Independent Coordinates 3. Construction Plane Concept 
4. Limitations of Repaint Technology 4. GPU/VGU RasterRefresh Technology 
5. Wire Frame or Symbolic Graphics 5. Solids.Modelling, Generate DETAIL Command 
6. Inconsistent Punctuation 6. Consistent Punctuation 
7. Few System Commands While in CADDS 7. Resume System, Resume CADDS 
8. FORTRAN, PEP, VARPRO, PAREX Limitations 8. VARPR02 
9. Response Time 9. Faster Commands, Distributed Processing 

2.2 GENERATION OF NEW ORIENTATIONS 
The two main uses for obtaining a new orientation of something being drawn are to draw 

a view more clearly showing important detail and better interactive identification of entities on 
a cluttered display. Rotating to a new orientation in CADDS 3 invoked a REG REG via the 
SEL VIEW command. This step is eliminated after the first view is activated by direct opera
tions of the Temporary View File (TVF) using the Image Control Unit (ICU) at the display. 
Temporary view manipulations of the views may be made permanent. 

2.3 INDEPENDENT COORDINATES FOR DATA ENTRY 
CADDS 3 lacks the ability to enter spatial data in terms of an independently defined 

coordinate system. (The DEF VIEW command sets no origin for data entry.) CADDS 4 in
troduces a Construction Plane Concept which solves this problem. The author used this 
CADDS feature to construct a CADDS FEM part for the tubular structural jomt shown in 
Figure 2.1. 

2.4 STORAGE TUBE TECHNOLOGY LIMITATIONS 
CADDS 3 uses a regen file approach developed to support a storage tube hardware con

figuration requiring frequent repaints. CADDS 4, when used with the refresh-type raster 
screen lnstaview terminal, uses a special processor GPU and direct video transmission from 
VGU Boards located at the computer to change screen appearance much faster. The limita-
tions of raster displays themselves are well known and will not be discussed here. · 
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Figure 2.1: Finite Element Model of Structural Tubular Joint 
Generated Using Two User-Defined Construction 
Planes. 

2.5 WIRE FRAME GRAPHICS 
Wire frame graphics, quite acceptable for most Mechanical and symbolic applications, 

require extensive editing for certain 3D applications requiring pictorially correct views, i.e. 
Plant Design and Architecture. CADDS 4 has introduced GENERATE APPEARANCE and 
GENERATE DETAIL commands which, consistent with their notion of drawings as represen
tations of data models, examines selected model entities and generates their true appearance. 
This solids modelling is a new departure from the limited surface modelling and fonting 
capabilities of CADDS 3. 

2.6 INCONSISTENT PUNCTUATION 
CADDS 3 is famous for its liberal use of contractions, abbreviations and punctuations 

conventions. CADDS 4 has made this more consistent, although changing verbs and nouns 
liberally and adding hierarchical modifiers to many commands. The author views the produc
tivity gain here as a probable draw. 

2. 7 SYSTEM COMMAND ACCESS 
CADDS 3 suffered from endless bouncing back and forth between system and CADDS 

level to use features in both. CADDS 4 may now be suspended to allow full use of system 
commands. Unfortunately the menu is suspended also, but this is a minor limitation. 

2.8 FORTRAN, PEP, V ARPRO, PAREX LIMITATIONS 
The main vehicles for drawing automation for CV are FORTRAN, PEP, VARPRO and 

PAREX. A complete discussion of the limitations of these routines is outside the scope of this 
paper. The principal tradeoff presented to the applications programmer was ease of program
ming vs. full use of CADDS commands. VARPR02, with text file reads and writes, vector 
operations, FORTRAN routine calls, and other features appears to address these 
shortcomings. 

2.9 RESPONSE TIME 
The worst criticism of CADDS 3 is (at least for the author) response time. This is an 

outgrowth of several of the factors discussed above. Depending on the command, CADDS 4 
is much faster than CADDS 3. This has been accomplished mainly by two improvements. 
First, much of the computational overhead has been distributed to the GPU which has its 
own memory and more direct access to the terminal displays. Tests by the author on a 5,000 
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line drawing executing a zoom all (ZOOM VIEW ALL) command showed CADDS 4 REV 
1.01 response time to be about 250Jo of CADDS 3. Secondly, many of the commands them
selves have been rewritten for speed, though more preparation is required in library generation 
(PREP N,FIG, etc.). Response time has increased, however, for some commands from 
CADDS 4 REV 1 to REV 2. CV must continue to regard response time as one of CADDS 4's 
principal merits. 

3~ CADDS 4 REV 2 
A preliminary list of CADDS 4 REV 2 enhancements may be found in TABLE 3.1. 

Brown & Root has experimented with preliminary versions of most of these enhancements, 
with the· exception of the numerical control applications. The overall objective of REV 2 was 
to incorporate the features generally present in CADDS '3 REV 11. Selected enhancements will 
now be reviewed. 

3.1 FINITE ELEMENT MODELLING 
FEM software has now become a much more generalized package with user-definable 

elements, checking aids (element shrinking) and several methods of displaying analytical 
results (i.e. distorted shape, mode shape, time response display, etc.). Grid points are tagged 
at insertion, but numbering cannot support NASTRN standard 8 digits. These capabilities are 
not well integrated into the database. Separate commands must be used for moving and copy
ing. You cannot dimension to grid points and you apparently have no control over grid point 
symbol size (currently too large). This will be an exceptionally strong product if these and 
other deficiencies are corrected. 

3.2 MD DIMENSIONING 
Dimensioning is definitely improved with modifiers permitting alignment of dimensions 

across the page (good practice), and conformance to JIS and IOS dimensioning standards. 
Still, conformance to good practice in the United States is necessary on items such as solid 
isometric dimensioning, selective editing of witness lines and editing to dimension text and 
symbols (i.e. follows the dimension in some shops). 

3.3 VARPR02 
A major change in philosophy of applications programming by users is V ARPR02, 

already discussed. This is a much more powerful VARPRO, following the variable execute file 
generation approach. The use of online variables in CADDS 4 makes this a strong feature. 

3.4 PIPING 
A major feature of the REV 2 release of CADDS 4 will be the Piping and Plant Design 

software features. These commands are simpler than CADDS 3 REV 11 though they cannot 
be simplified beyond the complexity of plant design itself. Piping has evolved in CADDS 4 
into a family of commands obeying a CV set of property conventions on entities. To use the 
full range of capabilities, one cannot deviate from these conventions, hence, the users problem 
is now one of converting CV format results into in-house formats. It would be almost un
thinkable to attempt to reconstruct the fittings library, for example. 

New features have been added, primarily, automatic hidden line removal using a solids 
modelling approach (see Figure 3.1) and a pipeline extraction command for isometric and 
spool drawings. But with these come new questions. How large a plant can be successfully 
modelled on CV? What is the impact of the additional drawing entities generated for each 
drawing, also stored in the same file as model entities? How are the large but distinct plant 
areas, certain to be designed on separate CV systems, to be combined into a single da~abase? 
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Figure 3.1: Hidden-Line Detail Generated from Solid Geometric Component Descriptions. 

3.5 OTHER CHANGES 
The fast refresh capabilities of Instaview raster technology make animation possible. The 

author has experimented with this for both FEM mode shapes and for two time history 
simulations. The FEM capability is too slow but is better controlled than the experimental in
terface coreloads used for the time histories. A faster approach could be along the lines of the 
tool path simulator where entire figures are manipulated rather than individual entities. 

There may still be another change to file manipulation syntax on the operating system. 
FUT IL will change in the allowed delimiter character, although the old FUTIL syntax will be 
supported. Defaults need to be selected as the ones which create the most useful output for 
the least input, the most commonly expected request, the most upwardly compatible. It would 
be unwise fo have the system command LIST ©CRD to list the entire SYSCATLG, or 
CADDS 4 command LIST PART ©CRD to begin searching the entire SYSCATLG for files 
ending in &PD. 

The Graphics Nodal Architecture (GNA) is a new feature allowing CV systems to ex
change files with a central CPU. It is expected to permit the satellite systems to download 
their drawing and library file storage requirements to a dedicated CPU. This is another step 
towards the distributed processing environment of the future. More attention wifl need to be 
given to file management of big multi-system jobs, where users may overwrite files accidental
ly at the central node. 

4. SUMMARY AND CONCLUSIONS 
The new or residual problems of CADDS 4 REV 2 are not simple to categorize. They 

arise, in part, because other problems are solved. The general areas of concern are now 
discussed. 

4.1 PARTITIONING OF DATA ON LARGE JOBS 
CV seems serious about doing business in Plant Design, Architecture and other disciplines 

where the Engineering database will be large and needs of the contributors will be larger than 
one system. Some means of properly partitioning these databases among several systems must 
be found. 

4.2 GENERALIZATION OF WHAT CONSTITUTES A MODEL 
The Engineer constructs models quite unlike the lines and circles currently used in 

· Mechanical Design. These might be Finite Element Models, Kinematic Chains, etc. For exam
ple, Figure 4.1 shows a FEM model that could be utilized in structural drafting steps follow
ing Engineering. These models should be capable of generating the drawings detail necessary 
for fabrication. 
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Figure 4.1: Finite Element Engineering Model Typically Underlying 
Offshore Structural Design. 

4.3 BETTER 3D MANIPULATION SUPPORT 
Better support of the user in both direct view manipulation and man-machine efficiency 

sense is needed. Commands should be added permitting rotation of views and scrolling using 
both model and drawing entities digitizes and maintaining locational relationship between 
them if desired. Orientation feedback aids such as the construction plane symbol cannot 
disappear when dynamic view is entered, as well as grid. A joystick might do better for rota
tions than buttons. 

4.4 CONCLUSIONS 
CADDS 4 and in particular REV 2 will probably transform the way Engineering is done 

by the very power of the model/drawing dichotomy. The tendency will be for Engineering 
designers to construct the model, while drafters detail it in the drawing mode. It truly 
represents the next level of attainment in a drawing-as-database approach to Computer Aided 
Design. It will be adequate for smaller model designs common in Mechanical Design, 
schematic drawings and similar applications. 

The extensions to the next level is a concern, however. Serious questions should be raised 
about the extensibility of the CADDS 4 concept into the larger design disciplines it is aimed. 
The author expects the software to change at a rate approximately appropriate with its accep
tance in these disciplines. The users, however, must play a large part in guiding CV toward 
this goal. 
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Item No. 
2.1.1.1 
2.1-.1.2 
2.1.1.3 
2.1.1.4 
2.1.1.5 
2.1.1.6 
2.1.2.1 
2.1.2.2 
2.1.3.1 
2.1.3.3 
2.1.3.5 
2.1.4.1 
2.1.4.4 
2.1.4.5 
2.1.4.6 
2.1.4.7 
2.1.4.8 
2.2.1 
2.2.2 
2.2.3 
2.2.5 
2.2.6 
2.2.7 
2.2.9 
2.2.10 
2.2.11 
2.2.14 
2.2.21 •• 
2.2.23 
2.2.24. 
2.3.4 
2.3.6 
2.3.7 

2.3.8 
2.3.9 
2.4.1.2 
2.4.1.3 
2.4.1.4 

2.4.1.6 
2.4.2.1 
2.4.3.5 
2.5.2 
2.6 
2.7.1 
2.7.2 
2.7.3 
2.7.4 
2.7.5 
2.7.6 
2.7.7 
2.7.8 
2.7.9 
2.7.10 
2.7.11 
2.7.12 
2.7.13 
2.7.14 
2.9 
2.9.1 
2.9.3 
2.9.4 
2.9.5 
2.9.6 

Table 3.1: 
Preliminary List of CADDS 4 REV 2 
Enhancements to CADDS 4 REV 1 

Items Modified 

Functional Area 
MD - Finite Element Modelling - User-Defined Elements 
MD - Finite Element Modelling - Enhanced Mesh Generation 
MD - Finite Element Modelling - Internal + Minor Updates 
MD - Finite Element Modelling - External Load Definitions 
MD - Finite Element Modelling - Distortion Plotting 
MD - Finite Element Modelling - Shrink Elements 
MD - B-Splines - Improve and Expand Math. Definitions 
MD - B-Splines - Smoothing 
MD - Surfaces - Fillet Surfaces 
MD - Offset Surfaces 
MD - Surfaces - Improve and Expand Math. Definitions 
MD - Dimensioning - Japanese Industrial Standards 
MD - Dimensioning - Angular Dimensions 
MD - Dimensioning - Enhanced Cross-Hatching 
MD - Dimensioning - Piping Features 
MD - Dimensioning - Expanded Change Dimension Capabilities 
MD - Dimensioning - Automatic Text Centering and Alignment 
NC - Check Surface - 3-Axls 
NC - MABS/NCPEP Interface 
NC - Tool Library 
NC - SCALLOP Ht. Improvements 
NC - User Interface Improvements 
NC - 5-Axis Check SURFACE MSING/MABS 
NC - Pocket with Islands 
NC - Surface Intersection with Tapered Cutter 
NC - Thick offset option 
NC. - User generated subfigure in tool display process 
NC - Lathe M,acro Improvements 
NC - Fanning 
NC - 3-Surface Startup in MSINT/MABS 
ED - Title-Erase changed to Delete Network (only change) 
ED - Deferred Node Identification - Insertion of Interconnect Paths 
ED - Title-Optional Annotation of Symbols at Insertion Time changed to Symbol Annotation; also 

text changes 
ED - Merge Net/Compare Net Improvements 
ED - Schematic Design Rules Check 
System Management - Implementation of Rectangle Entities 
System Management - Implementation of Shape Entities 
System Management - Establishing Tags (not Properties) at Entity Insertion Time - text changed 

also 
System Management - Only changed title from Copy NFIG to Copy NFIG/SFIG/PFIG 
System Management - Report Generation - Data Extract/Data Merge Enhancements 
System Management - Command Functionality - Extended NFIGs 
Autoplacement/Autoroute Features - Autoroute 
System Management - VARPR02 
Piping - GETDATA Improvements for PIPING 
Piping - CHECK CLEARANCE Command 
Piping - ROUTE PIPE Command for 3-D Pipeline Routing 
Piping - Independent X, Y, and Z Scaling of Figures 
Piping - INSERT FITTING Command for 3-D Piping Modelling 
Piping - View-Dependent Drawing Graphics 
Piping - Hidden Line Removal 
Piping - Dimension Options 
Piping - User-Defined Cross Hatch 
Piping - Selection Files from Piping Specifications 
Piping - Report Generation and Manipulation Features 
Piping - Crea.tion of Plant Sections 
Piping - Isometric and Spool Drawing Creation 
Piping - CUT PANEL and JOIN PANEL for Piping 
Graphics Network Architecture - GNA (was Local Networking) 
GNA - Star Configuration 
GNA - Enhanced Batch Processing 
GNA - File Archiving 
GNA - Sub-Fig. Libraries (only changed Networking to GNA) 
GNA - New System Administrator Functions ( " " ") 

359 



Item No. 
2.10.1 
2.10.3 
2.11.1 
2.11.2 
2.12.4 
2.12.10 
2.12.11 
3.1 
3.2 
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Functional Area 

System Software - Support of New Peripheral Devices 
Other System Software Features - FUTIL 
Relationship to CADDS 3 - CADDS,3 Concurrency 
Relationship to CADDS 3 - CADDS 4 to 3 Database Conversion 
Mapping - On-Line Calibration · 
Mapping - Text Placement Relative to Existing Entities 
Mapping - Property-to-Text Generation 
Hardware Configuration Rules - Required Hardware 
Hardware Configuration Rules - CADDS 4 and Concurrent CADDS 3/4 Memory Requirements 



ABSTRACT 

APPLICATIONS FOR CADDS 
IN THE DESIGN PROCESS 

Jorge L. Perez 
Vought Corporation 

P .0. Box 225907 
Dallas, TX 75265 

214-266-2671 

Computer graphics systems are being used more extensively than ever before. The in
troduction of these system;· into the design process has been difficult for many companies. At 
Vought, this process is being accomplished in a timely and efficient manner. 

Vought's computer graphics system utilizes the Computervision COOS 200 using CADDS 
III software. To incorporate this system into the design area, Vought began by organizing a 
CADD System Development group. This organization is responsible for the training of 
operators, the ordering and distribution of hardware and software, and the writing of 
CAD/CAM interim operating procedures. The writing of procedures is simultaneous with the 
development of some designs which use CADDS. Some of the initial designs that utilized 
CADDS demonstrated the full capabilities of the system and were useful in establishing pro
cedures. In addition, close coordination with manufacturing allowed maximum use of the 
generated database. 

INTRODUCTION 
In order to organize the development of Vought's CAD/CAM capabilities, a group was 

formed called the CADD System Development group. Job descriptions for positions in this 
group were formulated and an interim facility was provided. CAD/CAM departmental project 
managers were identified and program management office positions were filled. 

This area was responsible for establishing the objectives of Vought's CAD/CAM develop
ment. Another responsibility was the development of additional CAD/CAM capabilities. 
Progress in the development of capabilities was made on several fronts. The Computervision 
graphics system in Manufacturing Engineering was upgraded to insure better utilization of 
generated databases. A Cyber 175 scientific computer was obtained for use in Research and 
Engineering. The CADDS IV graphics software package was obtained for training, develop
ment and evaluation. Electronic computer-aided design was developed. Remote CRT terminals 
and printers were installed at various plants. For use on common programs, a data phone link 
was established between Vought and Boeing's Computervision systems. 

As the CAD/CAM organization began to expand, an applications laboratory was 
established. A program was started with Texas A & M University to develop a direct 
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numerical control system. CAD/CAM system requirement specifications were released and 
data interface matrices were identified. Interface and application engineering program tasks 
were completed. 

Training of users was another responsibility of the CAD System Development group. 
Basic and advanced training courses were established. A modernization of Vought's 
CAD/CAM technology was accomplished. A Dallas-Ft. Worth Computervision Users Group 
was established to provide areas users a forum for the exchange of data. 

CAD/CAM FACILITIES 
Vought's Computergraphics system proposes to use a Computervision Graphics Control 

Processing Unit (CPU) with an 80 mega-byte disk to link together the development lab, quali
ty, logistics, materials, and facilities group. (See Figure l) 

The current system used by manufacturing uses the IBM 3033 computer with one Com
putervision Graphics CPU and six designer stations. (See Figure 2.) This system, located in 
the manufacturing area, will be expanded to use two Computervision Graphics CPUs with 
eleven designer stations (See Figure 3). 

The current system used by engineering uses the CDC 175 computer with three Com
putervision Graphics CPUs and sixteen designer stations (See Figure 4). Five of these stations 
are located remotely, in individual design areas, for better utilization. The computer graphics 
system will be expanded to use a mainframe computer as a control computer host. Five Com: 
putervision Graphics CPUs will operate a total of thirty-one designer stations (See Figure 5). 
To obtain full utilization of Vought's CAD/CAM capabilities, groups such as structures; elec
tronics, systems design, and the computer department would be linked together thru a main
frame computer to provide complete analysis and design support capabilities (See Figure 6). 

CAD/CAM INTERIM PROCEDURES 
To coordinate the work of different users areas, the CAD System Development group 

developed CAD/CAM interim operating procedures governing different areas of computer 
graphics work. These areas include computer operations, facilities provisioning, software sup
port, software development and applications. Each of these areas has a number of procedures <fl, 
that apply to various aspects of the work. For instance, in the applications area, procedures 
have been written for the following: 

• Data organization for ICG part database 
• Standard item libraries for ICG system 
• Technical data library 
• Systems records accounting 
• User training 
• Handling of computer generated classified data 
• NCDM drawing generated from ICG data 
• CAD data preparation 
• CAD data release 
• CAD data revision 
• Data configuration and control 

Each procedure is written to define specifically the responsibility of various groups or 
personnel. A collation of released procedures is provided for each work area.'" 

AIRCRAFT CONTOUR LINES 
In January 1981, Vought began development of a composite access panel that would be a 

replaceable part for an existing metal panel. Being a replaceable part, existing contour lines 
had to be maintained. However, a new tool was required that would mold the composite to 
this contour. This new tool was to be machined on a five axis milling machine that operated 
by numerical control. To utilize computer graphics, the existing lines were obtained from the 
master drawing to create a three dimensional model. The existing lines were actually portions 
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of conics with varying rho values, shoulder points, and end points. At each station, the rho 
value was computed and the shoulder point and end point coordinates were determined. This 
data was inserted in a 3-D format by assigning each station a certain depth. By viewing the 
generated 3-D model on end, a body stack was then visible (See Figure 7). Plots made of this 
body stack verified a perfect match to the existing master lines. Section cuts at various angles 
along the body stack were used to verify that the model surface matched the existing lines. 

Once the body stack and section cuts were properly labeled, a 2-D master drawing was 
generated on a Gerber plotter using ink on mylar. The 3-D model was transferred on magnetic 
tape to the manufacturing area where it is being used to prepare the numerical control tapes 
that will machine the new tool. Further utilization of CADDS on this program was not at
tempted because of the small scope of the program. 

BULKHEAD FITTING 
In aircraft design, complex fittings that could transfer loads from one portion of the air

frame to another had to be designed to join large components together. One example was this 
bulkhead fitting (See Figure 8). This fitting attached the vertical tail to the aft fuselage. 
Manufacturing was to machine this fitting from stock aluminum on a multi-axis milling 
machine run by numerical control. The design was done on CADDS to allow manufacturing 
to use the database in creating the numerical control tapes. The fitting was constructed in 3-D 
and was designed while maintaining close coordination with the designers w_orking on the at
taching bulkhead. At the time, this fitting was designed at a work station located in a control 
area near the CPUs. The designer working on the bulkhead was located in another building. 
While close coordination was maintained, at times it was awkward and inefficient. This even
tually led to locating some terminals remote from the CPUs and in the actual design areas. 

Once the 3-D model was completed, two views were dimensioned and labeled to p·roduce 
a drawing. The 3-D model database was transferred to manufacturing where numerical con
trol tapes were developed. The fitting was then machined and installed on the aft fuselage. 

AIRFOIL TEST FIXTURE 
,, CADDS was used in a program to design and build a reusable airfoil holder as part of a 
~est fixture. The airfoil holder was made of composite materials and was composed of three 
main pieces. These pieces were a left hand block, a right hand block, and a collar. The three 
dimensional model that was created shows how these pieces are assembled (See Figure 9). The 
left hand and right hand block fit together over the airfoil blade to hold it in place. A small 
gap between the blocks assures positive clamping force on the blade. To complete the 
assembly a collar is pressed over the circular bottom portions of the blocks. This collar is held 
in place by tapered pins driven in between the collar and the blocks. 

Once the 3-D model was completed, different views of the model were used to create a 
2-D dimensioned drawing (See Figure 10). The collar, pins, and each block were detail dimen
sioned to allow machining from a solid block of composite material. 

CONCLUSIONS 
At Vought, the task of introducing a computer graphics system into the design process is 

being accomplished in a timely and efficient manner. The CAD System Development group is 
responsible for the development of CAD/CAM capabilities. Standard procedures are being 
written to organize and control data generation, storage, revision, and distribution. 

In order to apply CADDS to best advantage, 3-D models should be used to produce 2-D 
drawings where 3-D databases can be utilized by manufacturing to produce numerical control 
tapes. Both dimensioned and undimensioned drawings can be produced from 3-D models. 
Commitments by Manufacturing to utilize the generated database in the fabrication of a part 
helps to substantiate the utilization of CADDS. 
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PRODUCTIVITY RISK ANALYSIS AND RETURN 
ON INVESTMENT FOR INTEGRATED CAD/CAM 

PROJECTS-A METHOD AND EXAMPLE 

ABSTRACT 

Henry Jacobson 
Bruce Ziegler 

Boeing Aerospace Company 
P.O. Box 3999 

MIS 44-08 
Seattle, WA 98124 

206-655-7040 

A quantitative method to predict Integrated CAD/CAM Systems "performance 
measures,, in terms of Productivity Ratios (PR) and Return on Investment (ROI) with 
associated risk levels is presented. Risk levels for estimated Productivity Ratios (PR) are 
generated using. a "Risk Assessment,, computer program which "fits'' probability distribu
tions through a set of input parameters. The Productivity Ratio distributions are 
mathematic~ly related to savings and the computer program is used again to generate 
distributions· for annual dollar savings from the CAD/CAM System. Finally, expected annual 
savings over the depreciable life of the equipment are used to compute the Internal Rate of 
Return (IRR) of the capital investment required to implement the System. 

Key considerations for using the method to evaluate proposed Integrated CAD/CAM 
projects are identified. 

INTRODUCTION 
Prediction of "performance'' is of primary importance for future success. "Performance 

measures'' for CAD/CAM projects are needed so that the required capital investments may 
be compared to alternative uses of the capital. 

Like other capital investments, the evaluation and justification of Integrated CAD/CAM 
projects is subject to two sets of interrelated "performance measures.,, The first set comprises 
technical "performance measures" which involve the analysis of the improvements to the per
formance of certain functions that Integrated CAD/CAM can protide. The second set com
prises financial "performance measures,, which involve an analysis to determine if the capital 
investment that is required to emplace the technological improvements can provide an ade
quate rate of return. 

Investments in Integrated CAD/CAM projects differ in several respects from more 
typical capital investments such as buying N/C machine tools, process control equipment, 
material handling equipment, etc. These differences involve the following factors: 
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• Significant uncertainty in estimating "a priori" the magnitude of the technical im
provements. 

• Long learning curve "effects" to achieve system usage proficiency. . 
• Time span required for the organization to absorb the modifications and adaptations 

that must be made, because the effects of Integrated CAD/CAM cross functional and 
organizational boundaries. 

• The economic benefits of Integrated CAD/CAM Systems increase substantially over 
time, as experience is gained. 

•CAD/CAM Systems are typically an aggregate of ICG and other systems which makes 
finite measurements of any one specific area difficult. 

The method for dealing with the "performance measures" and determining a return on 
investment (ROI) over a range of risk levels is described below. It is an attempt to deal ex
plicitly with those unique factors associated with Integrated CAD/CAM projects. 

The numerical data cited in this paper are intended for illustrative purposes only and are 
not necessarily representative of a specific Boeing project. 

PROBLEM SCOPE 
The decision to invest or not to invest requires judgment on the part of Management. 

Judgment is typically based on predictions of "performance measures" provided by experts. 
Most predictions are obtained either by single-valued analysis; or, alternatively, a range of 
performance predictions is obtained by "best case," "worst case," and "average case" 
analysis. Either method is subject to strong criticism. The possibility that the elements in com
plex systems like integrated CAD/CAM will combine to attain "best case," "worst case" or 
"average case" performance is remote. These methods reveal little about the potential 
variability of system performance. What is needed is a method that allows Management to 
base its decisions on predictions for System performance ~levels consistent with acceptable risk 
levels. 

The method presented in this paper meets the criteria of relating a range of performance 
levels, expressed in terms of Productivity Ratios and Return On Investment, to risk levels, ex
pressed in terms of Probability of Achievement. 

The example that follows traces the ROI analysis, at different risk levels, for the capital 
investment required to install a number of Computervision ICG Systems. The ICG Systems 
installed in Engineering are coupled by telecommunications links to ICG Systems installed in 
Manufacturing to form a "full-thread" integrated CAD/CAM System. The System,s.are used 
to support Engineering Design/ Analysis and Manufacturing Engineering activities. 

The case illustrated requires a capital outlay of $2,686,000, which includes the ICG 
Systems costs and associated facilities. 

DEFINITIONS 
In addition to the productivity gains realized through use of the systems, the outputs 

from CAD/CAM systems provide technical improvements to other activities; for example, the 
quality of N/C medias generated on Interactive Graphics can markedly reduce the "tape 
tryout" time on N/C equipment in the shop. 

Benefits are defined as the technical improvements to a set of activities that are possible 
by the emplacement of CAD/CAM Systems. For clarity, two categories of benefits are de
fined in the analysis that follows: 
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1. DIRECT BENEFITS result from using CAD/CAM to improve the performance of 
specific tasks. Examples of activities that provide Direct Benefits are: 

• Automated Drafting 
• Cutter path generation for N/C 
• "Fit" checking for Assemblies 
• Engineering Design/Analysis applications (e.g., Finite Element Modelling, 

Tubend Analysis, Computer Nesting, etc.) 



2. INDIRECT BENEFITS result from using the outputs from CAD/CAM Systems to 
improve the performance of other activities. Examples of activities that provide Indirect 
Benefits are: 

• N/C Tape Tryout Time reductions 
• Re-creation of Engineering Data in Manufacturing Engineering 
• Fewer unplanned Manufacturing revision requests 
•Computer Output Microfilm (COM) 
•Quality Assurance N/C medias 
• Mechanized parts lists generation 
• Simpler and faster interfaces between Engineering Design and Engineering 

Analysis. 

EQUATIONS 
The Productivity Ratio estimates, combined with estimates for hourly man-hour rates, 

terminal work station hourly rates, and savings from using outputs of CAD/CAM Systems 
are used to compute annual dollar savings versus probability of achievement for the 7 year 
depreciable life of the system. The discount rate at which the annual dollar savings stream 
equals the required capital investment outlay to implement the system (Internal Rate of 
Return) is then computed as the measure for Return On Investment (ROI). Computer pro
grams are used to perform the computations and plot results. 

1. Total Benefits = Direct Benefits + Indirect Benefits 
= (Manual Costs - CAD/CAM Costs)+ Indirect Benefits 

Total Benefits may be in terms of $ Savings: 
Manual costs CAD/CAM costs 

2. Savings ~ [ H;;;':R;;,-~] + $ Indirect Benefits 

Direct Benefits 
Where: 

Hm = # of hours to perform activity manually 
Rm = manhour rate ($/hr.) 
He = # of hours to perform activity with CAD/CAM 
Rt = CAD/CAM terminal rate ($/hr.) 

3. Productivity Ratio (PR) is defined as: 

PR = Hm; He = Hm 
He PR 

Substitute He in (2.) with He value under (3.); 

4. $ savings = Hm .Rm - (Rt+ Rm)·~~ + $ Indirect Benefits 

By using the equations above, the risk analysis described in the next Section is made. The 
elimination of He from the equations, permits the $ savings and risk analysis to be performed 
using estimates for Productivity Ratios (PR), manual hours (Hm), manhour rates (Hm) and 
terminal hourly rate (R1). Estimates are obtained from personnel who have both broad func
tional experience and familiarity with CAD/CAM. 
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COMPUTER RISK ANALYSIS 
A computer program is used to perform a two stage risk analysis of the benefits. In the 

first stage, the estimated Productivity Ratios (PR) are subjected to a risk analysis. In the sec
ond stage, the $ savings as defined in equation 4. of the previous section are analyzed for 
risk. · 

The PR risk analysis begins by obtaining yearly estimates for the four parameters il
lustrated in Figure 1. The computer program treats the PR as random variables and generates 
a BETA probability distribution "curve fit" for the PR's, using the four parameters as pro
gram input. Output from the computer program includes the "probability density" distribu
tions and the "cumulative probability" distributions. The cumulative distributions are il
lustrated in Figure 2. As an example, points on Figure 2 are read as follows: The probability 
that the PR in 1981 will be at least 2.0:1 is 70Jo; the probability that the PR in 1982 will be at 
least 2.0:1 is 560Jo; the probability that the PR in 1983'will be at least 2.0:1 is 950Jo. Other 
points on the curve8 are read in a similar manner. It is assumed that the PR's for the 
CAD/CAM applications under consideration here reach "maturity" in the years after 1983. 

In the second stage of the risk analysis, the computer program uses the calculated PR's 
from stage one, and equation 4 to calculate$ savings at each "risk level" (probability of 
achievement). The cumulative distributions for $savings for each year of the analysis are il
lustrated in Figures 3 & 4. Figure 3 are DIRECT Savings only (see DEFINITIONS Section). 
Figure 4 are cumulative DIRECT and INDIRECT Savings. As an example, points on Figure 4 
are read as follows: The probability that the $savings will be at least $1.4 MM in each of the 
years 1981-1987 is: 

0.0 in 1981' (no chance) 
0.48 in 1982 (480Jo) 
0.49 in 1983 (490Jo) 
0.999 in 1984-1987 (almost certain) 

BREAKEVEN ANALYSIS 
Breakeven means the point at which the manual costs equal the CAD/CAM costs. It is 

important to know the breakeven Productivity Ratio (PR), in order to determine what the re
quired PR is for the CAD/CAM System to be cost effective. Equation 4 in the previous sec
tion is solved for the breakeven PR. Set $ Savings = O; Set $ Indirect Benefits= O; then solve 
equation 4 for PR. 

PR (Breakeven) =Rt+ Rm 
Rm 

Figures 5 and 6 present breakeven PR's for the years 1981-1987 at estimated Engineering 
man-hour rates (Rm) and terminal hour rates (Rt). The likelihood of achieving at least the 
breakeven PR may be determined from Figure 2. The likelihood of achieving PR of 1.8 in 
1981 is approximately 160Jo. The likelihood of achieving the required breakeven PR in 1982 is 
830Jo and in the succeeding years (1983-1987) is virtually lOOOJo. The breakeven points are the 
0.0 $Savings on the curves in Figures 3 and 4. , 

RETURN ON INVESTMENT CALCULATIONS 
The Internal Rate of Return is defined as the discount rate (r) at which the Net Present 

Value equals zero (0) in the formula below; it is the rate at which the net dollar inflows (tak
ing into account the time value of money) exactly equal the initial investment outlay. 

n 
O =NET PRESENT VALUE= L $ Savin~S(i) - Capital OutlaY(O) 

i = 1 (1 + r)l 

A computer program is used to calculate the Internal Rate of Return for selected· points 
from Figures 3 and 4. The annual $ savings flow and the calculated rates are shown in Figures 
7 and 8. 
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CAD/CAM PRODUCTIVITY RATIO ESTIMATES 

1981 1982 1983 1984 1985 1986 1987 

PR LOWEST .9:1 1.2:1 1.6:1 

PR HIGHEST 3:1 3:1 4:1 ...,. 

PR MOST LIKELY 1.3:1 2:1 2.5:1 

MOST PROBABLE PR RANGE 
THAT EXPRESSES 80% 1:1to1.8:1 1.5:1 to 2:3 1.8:1 to 2.8:1 ~ 

CONFIDENCE IN MOST 
LIKELY 

Figure 1 
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DIRECT AND INDIRECT BENEFITS 
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Figure 4 

DIRECT BENEFITS ANALYSIS 

MX FSED BREAKEVEN PRODUCTIVITY RATIOS (PR) 

YEAR 1981 1982 1983 

ENG. MAN-HOUR RATE (Rm) 53.00 57.00 65.00 

TERMINAL HOUR RATE (Rt) 42.00 41.00 39.00 

BREAKEVEN PRODUCTIVITY RATIO (Pr) 1.8 1.7 1.6 

Figure 5 
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BREAKEVEN PRODUCTIVITY RATIOS 1984-1987 

YEAR 

ENG. MAN-HOUR RATE (Rm) 

TERMINAL HOUR RATE (Rt) 

BREAKEVEN PRODUCTIVITY RATIO (Pr) 

1984 

75.00 

37.00 

1.5 

1985 

82.00 

35.00 

1.4 

% confidence 1981 

10 72,000. 

50 -436,000. 

90 -866,000. 

% confidence 1981 

10 72,000. 

50 ·436,000. 

90 ·866,000. 

CONCLUSIONS 

Figure 6 

DIRECT.BENEFITS ONLY 
.. <j., ,.,,. ~ ,.,,, 

GROSS $ SAVINGS 

1982 1983 1984 1985 1986 

1,417,000. 1,245,000. 2,310,000. 2,650,000. 3,020,000. 

711,000. 972,000. 1,860,000. 2,170,000. 2,510,000. 

·272,000. 592,000. 1,270,000. 1,540,000. 1,840,000. 

CAPITAL OUTLAY REQUIRED IS $2,686,000. 

1982 

2,081,000. 

1,378,000. 

376,000. 

Figure 7 

DIRECT AND INDIRECT BENEFITS 

GROSS $ SAVINGS 

1983 1984 1985 1986 

1,697,000. 3,320,000. 3,710,000. 4,130,000. 

1,413,000. 2,870,000. 3,220,000. 3,620,000. 

1,045,000. 2,270,000. 2,§90,000. 2,950,000. 

CAPITAL OUTLAY REQUIRED IS $2,686,000. 

Figure 8 

1986 

90.00 

33.00 

1.4 

1987 

3,420,000. 

2,900,000. 

2,180,000. 

1987 

4,590,000 .. 

4,060,000. 

3,380,000. 

1987 

99.00 

31.00 

1.3 

% Internal Rate 
of Return 

(ROI) 

44;5 

30.6 

14.0 

% Internal Rate 
of Return 

(ROI) 

57.8 

44.7 

29.9 

Productivity Ratio (manual hours/CAD/CAM hours) to perform a set of given tasks is 
typically used in the industry as the technical "performance measure" for CAD/CAM 
Systems. Except for a few specific applications such as automated drafting, the achievable 
productivity ratios are subject to significant uncertainty. 

Integrated CAD/CAM System projects are strategic long term investments. Simple 
payback calculations will typically not justify the required capital investments, because long 
"learning curve" effects limit benefits that can be achieved in the short run. The relatively 
long "learning curve" effects occur from two causes: 

• The time required to develop system usage proficiency. 
• The time required to incorporate the organizational adaptations that must be made to 

make integrated CAD/CAM applications operational. ~ 

System throughput capacities often limit the magnitude of the DIRECT benefits that can 
be achieved. Therefore, it is essential to identify and measure both DIRECT and INDIREGI' 
benefits that result from integrated CAD/CAM Systems. 

Return on Investment (ROI) evaluations must· take into account all relevant cash flows 
over the depreciable life of the System. The ROI calculation method should include the "time 
value of money,'' as described in the previous RO I section of this paper. 
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SAVINGS DEVELOPMENT AND JUSTIFICATION 
FOR THE PURCHASE OF A COMPUTERVISION 

CADDS 3 SYSTEM FOR A CAD/CAM 
APPLICATION 

ABSTRACT 

By George D. Cook 
Manager, Tool Engineering and Services 

(716) 422-4452 
Xerox Corporation 

North American Manufacturing Division 
800 Phillips Rd. Bldg 207A 
Webster, New York 14580 

(716) 422-4452 

This paper shows a method that can be followed to develop the cost justification for the 
purchase of a Computervision system for a CAD/CAM application. It includes the develop
ment of the return on investment, net present value, and pay-back years for the investment. 
Detail calculations are included in the appendix that show the source of the figures used in the 
summary data of the report. 

INTRODUCTION 
We are faced with rapidly growing and highly competitive industrial products that are 

emanating from Japan, which are already challenging and surpassing the American product 
quality and cost. If we are to meet this challenge, we must become more productive through 
the maximization of capital equipment. This leads to a need for a clear and concise manner of 
presenting information to top management for the purchase of capital equipment to provide 
the increased productivity capability. The purpose of this report is to provide a systematic ap
proach for presenting the problem to management with alternatives and a recommended 
solution. 
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DISCUSSION 
A format was developed to cover the key factors for requesting capital dollars in support 

of a new or expanded project. These factors are as follows: 

• Problem 
• Alternative 
• Solution 
• Benefits 

-Economic 
- Noneconomic 

• Risks and assumptions 

PROBLEM 
The statement of the problem should be clear and concise, with enough supportive infor

mation to answer the most likely questions the capital approval committee might ask. It is 
very simil~ to a resume in that the written information must sell the readers on accepting 
your problem and want to help to correct it. Keep in mind that the capital approval commit
tee is receiving many requests for capital expenditures from various areas in the company and 
must rank these requests from most important to least important in order to operate within 
the annual available capital funds. Therefore, it is important to you to show the relationship 
of your problem to the major objectives of your division or company that will help to sell 
your project. • 

Page 1 of the capital approval request (CAR) shows a typical format used to present the 
problem, which is covered in six specific statements. Note the first statement relates the prob
lem with one of the division's objectives, which is to reduce the people required to perform 
the same amount of work and make them available to fill new openings in the division. 

The second statement provides an overall view of Computer Graphics as it relates to your 
business and industry. 

The third statement defines the initial Computer Graphics system and the areas of ap
plication to show the base operation from which the growth will take place. 

The fourth statement describes the system expansion for obtaining maximum utilization 
in the drive for more productivity. . 

The fifth statement describes the test approach for determining speed degradation with 
the variable job mix used on this system to develop proper system size for meeting a minimum 
40 percent return on investment. 

The sixth statement describes the test results in terms of the recommended system changes 
that meet the financial buy criteria and the equipment required to solve the problem. 

Page 2 of the CAR shows the seventh through ninth statements, which tell the capital 
review committee how the incremental savings will be obtained. 

ALTERNATIVES 
The approach here, as shown on Page 3 of the CAR, is to state the dollar loss caused by 

the system operating at a slower speed that lowers the expected return on investment below 
minimum requirement. The only alternative you have, in this case, is to operate with less sav
ings, since the equipment is presently owned, or change the system to meet the financial re
quirement. 

SOLUTION 
The alternatives are examined objectively, analyzing the advantages and disadvantages as 

appropriate to the problem. Then, based on the overall review of the alternatives, a solution is 
presented that best meets the requirements for solving the problem. If you can relate your 
solution to not only solving your problem, but also to enhancing your ability to help improve 
other areas of the company, your chances of obtaining approval will be greater. · 
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BENEFITS , 
The key factors to present for the economic benefits are the return on investment, net 

present value, and pay-back years. These are computed using standard financial formulas on a 
business computer, with the detail run shown in the appendix. A clarifying statement was used 
here to explain what was included in the cost figures since this was expanding a prior pur
chased system. 

The noneconomic benefits cover those areas which are extremely difficult to quantify 
financially, but still represent improvement in company operations. In this particular case, we 
will be able to communicate with product engineering electronically for transmitting engineer
ing drawings. 

We have included the savings summary, which includes actual savings from the existing 
system, plus the projected savings from expanding the system for the total period over which 
the equipment will be depreciated. This provides the capital review committee with an easy 
way to see how the savings are obtained. 

RISKS AND ASSUMPTIONS 
All possible risks to the investment are reviewed in arriving at a decision. In this' case, the 

system performance can be improved by software updates and the computer power obtained 
by add-on modules. It is assumed that the business will grow over the next five years pro
viding the savings opportunity. 

FINANCIAL DEVELOPMENT 
The savings justification was developed from five types of work activities performed on 

the graphics system, which are represented by four categories - tool design, N/C savings, 
plant layout, and tool build. 

Tool design includes machining fixtures, product assembly tools, and the design of com
puter based test equipment for the product assembly line. 

The savings claimed for these activities are based on the increased productivity of the 
designers working on two shifts versus the drafting board. The detail calculations are shown 
in the appendix, where the productivity factors for electrical and mechanical design are given 
for the five years over which the equipment will be depreciated. The dollar savings are based 
on the reduction in contract designers by the increased output from the full-time employed 
tool designers. The man-year hours are first adjusted down 15 percent for holidays, break 
period, and engineering interface. Then, the hours are adjusted down 15 percent for develop
ment; downtime utilized to create better terminal usage. The total saved hours for each year 
are then adjusted down using the "five station degradation rate," which takes into account 
the speed loss of the system due to five terminals operating instead of four terminals. This 
corrective factor is presented in the paper titled "Speed Degradation Testing and Evaluation 
of a Computervision COOS 100/10 Multiterminal System," by B. Burnett, during this same 
international meeting. We have used a conservative approach on the savings, which helps to 
sell the project to the financial review group. 

The N/C savings are developed from the hours saved by utilizing Computer Graphics 
instead of the manual method. The reliability in tape accuracy from graphics has further 
reduced tool tryout on the factory floor. The estimated N/C workload, based on future new 
products, was used to develop the savings in this activity. 

The plant layout activity savings were based on the reduction of one layout engineer due 
to the speed and versatility of interactive graphics in this area. 

The tool build savings were provided by the reduction in cost to build wire wrap circuit 
boards by utilizing our post-processor run on the CV system to create the N/C tapes for driv
ing a semi automatic wire wrap machine. In a like manner, we create.N/C tapes to drive the 
wire EDM machine in the tool room for making punches and dies, as well as repair parts. 
Now, 85 percent of our chart gages are produced utilizing graphics, as well as special CAM 
~~~. . 

In the appendix, there are four pages that show the calculations for developing the return 
on investment, net present value, and pay-back years for the three investments that will pro
vide the final system. This system will consist of two computer driving five design terminals 
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each versus eight terminals operating from a single computer. The dollar savings summary 
shown on Page 5 of the CAR has lower values than the number shown to compute the return 
on investment. Since this is a combined CAR covering two prior purchases, plus the new in
vestment, you must add in the dollars saved in 1980 to the five-year total and allow 10 percent 
growth in each year's savings to account for inflation. The result of the return on investment 
calculations provide an acceptable 41.3 percent, thus meeting management's requirement to 
purchase the system. 
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CAPITAL ASSET REQUEST 

OATE 

01/05/81 
PROGRAM NAM£ PROGRAM ~UMBER 

Computer Graphics--Tool Engineering and Services 

PROVIDE ANO REFERENCE EXHIBITS (CHARTS OR GRAPHS) TO ILLUSTRATE ANY ASPECT OF REQUEST 

WHICH WILL SUPPORT THE REASONING PRESENTED. 

TYPE OF JUSTIFICATION: 

Ci] ECONOMICS D 

D SAFETY D 

D PROGRAM (Un;qu• - CrHical) x 

REPLAC!MENT (Mandatory) 

VOLUME (5xpans;on) 

NEW TECHNOLOGY 

D 

D 

QUALITY 

PROPRIETARY 

A. PROBLEM: Expla;n !::.!!.l'. why this request is necessciry. Present condihons to support this need. 

CHECK ONE: 

[i] BUDGETED 

D MON•BUDGETED 

Manufacturing·in Xer9x is being driven as never before to increase quality and productivity 
in a cost-effective manner. An enab 1 ing strategy to increase productivity and attain 
manpower reductions equal to 1:1 ratio objectives is increased utilization of Computer 
Graphics. 

Computer Graphics is an increasingly sophisticated system integrating technical manpower 
with the power of a computer to improve the design and manufacturing processes. New 
applications for the process called CAD/CAM are being discovered daily, and it is enjoying 
unprecedented growth and acceptance in industry. 

Tool Engineering, CMO, had the foresight of this coming revolution and entered the world of 
CAD/CAM in 1979. The initial configuration of the system included four designer terminals 
incorporating the disciplines of electrical tool design, mechanical tool design, sheet 
metal fabrication (N/C), and Plant layout. 

Based on system configuration data of other leading Computer Graphics users and an objec
tive to maximize productivity, a plan was made to expand the Tool En"gineering installation. 
During 1980, a fifth terminal was added for Division Plant Engineering and three additional 
terminals were added to increase volumes of tool design. 

Since no statistical data was available to determine the system response time impact of 
eight stations, it was necessary to "load up" our first system and do comprehensive testing 
to measure speed or response time degradation. Using projected productivity savings, Tool 
Engineering was able to determine return on investment impact of speed degradation and 
measure the optimum number of terminals per mini-computer. 

Based on the data collected, a decision was made to plan two 5 station systems with two 
mini-computers and achieve maximum utilization while maintaining an attractive return on 
investment. In view of the productivity experience to date and statistical data collected, 
Tool Engineering reconmends the purchase of one mini-computer and two designer terminals. 
The incremental savings will be realized through the following applications. 

F':Jrm. 34731 ~9/7ll ?:'~nted. ~n U.S.A. 

I 
I 

I 
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A. Problem (continued) 

Electrical Test Eguipnent Design 

' In~eractive graphics can be used to both design·and document printed circuit boards and 
wire wrap boards. It can also be used to generate schematic diagrams and design the 
mechanical aspects of the test equipment. Thus, speed and efficiency of the computer 
enables us to realize a significant savings. A good designer should ,.each a produc
tivity level of 3:1. 

Mechanical Tool Design 

Interactive graphics can be used to both design and document mechan i ca 1 machine too 1 s 
and fixtures. "Visual aid" of the tool on ·the system prior to actual build a1 lows the 
designer more creativity while reducing design time. A good designer should reach a 
productivity level of 2:1. 

N/C Tape Creation 

The men i a 1 and time-cons1111i ng task i nvo 1 ved in part 1 ayout and cutter too 1 path 
calculation are eliminated with interactive graphics. The engineer is able to display 
the cutter in motion, ensuring no debug time wasted on the floor. The engineer w"ill 
improve his productivity by 25 hours per part based on actual experience to date. 

B. Al. iERNA,ii\'.ES: Explain~ courses al action available {i.e. buy vs. make, lease vs. purchase, add shift vs. overtime). 

l. Continue to operate with existing eight station system, with known speed d~gradation 
problems documented through extensive testing. This would result in the expected ROI 
of 41.3 percent to drop to 24.3 percent. Thus, the available savings of $1,456.0K will 
be lost over the ensuing five-year period • 

• 
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C. SOLUTION: Olscuu each aifemativ• ~r•serued obiecfively, advantages ond disadvantages of 0<1CM. 

1. 

"Hhy is proposed c:our'Se oi cctioft most bet•utfleiaL 

This alternative is not reconmended based on a very detailed speed degradation study, 
which illustrates productivity loss and represents a negative impact on previous 
investments. 

The purchase of an additional CEP100 mini-computer and two design stations will enable 
Tool Engineering to reconfigure Computer Graphics into two 5 station systems and attain 
productivity levels which justify the additional investment. The additional purchase 
will allow us to expand our N/C application in Fabrication and continue to realize 
productivity improvements in Manufacturing's first CAD/CAM endeavo:; 

Additional new applications will be explored to improve productivity in Manufacturing 
and Tool Design. 

D. BENEFITS: Expla1n •conomic ond nott ·•concm1c impac:t ~i request. Groohs, ~he1rts, and sxhtbtts should be suoQlieci to 
1 llustrate ro:ticnafe. 

Economic: EHecr on o::::sh flow - lnvestmenf rsn.1,,., - Cash ?O:ybadc.. 

Non•E:onomic: Ma11'HQ1nin9 ~uality sr.~s. - protecrion of proprierary rtghrs - safety - 1Heventin9 ,orociuc:tion d•lay'S -

Economic 

Return on investment percent. 41. 3% 

Net present worth at 20 per~ent. $411.8 

Pay back. 3.4 Years 

Thi~ 7stimate is based. on an additional outlay of capital for a CGP100 mini-c;mputer, two 
add, ti ona 1 design stat 1 ans, and supporting equ i pnent. The return on investment is based on 
expenditure for the new equipment, combined with the capital costs of the original CAR and 
the costs for the CAR for three additional stations. Previously stated expense costs and 
new additional expense costs are also included in the calculation of return on investment. 
Combined capital and expense costs are compared with total savings generated from the new 
ten station system configuration. 
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BENEFITS (Can't) 

Noneconomic 

The Computer Graphics installation has proved the value of Versatec Plotters used with 
Computer Graphics equipment providing a net potential for sales increase for Versatec 
Corporation. Components included with this CAR will provide the capability to conrnunicate 
across the site with the RTG MOGS network system for electronic transmission of part 
designs to manufacturing. This will help to further enable productivity gains in our 
operati ens. Computer Graphics has the interface potential with computer-aided process 
creation. 

Tool Design 
N/C Savings 
Plant Layout 
Tool Bui1d 

..Ia:tal ..5all.i.n.os 

1980 
$19,200 
22,100 
10,800 
25,900 

1981 
$324,203 

7,600 
40,000 

118,600 

Savings 
1982 

$423,883 
21,200 
40,000 

118,600 

"' 

Sunmarx . 
., .. ~ 1984 1985 Total 
$454,535 $510,643 $510,643 $2,243,107 

27 ,600 72,400 15 ,600 166 '500 
40,000 40,000 40,000 210,800 

118,600 118,600 118,600 618 2900 
j_3_._239._ 307 

E. RISKS ANO ASSUMPTrQNS: Indicate the possible rislcs which might occur if the solution is adapted (i.e. Design change could 
effect obsalescence; Technical changes could reduce asset life; Proposed method might be 
radical increasing failure possibility. 

Equipment obsolescence is minimized since the vendor purchase price includes software 
up~~e. ~ 

Hardware upgrades in the mini-computer can be accomplished with additional electronic 
boards far specific application and addition or subtraction of memory to suit system 
configuration. 
It is assumed that new product/accessories will continue to provide about the same, or 
increased, vol1.me of business over the next five years. 

F. APPROVAL SIGNATURES ANO OATES: 

CAR OR:OlN.Ai·~Fl ... F' .. 'IOVAI.. A001 "rl0NAI.. AF',.'IOV A 1.. 
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APPENDIX 

Computer. Graphics 
Tool Engineering 

Tool Design Productivity 

Based on 14 Terminal Shifts 
Computed at Five Station Degradation Rate of .869 

Electrical 

Mechanical 

Design Hours Saved 
Heads Saved 
Dollar Rate 
Dollars Saved 

First 
Year 

2.0/2.5 
2.25 

1.5/1.8 
1.65 
17,716 

10.4 
18.30 

$324,203 

Total Five-Year Savings= $2,223,907 

Second Third 
Year Year 
2.7 2.9 

1.8 1.8 

23,163 24,838 
13.6 14.6 
18.30 18.30 

$423,883 $454,535 

Computer Graphics 
Tool Engineering 

Tool Design 

Fourth 
Year 
3.0 

2.0 

27,904 
16.4 
18.30 

$510,643 

Fifth 
Year 
3.0 

2.0 

27,904 
16 
18 

$510,643 

Productivity Calculation: 250 Days x 8 Hours=2,000 x .85 (Productive)=1,700 Hours 
1, 700 x .85 (Development-Downtime)= 1,445 

Assumptions: 
(Two Shifts) 

1 Man-Year= 1,445 Hours 
Dollar Rate = $18.30 Per Hour= 1981 Contract Design Rate 

7 terminals = 2shifts=14 shifts (6 shifts electrical - 8 shifts mechanical) 

First Year Productivity Rate 
Electrical = 1,445 x 2.25 = 3,251 - 1,445 = 1,806 hours saved 
1,806 hours per terminal x 6 terminal shifts= 10,836 hours saved 
Mechanical = 1,446 x 1.65 = 2,384 - 1,445 = 939 hours saved 
939 hours per terminal x 8 terminal shifts= 7,512 hours saved 

Electrical = 10,836 
Mechanical= 7,512 

18,348 x 

Five Station 
Degradation Rate 

.869 

15,944 + 90=17,716 hours paid 
17,716 x 18.30 hour=$324,203 
17,716 hours + 1,700= 10.4 heads 

= 15,944 hours saved 
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Second Year Productivity Rate 
Electrical= 1,445 x 2. 7 = 3,902 - 1,445 = 2,457 hours saved 
2,457 hours per terminal x 6 terminal shifts= 14,742 hours saved 

Mechanical= 1,445 x 1.8 = 2,601 - 1,445=1,156 hours saved 
1,156 hours per terminal x 8 terminal shiftS=9,248 hours saved 

Electrical= 14,742 
Mechanical= 9,248 

23,990 x 

Five Station 
Degradation Rate 

.869 

20,847 + .90=23,163 hours paid 
23, 163 x 18.30 per hour= $423,883 
23, 163 + 1,700 = 13.6 heads 

Third Year Productivity Rate 

= 20,847 hours saved 

Electrical=1,445 x 2.9=4,191 - 1,445 =2,746 hours saved 
2;746 hours per terminal x 6 terminal shifts= 16,476 hours saved 

Mechanical= 1,445 x 1.8 = 2,601 - 1,445=1,156 hours saved 
1, 156 hours per terminal x 8 terminal shifts= 9,248 hours saved 

Electrical= 16,476 
Mechanical= 9,248. 

25,724 x 

Five Station 
Degradation Rate 

.869 

22,354 + 90 = 24,838 hours paid 
24,838 x 18.30 per hour= $454,535 
24,838 + 1,700=14.6 heads 

Fourth Year Productivity Rate 

= 22,354 hours saved 

Electrical= 1,445 x 3.0 = 4,335 - 1,445 = 2,890 hours saved 
2,890 hours per terminal x 6 terminal shifts= 17,340 hours saved 

Mechanical= 1,445 x 2.0 = 2,890 - 1,445 = 1,445 hours saved 
1,445 hours per terminal x 8 terminal shifts= 11,560 hours saved 

Electrical= 17,340 
Mechanical = 11,560 

28,900 x 

Five Station 
Degradation Rate 

.869 

25, 114 + 90 = 27,904 hours paid 
27,904 x 18.30 per hour= $510,643 
27 ,904 + 1, 700 = 16.4 heads 

Fifth Year Productivity Rate 

=25,114 hours saved 

Electrical = 1,445 x 3.0 = 4,335 - 1,445 = 2,890 hours saved 
2,890 hours per terminal x 6 terminal shifts= 17,340 hours saved 

Mechanical = 1,445 x 2.0 = 2,890 - 1,445 = 1,445 hours saved 
1,445 hours per terminal x 8 terminal shifts= 11,560 hours saved 

Electrical= 17,340 
Mechanical = 11,560 

28,900 x 

Five Station 
Degradation Rate 

.869 

25,114 + 90=27,904 hours paid 
27,904 x 18.30 per hour= $510,643 
27,904 + 1,700=16.4 heads 
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PROOUCT 1 

PRODUCT 2 

PRODUCT 3 

PRODUCT 4 

PRODUCT 5 

PRODUCT 6 

PRODUCi i 

(2) 

NUMERICAL CONTROL SAVINGS 
Based on CMO program summary, projected NC parts over the next five years were 

calculated using the following assumptions. Fifty percent of the parts will be NC sheet metal 
or machining. 

Based on actual experience of Computer Graphics NC tape creation, 13 hours per part 
will be saved· in the tape creation cycle, and seven hours per part in tool tryout. Assuming a 
change rate of two per NC part, an additional five hours per part will be saved. Thus, an 
average savings of 25 hours per part is used to compute savings based on a man-year of 1,920 
hours. Savings are dollarized using a salary plus benefits of $40K per year. 

Total Five-Year Savings $144.4K 

PLANT LAYOUT SAVINGS 
The application of Computer Graphics to Plant Layout provides a productivity improve

ment to the extent that one layout engineer can be reduced. This yields a salary plus benefits · 
savings amounting to $40K per year. 

Total Five-Year Savings $210,800 

llC-CG POTENTIAL SAVINGS 

(BASED ON ESTIMATEO CHO PROGRAM SCHEDULE) 

ll§l. ,llfil. 1983 ~ 191!5 

ll FAS MAKES (EST) 
S NC PARTS 

15 FAS MAKES (EST) 
7 NC PARTS 

68 FAS MAKES (1) 
3' NC PARTS 

8S FAS MAKES ( l) 
44 NC PARTS 

152 FAB Mt.IC[S (1) 
76 NC PARTS 

80 FAS "'ICES (EST) 
40 NC PARTS 

50 FAS 1411K£S ( ESi) 
25 NC PARTS 

20 HOt.RS SAVED 
P:R NC PART 

:2 • 20 • 240 HOt.RS 3' x 20 • 680 llllRS " l 20 • 880 IOUtS 116 a 20 • 2,320 HOlRS 25. 20 • 500 HOURS 

m 
t'HOIRS SAVED 
PER PART CllAllGE 
RATE.~ 2.0 

24 x 5 • 120 HOUtS 68 x 5 • 340 HOIRS BS x S • 440 1111\JRS 232 x S • 1.160 IOI.RS SO x 5 • 250 HOl..RS 
360 IOI.RS l 020 HOU!s l. j20 ICllA5 3 I 48) IC>URS 750 ICllRS 
(4) .B "All/YEAR Jj kAk/Y";.AR .6 RAH/YtAR l.S IWi /YE AR .3§ Milli/YEAR 
(5) S7 ·•" S2l.2K S27 .6K S72.4K SlS. 6K 

TOTA!. • SlA4. 4K ===== 
( l ) SOUR CZ • Oil PROGRAM SUltlARY 

(2) TW£11H HOURS SAVED aJNSISTS ~ 13 HOIJl.S AVERA;£ REDUCTION lN TAPE CREATION AND SEVEN HOIJtS AVERAGE REDUCTION JN Tl!TOUT 

(3) ESTll'Jll!D CHANGE RATE TO LlNE BALANC.:: x Nll'BER NC PARTS - HOlRS SAVED CXlllSISTS OF REDUCED TAPE CREATION AND'TRTOUi 

(4) MAN-YEAR BASED~ l,920 IKIURS PER YEAR 

(5) SAVINGS • !'AN-YEARS • S40K PER Mt.N-YEAR 
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TOOL BUILD SAVINGS 
Fourth quarter savings in 1980 were docum~nted fQr 25.9K. Of ~his savings, approximate

ly 50 percent was in wire wrap build and 50 p~rce~tw,as in.the COll).J)lJ.~r.Graphics wire EDM 
programming. To summarize yearly savings, the' 2S.9K per quarter was expanded to 103.6K 
per year. The 103.6K per year is considered cop.servatjye'sjnce all per$ounel have been in a 
learning curve and in a procedures modificatioµ .Ql9de of o[ieration. The· other build savings 
reference is in chart gages. Of the appr~ate 100 chart 'gages completed annually, 85 will be 
done in Computer Graphics, yielding a build. savings of $175 per job. Thus, a savings of $15K 
per year in chart gages is estimated. · 

Total Five-Year Savings Chart Gage 
Total Five-Year Savings WW/EDM 
Grand Total 

$ 75K 
518K 

$593K 

COMPUTER GRAPHICS 
TOOL ENGINEERING 

INVESTMENT 

Capital 
Original (Actual) $483.3K 

- Associated 
- Ongoing 

Second Three Station CAR (Actual) 147.7K 

- Associated 
- Ongoing 

New Outlay 305.3K 

- Associated 
- Ongoing 

Overhead Included in Return on Investment 
$936.3K 
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Expense 

$ 6&.0K 
196.2K 

15.0K 
147.4K 

5.0K 
85.5K 

192.0K 
$706.1 K 



COM PU'l'ER GIU\Pll I CS - l C .1\. R. COMB IN 1::0 
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4li.e 

PAYBACK .. J:>E~I(JD ___ ..... ··--·-··-··--~---~--------------~--~---¥.~~-~~--------···- ... ·-- ··-···----·-···· ......... -·--·-

·:· ,. ··· .. 

.. 'rl\X Hl\'fES: ___ !)2.~% At.L JEl\RS __________ ~--..:....----~--------···-··--· -·--·-···· -----.-.....----·-···--····----·· 

DISCOUNTING IS DISCRETE 
__ QJ_~<;:Q_l!_~,,-~--~!.r!'.~_s_;_ __ ~h~_L!.\.~~-¥-~~~§ _______________ _ 

INVES'l'HE1iTS ----

TYPE DEPRECIATION 
HE'l'llOD S'l'l\RT LIFE 

______ <;Pl!_.~--~--~'.!'. _____ !?1.$G~ETE ____ _!)_T.~!Hgwr_I,.JN~ _____ _l2~~---~--_¥RS ____ _ 
3 S'l'. CON'l'INUOUS STRAIGll'f LINE 1980 5 YRS 
CPU & .2 s·r:. CON'l'INUOUS S'fRl\IGH'l' LINE 1981 5 YRS 

TO'l'AL AMOUN'r SALVAGE INVES'l'MEN'l' 
, YEAR VALUE TAX CREDIT 

3 ST. 
CPU & 2 s·r. 

CPU ., 4 S'l'. 
3 .s'i.'·~-----······----

cPu & · 2 s•r. 

---··---·49 3 -~j----1904··--- ··7 ~ o --,L 6 7 \ ·---- .. 
147.7 1904 2.2 6.67% 
J ia 5 • 4 19 a 5 . __ . ______ s. ! e 6 • 6J' _ ... . . . . . 

. INFLATION Rl\'l'ES . 
;1980-19U5 10.0\ 

---,i 98 0.:. i 98 5·~f0:·0 ,--
11980-1905 18.0\ 

---- Bl\VlNGS AND REVENUE ----........... - . .. . .. 

TYPE TOTAL AMOUNT 

1'00L OE:SIGN SVG.~-----·· ... CON'l'lNUOUS ............. 3tJ63.~------·---------·-····----····· 
N/C SVCS CONTINUOUS 224.0 
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'l'OOL UUI LU SVGS CON'flHUOUS 02 2. 4 
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~.f0QL __ DE$1G~ ... $VGS ___ J_l ~80'.'.".l 905_lt). P\ 
N/C SVGS 11980-1905 10.0\ 
LAYOUT MNPWR 11900-1985 10.0\ 

. ' 

'l'OOL.BUILI;> SVGS ;1980".".'.1985 __ .10.0\ .... 

.·. '('• . ' 
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'l'YPE TOTAL AMOUNT 
4 S'l'. l\SSOC. DISCRE'l'E 65.0 
4 S'l' • Ml\IN'i'. CON'l'I NlJOUS 254.9 
3 S'l'. ASSOC. CON'l'INUOUS 15.0 
3 S'l' • Ml\lN'l'. CON'l'INUOUS 191.5 
2 s·r. ASSOC. CON'l'INUOUS 5.5 
2 5'1'. Ml\IN'f. 
OVERii~AD 

- - ··--·-·--------···--- ·-· -·- .. ---····· <;:ON.1' lN UOUf?_ !lt,_8 

4 S'l'. ASSOC. 
4 ST. Ml\IN'f. 
3 ST. ASSOC • 

. 3 S'l'. Ml\lN'f • 
2 S'l'. ASSOC. 
2 S'l' • MA l N'f_. 
OVERHEAD 
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CON'I' I NUOUS 

I NFLl\'I'ION ... RJ\'.,l'ES 
11900-1905 .10.0\ 
11900-1985 10.0\ 

246.9 

Jl900-1905 10.0\ ---·---------· ·- --- -·--------·····-· 
11900-1905 10.ff\ 
1198~-1965 10.0\ 
11900-1985 10.0%. -·--·---. - ·-- ·-·--" 
11980-1985 10.0\ 
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INTRODUCTION 
The development of Computer based Design techniques has been, up until now, on a 

piecemeal basis following the specific needs of the developing group or supporting company. 
This process, of devising solutions for particular needs should be recognized as being the 
natural course of development in all engineering situations (as opposed to a science-based ap
proach where general principles would be extracted). The 'target' nature of engineering ac
tivities will thus not follow systematically through the design process by converting each stage 
at a time into a computer based procedure. Development will commence on the areas of 
greatest need or areas of easiest justification. A patchwork of techniques have thus been 
developed, having no common base, but all existing under the general umbrella of 'CAD'. 

THE DESIGN PROCESS 
In order to be able to categorize the existing techniques and to specify new areas of need, 

it is necessary to investigate in some depth the design process itself. Again, the 'target' nature 
·of engineering must be recognized in that the activities included within the process will vary in 
relative weight and order depending on the objectives and targets set to control the company 

· and/or its product. The classical description of the design process is that it is the method 
whereby the conceptual solution of an engineering problem is turned into reality. 

The process is thus assumed to start with the acceptance of a design specification. No 
design can, however, be deemed to be successful unless the objectives have been clearly stated 
at the outset. This definition seems to suggest that the designer takes no part in (or assumes 
no responsibility for) the originiil specification. The design team (and hence the design pro
cess) must however include some participation in the original formulation of the problem 
definition and its constraints. 

Once the need has been established, various approaches can be tested against the pro
posed target. This is usually termed the concept stage in which the ideas are gradually refined, 
to give a single workable solution. As the proposed solutions gradually 'solidify' into a de
fined hardware proposal, the design problems move out of the concept stage and into the 
analysis phase. This transition may not be obvious as the detailed consideration of a number 
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of alternative solutions may be considered as a conceptual investigation whilst the calculation 
· of design parameters for the final design would naturally fall into the analysis section. 

Once the proposed design has become sufficiently firm, the details of the manufacturing 
processes and constraints can be chosen, to tum the proposed solution into reality. This ac-
tivity is usually termed the 'detailing' phase. · 

Whilst the design process can be considered theoretically as a simple linear system con
taining three elements (shown in Fig. 1) in practice it takes on a far more complex format. 
Rarely is one phase completed before another started. Usually differing aspects of the design 
develop at differing speeds. Some areas of the design are hardened down immediately 
(perhaps there is a desire to use an existing component or format) whilst others are allowed to 
float until a very late stage in the complete development of the product ('Last Minute' deci
sions). The non-uniform advance across all the elements can also create confusion in the pro
cess as pictured due to the interdependence of many 6f these elements. Some aspects even 
after final detailing may be forced to return to the analysis (or even the concept) phase in 
order that they can be made compatible or function with all other elements. The process being 
iterative in nature is thus seen to take on the characteristics of both oscillating and cycling 
systems rather than that of a simple linear one. It then becomes confusing to talk simply 
about the 'concept', 'analysis' and 'detailing' phases as these terms tend to suggest the single 
once-only operation rather than the possible large number of iterations. It seems incongruous 
to talk about a concept or analysis activity for a particular element when the major activities 
have reached the detailing stage. It then becomes more appropriate to call them the primary, 
secondary and tertiary phases of design, (as shown in Figure 2). 

e PRIMARY CONCEPT 

e SECONDARY ANALYSIS 

' Ir ., 

G TERTIARY DETAILING 

Figure 1: Theoretical Design Process - Major Classification 
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CATEGORISING EXISTING TECHNIQUES 
If then the existing techniques (or available programs) are categorised under these three 

headings their role within the overall design process becomes apparent. It also helps to clarify 
those areas of design which have been successfully computerised and those areas which have 
been neglected. 

This grouping of techniques within 'CAD/CAM' allow the potential user to choose or 
assemble a system, from all that is available, which will best fit his needs. No longer is it 
necessary for us to all use the same words to mean completely different things. 

The table in Figure 3 gives the broad outline of the classification for electrical, mechani
cal engineering and architecture. 

395 



·.· 

PRIMARY SECONDARY TERTIARY 
CLASS DESIGN DESIGN DESIGN 

TOPIC CAD 1 CAD 2 CAD 3 
(CONCEPTUAL) (ANALYSIS) (MANUFACTURING INFORMATION) 

-'-

LSI & 

ELECTRICAL CIRCUIT PLB 
LAYOUT 

ENGINEERING ANALYSIS 

COMPONENT 
SELECTION 

. 
STRESS DRAFTING 

MECHANICAL (F .E.M.) 
ENGINEERING 

KINEMATIC/ 
MECHANISM 

VIBRATIONS/ NC. TAPE 
DYNAMICS PRODUCTION 

PIPE RUNS 

STRUCTURAL 
ANALYSIS CARTOGRAPHY 

ARCHITECTURE 

PURPOSE/ 
LAYOUT PLANS 

ANALYSIS 

Figure 3: Categorisation of CAD Programs 

TERTIARY DESIGN 
When such a classification is employed it becomes obvious that the majority of work has 

been directed towards the tertiary activities. The main aim of the normal turnkey CAD/CAM 
system is to operate in this region. 

This approach is not surprising as whilst the inputs (in terms of component requirements) 
are varied and numerous the output format is very well defined. These fall into two well 
documented categories of either man-readable instructions or machine-readable instructions. 

Two types of man-readable ctata are prepared; drawings or schedules. The drawings con
tain both pictorial and symbolic representations. Many levels of pictorial description are 
available from the simple two-dimensional representation of the drawing sheet through to the 
full three-dimensional solid body of complex shape. The correct level of representation can 
then be chosen to fit the needs of the particular work in hand. The type of drawing (or 
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'language' used) again depends upon the particular application. The rules of presentation and 
representation change depending whether the output is an electrical diagram, engineering 
drawing or site plan. The techniques employed for the geometric representation of three
dimensional bodies varies as does the methods storing and retrieving the data. These again 
must be chosen to match the needs. (The construction of solids for interference analysis im
poses quite different geometric constraints to those for the construction of isometric (or 
perspective) pictorials). 

Whilst the production of numerically controlled tapes for production is usually separated 
off as 'CAM' it is really the machine readable part of the tertiary design phase. The decision 
to instruct a machine to automatically produce an item rather than produce a pictorial 
representation takes the designer down the 'CAM' route. 

SECONDARY DESIGN 
The word 'design' when used in common English tends to imply that some creative activi

ty is taking place. Our expectation of what is deemed to be 'creative' is equally vague. 
Anything that is simple and obvious is not creative and hence not design. There is thus a 
tendency for some engineers to say that drafting (and hence tertiary design) is not really 
design. The mundane activities necessary to produce an artefact are not really design; solely 
production engineering. Design really takes place only from the conception of a idea up until 
it can be seen to be a fully developed and workable solution. Thus when many people talk (or 
think) about CAD they are referring to the secondary design activity wherein the seed of the 
idea is fully investigated and developed. 

Within this secondary category are grouped all the engineering analysis activities normally 
performed using computers. Many such programs have been developed over the years to ex
ploit the computers ability to retrieve and/or manipulate large quantities of data. Complex 
matrix and iterative processes can be employed to resolve or optimize a large number of 
variables in a complicated interactive model. It is thus not surprising that to these people 
design means the application of high level analysis programs such as finite element structural 
analysis and~ automatic circuit analysis programs. Whilst these are perhaps the most complex 
pieces of analysis that need to be performed they are not at present really interactive design 
programs; simply the analysis of a specified configuration. However much analysis and design 
work can be performed on the existing turnkey computer system by making use of its large 
graphics capabilities with a limited amount of numerical manipulation. Much design at 
present is performed against codes of practice and standards. Programs can be provided or 
written which interpret the component design in accordance with these rules. The program 
output can be in the form of specified data or given as nomograms which can be interpreted 
by the designer. Many companies have developed a range of these programs to satisfy their 
own needs and requirements. They thus tend to be very company dependent and remain un
published as their content is only of interest to their direct competitors. 

It is thus in the areas of secondary design that the software houses are most active. 
Packages are developed in accordance with customer requirements or by recognising that a 
common need exists within a particular field. 

PRIMARY DESIGN 
Little or no work has been published on this conceptual activity. Whilst the desired out

put and constraints can be specified in both the secondary and tertiary activities it is extremely 
difficult at times to specify the form of the output required in the primary stage and more dif
ficult to attempt to quantify it. 

When asked, many designers are either unaware that they are performing any creative ac
tivity or are unable to rationally describe it. ('It just comes' or 'It's obvious'). Without an 
understanding of the logic, weighting and constraints of their design situation it is impossible 
to provide the supportive design aids. This is the area where the greatest benefit could occur 
but the effort necessary to develop the techniques may be enormous. 

It is strangely in this area that the greatest fears against 'CAD' exist. There is the almost 
paranoic feeling that the machines will take over. Artefacts will be designed and produced 
without human control. This is caused possibly by the lack of clear understanding of the 
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designer's role in the primary phase. It is.thus difficult to assert that the computer.will .pot,.be 
able to take it over. It then. becomes seen as a threat rather .than a design aid. The cleajier . 
division of activities within the overall design process, it is hoped, will help to alleviate this 
problem., · · ·. 

CONCLUSIONS 
The s.ubdivision of 'CAD' into its Primary, Secondary and Tertiary phases helps to 

clarify the activities that, at present, can be performed by the existing turnkey packages and 
specialised programs. Much work is still required to be performed in the initial conceptual 
phase in order to provide the designer with tools necessary to bold and manipulate a larger 
number of alternative schemes and constraints. 

Many analysis programs and geometric packages -now exist. Effort is required in 
establishing which techniques are best suited to handle particular range of engineering prob
lems. Companies must be encouraged and helped to investigate the optimum form of the 
design process within their industrial constraints. Once this has been done the computer based 
design packages can be tailored to provide a truly integrated computer aided design facility. 

n 

NOTE: Specific companies and their needs will be used as illustrations during this paper 
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Abstract 
This paper explains the results of extensive speed degradation testing done on a 

Computervision CGOSl00/10 multiterminal system. The intent of the paper is to aid the 
manager of a CAD/CAM system in predicting speed degradation as terminals are added to a 
system. Using this data, the optimum number of terminals per CPU on a return-on-
investment basis can be determined. · 

Introduction 
At the time that this test was conducted, June, 1980, there seemed to be little information 

available concerning speed degradation of multiterminal Computervision systems. The system 
users knew that the system got slower as more terminals were added, but no one could say 
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just how much slower. It seemed that the only way to know the optimum number of ter
minals per system was to fully load one CPU and perform time testing. Using the test results, 
the terminals'could then be split µp between CPU's for maximum productivity per system. 

Test Validity 
It should be noted that the large number of variables makes it impossible to exactly 

duplicate these tests. This variability also prevents an exact prediction of expected system pro
ductivities. (Remember: Compare these estimates to the estimated degradation from other 
tests. You may get "different" degradation depending on how you use your system, the en
vironmental conditions, length of usage, and the condition of your system. Actual overall 
degradation will probably be less than the overall estimate.) (Sound familiar?) 

The following are some of the parameters affecffiig "test results: 

Hardware Configuration 
• Number of stations and location 
• Number of disk drives and location 
• Number and type of additional peripherals 
• Placement of boards within CPU 
•Etc. 

Software Configuration 
• Number of tasks 
• Revision level· 
• Task priorities 
• Location of software 
• Location of data 
• Number of sectors per cluster 
•Amount of data on disc(s) 
•Etc. 

Physical Environment 
• Temperature 
•Humidity 
• Power isolation 
•Air flow 

Activity 
• Number of tasks in use 
• Type of activity 
• Part sizes involved 
• Time of day (believe it or not) 

System Description 
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The system used in this test consisted of the following hardware: 

•One CGPlOO with tape drive 
•Eight desig1;1 stations; one located over 1,800 feet away 
• One Decwriter 
e One CVD digitizer with Lear-Siegler 
• Two 80 MB disc drives 
•.Two Versatec electrostatic plotters (24 inch and 42 inch) 

The software consisted of the following: 
• CGOSl00/10 O/S 
• Revision 10.021 



•Applications software for MD, PC/ES, N/C, sheet metal development, wire,..wrap 
development, plant layout, engineering, and full programming capability 

• Four sectors per cluster 
• Ten tasks (as used) 
• Default reformat procedure 
• Two drives treated as one large volume 
• Status of approximately 18,000 (hex) sectors available and 14,000 (hex) sectors con

tiguous 

Note: This was probably the heaviest loaded CPU in the Computervision world. Conse
quently, it was also probably the slowest. However, it should be noted that the system per
formed as well or better than it did when there were only four stations on it. The Computer
vision system seems to be a real ''workaholic.'' 

Test Procedures 
The first portion of the test was run on June 17, 1980, on third shift. The four applica

tion execute files were run on the Decwriter separately for determination of time test length. 
The second portion of the test was run on June 19 and June 20, 1980, on third shift. The 

mechanical execute file was timed on the remote station (37) for comparison with local sta
tions. Then, the system was loaded with four stations using the four application execute files 
and the other stations using the mechanical execute file. These were simultaneously tested 
starting with eight stations and ending with four stations-eight stations while plotting; eight 
stations while taping; eight stations; seven stations; six stations; five stations; four stations; 
four stations while plotting; four stations while taping; finally, the four application execute 
files were run on Station 21 for comparison of time test length. In all of the second portion, 
the unused stations were logged out. 

The third portion of the test was run on June 23, 1980, on third shift. The test was run 
to compare time differences between unused stations being logged on or off. In this test, all 
unused stations (including the Decwriter) were logged on and put into cards. Then, the four
station test of portion two was duplicated. It was assumed that if there were any differences 
caused by the state of unused stations, those differences would be greatest when the test was 
run with just four stations. 

The last portion of the test was run on June 26, 1980, on first shift. The test was run to 
compare time differences between hardware configurations. In this test, the system hardware 
and software configuration was changed to four stations. Then, the four-station test of por
tion two was duplicated. It was assumed that if there were any differences caused by con
figuration, those differences would be greatest when the configuration was reduced to four 
stations. 

Tes). Conclusions 
·· · 'Part 1 (when compared with Part 2) showed that there was little difference between test 

times on the Decwriter and those at the design stations. The exception to this was the fabrica
tion test, which was considerably longer because of all the carriage returns between each of 
the outputs. 

Part 2 showed that there was little difference in test time between the remote and local 
stations. The rest of the results of Part 2 have been charted and graphed (see Figures 1 
through 7). Figure I shows the test times in minutes. Figure 2 shows the ratio of degradation 
based on a one-station operation, and Figure 3 shows the ratio of degradation based on a 
four-station operation. Figures 4 through 7 are plots of the degradation for each of the ap
plications tests. Figure 4 shows the fabrication application runs about the same speed 
regardless of the number of stations being used. The fabrication test seemed to share time 
with the other tests when five and six stations were being used. But, as the seventh and eighth 
stations were added, the fabrication test went back to the speed it ran at when there were four 
stations running. This is probably due to the priority of operations involved. Figures 5 
through 7 showed that the other applications have approximately the same amount of linear 
degradation as the number of stations in use increases. The mechanical test showed a slightly 
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higher degradation than the others, but this could be because the same mechanical test was 
used for five of the stations. If the electrical test was used for the extra terminals, it would 
probably have shown more degradation than the others. The plotting and taping tests showed 
the following percentages of degradation. 

Electrical Tool Design 
Mechanical Tool Design 
Fabrication 
Plant Layout 

Plotting With 
Four Eight 

Stations Stations 
6% 4% 

17% 11% 
-1% 6% 
24% 18% 

Taping With 
Four Eight 

Stations Stations 
36% 22% 
28% 10% 
72% 103% 
7% 6% 

TIMC TCST DATA FOR AN EIGHT STATION SYSTCM 

STATION 21 22 
TEST FAB PL 

0 :19 27 .0 79.4 
0 
()) 

I :57 51.9 71.3 01 - . 
<n 3:29 25.6 67 .4 -
w 

BLDG.207 ----
38 39 24 40 23 
EL Ml M2 M3 M4 

70.3 83.2 83.5 83.3 81.5 

81.9 83.0 83.4 83.3 75.1 

67 .2 74.8 75.2 75.2 73.6 

REMOTE 
BLDG.304 

37 
M5 

79.3 

69.4 

66.4 

COMMENTS 
PLOTTING FROM 
DECWRITEH 
TAP! NG FROM 
DECWR ITER 

EIGHT STATIONS 

z 4:47 26.2 60.1 59.5 64.9 66. 7 64.4 59.3 - SEVEN STATIONS 
~ 
1 

5 :53 31.9 51.0 54.7 55.6 57 .5 57 .4 - - SIX STATIONS 

0 :17 28 .9 43.7 45.2 47 .6 47 .5 - - - FIVE STATIONS 
!-·--- -

I :07 26. I 37.Z 37 .5 37 .0 - - - - FOUR STAT IO~S 
-

PLOTTING F~QM 0 2 :20 25.9 46.2 40.0 43 .. 4 - - - -ro ; DECWR I TER 
01 T 

TAP! NG rn,if · - 3 :12 45.0 39.7 51.0 47 .4 . - - - -r 
~=~:~~TT~I 3~ 0 

N t-· 

llJ 5 :16 8.0 - - - - - - --J 
:z ... ~·, ',• ''?_-?:-

'. -, 
''.'.l 

~ 4 :35 - 15.1 - (TIM ES ARE IN MINUTES! ONE STATION"i.& 1 

1£.:1, .:r 
4 :05 14.7 - - - - - - - ONE S T A "I: r:t'W':N / 

+,-- ·"'!fp'·· -
4 :21 - - - 12.7 112.71 ( 12.71 112.71 - ONE ST A ~;f'd:~· 

JUNE 19,1980 
12.2 

, -,~g~0;r-> 
. 0 :0 I - - -· . - - - - ONE . STATl'ON 

.. • .. 
~ f ~J. 

Figure 1 
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TIME TEST DATA FOR AN EIGHT STATION SYSTEM 
---- BLDG .. 2 0 7 --- :LEJt,~Jcf,. 

STATION 21 22 38 39 24 40 23 37 
TEST FAB PL EL Ml M2 M3 M4 M5 COMMENTS 

3.37 5.25 4.78 6.55 6.57 6.56 6.42 6.50 PLOTTING FROM 
z OECWF ITER 
oz 6.48 4.71 5.57 6.54 6.57 6.56 5.91 5.68 TAP! NG FROM 

o~ 
OECWR I TER 

3.20 4.45 4.57 5.89 5.92 5.92 5.79 5.44 w 1-- EIGHT STATIONS 
lf) <( 

3.97 4.05 5. I I 5.25 5.07 4.67 <( 0:: 3.26 - SEVEN STATIONS 
cow 
zo_ 3.98 3.37 3.72 4.38 4.53 4.52 - - SIX STATIONS 
00 

3.60 2.89 3.07 3.75 3.74 FIVE STATIONS ,_.z - - -
1--0 

3.26 2.46 2.55 2.91 <( ,_. - - - - FOUR STATIONS 
Nr-
._,<( 3.23 3.05 2.72 3.42 - - - - PLOTTING FROM 
__J 1-- OECWR ITER 
<( Ul 5.61 2.62 3.47 3.73 - - - - TAPl NG FROM 
2 OECWRITER 
0:: w 
oz - - - - - - - - THREE STATIONS 
zo 

- - - - - - - - TWO STAT IONS 

BASE 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 ONE STATION 

Figure 2 

~IME TEST DATA FOR AN EIGHT STATION SYSTEM 
---- B L 0 G . 2 0 7 --- :cott,~Jcf1 

STAT.ION 21 22 _} 38 39 24 40 23 37 
TEST FAB PL EL Ml M2 M3 M4 M5 COMMENTS 
z~} 1.04 2.13 1.87 2.25 2.25 2.25 2.20 2.14 PLOTTING FROM 
ot;>.'\' OECWRITER 

t-'!""111' 

1.99 1.92 2;18 2.24 2.25 2.25 2.03 1.87 TAP! NG FROM Ob-. 
DECWR ITER Lil~···· .. ·. 

UlQ::}~i~ 0.98 1.81 1.79 2.03 2.03 2.03 1.99 1.79 EIGHT STATIONS <t: UJ t·~·. 
[{) o.:?{~ -
z 0\~·2'., .. 1.00. 1.61 1.59 1.75 1.80 I. 74 1.60 - SEVEN STATIONS 
Oz 

1.22 1.37 1 .. 46 1.50 1.55 1.55 -o - - SIX STATIONS r ...... 
<t:r (" . 
N<{ 

.•.·· I. It : .17 J.20 1.29 1.28 - - - FIVE STATIONS 
-r 
..JU1 BASE LOO 1.00 I.OD I.OD 1.00 1.00 I.DO 1.00 FOUR STATIONS <{ 

.> . 
20: r• PLOTTING FROM 
0: :::> 0.99 1.24 1.06 1.17 - - - - DECWR I TER 
00 TAP! NG FROM zu.. I. 7 2 1.07 1.36 1.28 - - - - DECWR ITER 

Figure 3 
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Part 3 showed that it makes no difference whether the unused stations are logged on 
or off. 

Part 4 showed that there is little change in degradation when the hardware and software 
configu~ations are changed. While all the tests ran faster, the change was only an average of 
3 percent. · 

Productivity Analysis and Evaluation 
The main purpose for the tests is to determine the optimum configuration per CPU on a 

Computervision computer graphics system. With all the variables involved, it is very difficult 
to predict exactly what to· expect in any given situation. The tests showed some trends that, 
until more data is available, we will have to base our decisions upon. 

Using Figure 3 on Page 403, we can determine what will happen to productivity when ter
minals are added to. the basic four-station system. The base times of the four application ex
ecute files were normalized to one to develop a ratio of speed degradation. The fabrication 
data shows no apparent change as terminals are added. This implies that the fabrication ap
plication takes first priority over all else, regardless of the system load. If the fabrication test 
had been run against itself, then the fabrication data would show a speed degradation similar 
to the other applications. We will average the degradation of the plant layout, electrical, and 
mechanical tests. 

Average degradation of the execute file tests: 

Five-station system 
Six-station system 
Seven-station system 
Eight-station system 

23.5% 
48.6% 
68.2% 
92.4% 

In determining productivity decrease, there are two factors that must be considered along 
with the test data itself. They are the percentage of execute file speed at which the user works 
and the percentage of design time actually using the system. Because the designer does not 
keep the system continually busy like the test execute files do, we will factor in a percentage 
of efficiency . .Since we do not have any exact figures, we will compute for 70 percent, 80 per
cent, and 90 percent efficiency. In addition to efficiency, a designer does not spend all of his 
time using the system. Again, not having any exact figures, we will compute for 70 percent, 
80 percent, and 90 percent system usage. These two factors will reduce the percentage of 
degradation and give us a more accurate picture of the productivity decrease. 

First, we. will use the following formula to calculate the increased time needed to com
plete a job due to degradation. 

Percent Degradation x User Efficiency= Increased Time Needed 
to Complete Job 

Number 
of 

Design 
Stations 

5 
6 
7 
8 

408 

Percent 
Degradation 

23.5% 
48.6% 
68.2% 
92.4% 

70% 
16.45% 
34.020Jo 
47.740Jo 
64.68% 

Increased Time Needed to 
Complete Job 

at Efficiency of 
80% 

18.80% 
38.88% 
54.56% 
73.92% 

90% 
21.1507..o 
43.74% 
61.38% 
83.16% 



Then, we plug the increased time value into this next formula to determine the produc
tivity ratio adjustment factor. 

Design Time Design Time Productivity 
Utilizing + Not Utilizing Ratio 

the System the System = Adjustment 
Design Time [Increased Time Design Time] Design Time Factor 

Utilizing + Needed to x Utilizing + Not Utilizing (PRAF) 
the System Complete Job the System the System 

Example using 100 hour job with 80 percent efficiency and 80 percent usage on 
·five stations: 

80 Hours + 20 Hours = .869 
80 Hours + (18.8% x 80 Hours) + 20 Hours 

Assuming that a user spends 70 percent of the design time using the system: 

The PRAF for The PRAF for The PRAF for Number of 
Design a 70 Percent Efficient an 80 Percent Efficient 

Designer Will Be 
a 90 Percent Efficient 

Stations Designer Will Be 
5 .897 
6 .808 
7 .750 
8 .688 

.884 

.786 

.724 

.659 

Designer Will Be 
.871 
.766 
.699 
.632 

Assuming that a user spends 80 percent of the design time using the system: 

Number of 
Design 

Stations 
5 
6 
7 
8 

The PRAF for 
a 70 Percent Efficient 

Designer Will Be 
.884 
.786 
.724 
.659 

The PRAF for The PRAF for 
an 80 Percent Efficient a 90 Percent Efficient 

· Designer Will Be Designer Will Be 
.869 .855 
.763 .741 
.696 .671 
.628 .600 

Assuming that a user spends 90 percent of the design time using the system: 

Number of 
Design 

Stations 
5 
6 
7 
8 

The PRAF for 
a 70 Percent Efficient 

Designer Will Be 
.871 
.766 
.699 
.632 

The PRAF for The PRAF for 
an 80 Percent Efficient a 90 Percent Efficient 

Designer Will Be Designer Will Be 
.855 :840 
.741 .718 
.671 .644 
.600 .572 
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Now, we will use these PRAF's to determine what will happen to our total system output 
when compared with the original CAR prediction. The original prediction was that we would 
achieve the following increases in productivity as a result of using computer graphics: 

' Electrical Tool Design 
Mechanical ToolDesign 
Fabrication Applications 
Plant Layout Applications 

2.0to 1 
1.8 to 1 
3.5to1 
1.5 to 1 

To obtain an estimate of the total system output, we will simulate our usage of a four
station. system. During the first shift, the fabrication and plant layout applications would each 
use one station. The other two stations would be used by tool designers - electrical or 
mechanical depending on the week. During the second shift, all four stations would be used 
by tool design. Two stations would be used by mechanical and the other two stations would 
be used by either mechanical or electrical tool design, again, depending on the week. Thus, 
the estimated hours saved would be affected as follows in the data below. 

Number of 
Eight-Hour Manual Four-Station Productivity 

AQQlication Users Methods System Ratio 
Electrical Tool Design 2 16.0 Hrs. 32.0 Hrs. 2.00 to 1 
Mechanical Tool Design 4 32.0 Hrs. 57.6 Hrs. 1.80 to 1 
Fabrication 1 8.0 Hrs. 28.0 Hrs. 3.50 to 1 
Plant Layout 1 8.0 Hrs. 12.0 Hrs. 1.50 to 1 
Totals 8 64.0 Hrs. 129.6 Hrs. 2.03 to 1 

Assuming that a user spends 80 of the design time using the system and that a user works 
at 80 percent of the execute file speed: 

With the addition of a fifth station being used for plant layout applications on the first 
shift and electrical tool design on the second shift, the following amounts of work would be 
accomplished: 

Number of 
Eight-Hour Manual Five-Station Productivity 

AQQlication Users Methods System Ratio 
Electrical Tool Design 3 24.0 Hrs. 41.8 Hrs. 1.74 to 1 
Mechanical Tool Design 4 32.0 Hrs. 49.9 Hrs. 1.56 to 1 
Fabrication 1 8.0 Hrs. 24.3 Hrs. 3.04 to 1 
Plant Layout 2 16.0 Hrs. 20.8 Hrs. 1.30 to 1 
Totals 10 80.0 Hrs. 136.8 Hrs. 1.71 to 1 

With the addition of a sixth station being used for mechanical and electrical tool design 
, on both shifts,. the following amounts of work would be accomplished. 

Number of 
Eight-Hout Manual Six-Station Productivity 

AQQlication Users Methods System Ratio 
Electrical Tool Design 4 32.0 Hrs. 49.0 Hrs. 1.53 to 1 
Mechanical Tool Design 5 40.0 Hrs. 54.8 Hrs. 1.37 to 1 
Fabrication 1 8.0 Hrs. 21.4 Hrs. 2.67 to 1 
Plant Layout 2 16.0 Hrs. 18.2 Hrs. 1.14 to 1 
Totals 12 96.0 Hrs. 143.4 Hrs. 1.49 to 1 
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With the addition of a seventh station being used for mechanical and electrical tool 
design on both shifts, the following amounts of work would be accomplished: 

Number of 
Eight-Hour Manual Seven-Station Productivity 

AQQlication Users Methods Sy:stem Ratio 
Electrical Tool Design 5 40.0 Hrs. 55.6 Hrs. 1.39 to 1 
Mechanical Tool Design 6 48.0 Hrs. 60.0 Hrs. 1.25 to 1 
Fabrication 1 8.0 Hrs. 19.5 Hrs. 2.44 to 1 
Plant Layout 2 16.0 Hrs. 16.6 Hrs. 1.04 to 1 
Totals 14 112.0 Hrs. 151.7 Hrs. 1.35 to 1 

With the addition of an eighth station being used for fabrication applications on the first 
shift and electrical tool design on the second shift, the following work would be accomplish
ed: 

Number of 
Eight-Hour Manual Eight-Station Productivity 

AQQlication Users Methods Sy:stem Ratio 
Electrical Tool Design 6 48.0 Hrs. 60.5 Hrs. 1.26 to 1 
Mechanical Tool Design 6 48.0 Hrs. 54.2 Hrs. 1.13 to 1 
Fabrication 2 16.0 Hrs. 35.2 Hrs. 2.20 to 1 
Plant Layout 2 16.0 Hrs. 15.0 Hrs. 0.94 to 1 
Totals 16 128.0 Hrs. 164.9 Hrs. 1.29 to 1 

All of these test results are dependent upon the test parameters as outlined in Pages 2, 3, 
and 4. The large number of parameters involved shows the high degree of variability that is 
possible in actual system use. However, when attempting to maximize the capital investment, 
the manner in which the system is used has a much greater impact on total system output. It 
is, therefore, essential that systems be examined on an individual basis before making an in
vestment decision. 

While the data may be inconclusive because of the high degree of variability involved, the 
information gained is invaluable. We were unable to find any real world data on speed 
degradation anywhere. In summary, the following statements can be made based on the test 
results (when conditions are similar to the test conditions):· 

• Time sharing between design stations is equivalent. 
• Speed of operation is not affected by distance from the CPU. 
• Leaving unused terminals logged off does not affect the speed differently than leaving 

them logged in. · 
• Reconfiguring the hardware and software to eliminate unused terminals can increase 

system speed by as much as 3 percent. 
• Plotting does not degrade the system speed. any more than normal design operation 

would (except for plant layout). · . . · .· 
• Taping slows down operations by as much as one third (plant layout hardly affected, 

and fabrication affected by as much as 100 percent).. . 
• Speed degradation is linear with the addition of the fifth, sixth, seventh, and eighth 

terminals. 
• N/C applications take a high priority in comparison with other applications. 
• Generally, system users should see the following productivity losses: 

Five Stations 
Six Stations 

130/o 
240/o 

Seven Stations 
Eight Stations 

300/o 
370/o 
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Additional Comments 
During the time that our system was loaded so heavily, we were able to do a great deal of 

training of designers. As trainees, the degradation was not as great of a problem. By purchas
ing our ,second CPU and splitting up the terminals after the bulk of the training was com
pleted, we were able to maximize the return on investment. 

Also, the reduced speed of the system forced us to off-load work, where possible, to the 
third shift, and use various means to do productive work without requiring the designer's 
presence at the terminal. We might not have tried so hard to off-load work had the degrada
tion been less. The techniques learned during that time when degradation was bad are being 
applied to. further increase our productivity. 

A 59 page report of all the details of this test is available by contacting: 

Blaine E. Burnett 
Xerox Corporation 
800 Phillips Road 
Building 207A 
Webster, New York 14580 
(716) 422-9459 
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STANDARDIZED RESPONSE TIME 
MODULUS DETERMINATION ROUTINE 

ABSTRACT 

Doug Schuler 
Boeing 

P .0. Box 3707 
MIS 6A-26 

Seattle, WA 98124 
206-251-2487 

The purpose of this paper is to demonstrate a simple routine to determine the systems 
response time. 

This paper describes the use of a modifiable routine to find the response time modulus 
through a series of repeated commands and calculations based on the elapsed time. The 
routine has several forms for time checks in various modes. Standardization execute files run
ning on other tasks with test parts are used to establish relative modulus readings. These 
routines can be effectively used in determining task, budget, shift, or manpower allocations. It 
could even be used to determine which types of routines are best left to a second or third shift 
due to their extreme predilections towards slowing down the system. The routine can also be 
utilized in benchmark and acceptance testing. 

This paper is to demonstrate a simple method for determining the response time of the 
system. The routine uses the DATE command 100 times and divides the elapsed time by 100 
to determine the average time per response or response modulus. 

The routine as it now exists (before any major revisions or enhancements for more 
demanding or specific applications are made) consists Qf two portions; an execute file and a 
parex file. The initial and main portion is the execute .file which first deletes the files that were 
produced last time the program was run. In a more complexincarnation of the program the 
new information might be simply appended onto a preexisting file for a running account. The 
file then makes a file of the conditions at the onset by nesting a LSTTSK in HARDFILE 
NN.CONDITIONS. The command DATE is then given 100 times within a HARDFILE. 
NN.DATE. 100 is an arbitrary number here and any number will do. I picked' 100 because, I 
felt, it would not give undue attention to a transient surge or lag, nor give. rise to errors in 
rounding. Using DATE for the command to be repeated is a reasonable choice for two 
reasons. 1) It gives the time directly, thus keeping the number of commands. used to a 
minimum, and 2) It is a low priority command. 

The execute file then edits the brand new file of 100 dates and times. It deletes lines 2-99, 
leaving the residue of the first and last DATE command. After some copies of lines are made 
and some characters are deleted, the line "RUN PAREX NN.MODULUS" is inserted as the 
first line of the file. The file now looks like this: 
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RUN PAREX NN.MODULUS 
HO (hours at onset) 
MO (minutes at onset) 
SO (s~conds at onset) 
HE (hours at end) 
ME (minutes at end) 
SE (seconds at end) 

The edited NN .DA TE is filed and main execute program proceeds to enter a dummy part 
and executes NN.DATE. The first line of NN.DATE says to run .parex NN.MODULUS. The 
time variables are dropped into the parex file as type 1 parameters. Type 4 calculations within 
the parex file convert the hours, minutes, and seconds at the onset and the hours, minutes, 
and seconds at the end into a number of seconds. The difference is then found between these 
two derived numbers and is divided by 100 to find an average time per command or 
"response modulus". The last two lines of the parex file are: 

* CONDITIONS AT ONSET OF TEST CAN BE FOUND IN NN.CONDITIONS 
* RESPONSE MODULUS = &MOD 
(where &MOD is the obtained ratio) 

After the parex file has run its course the original execute file resumes. At this point it 
merely exits from the part, does not file, and returns to system level. 

This routine utilizes no graphics and can, therefore, be run with a Lear-Siegler alone. The 
program as outlined can only be run on one task at a time. Running the program on more 
than one task may result in erroneous data or hung tasks as the programs would be deleting, 
creating, and editing the same files in an incorrect and arbitrary order. If it is necessary to run 
the program concurrently on several tasks, all files used or created must be renamed, probably 
with the task number as part of the file name. 

The program as it exists is skeletal. It will yield a response-modulus which is significant 
over a specific amount of time (typically 40-200 seconds). It would require some enhancement 
for more ambitious testing. Although the proliferation of files might be considered a 
drawback, a program that created files NN.CONDITIONS.l, NN.CONDITIONS.2 and so 
on, along with a file that consisted of the corresponding moduli, would be advantageous for 
rigorous investigation. Running the enhanced program concurrently with test execute files on 
other tasks with RUN MARK utilized could constitute a powerful testing approach with both 
response-moduli and real time values documented in the created files. By conducting 
preliminary tests using the program and by isolating variables such as number of tasks in 
operation, percentage of disk filled, types of commands utilized, peripherals in use, size of 
parts and the like, rational allocation policies can be determined. 
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BRIEF 

16 MENUS IN 1 

Ken Mosher 
Senzei Link 

Kirkwood Industrial Park 
Dept 466 

Binghamton, NY 13902 
607-772-3340 

Here is a method of easily expanding one's menu capacity without having to change the 
menu graphics sheet. Several different versions of this method can be applied to suit the in
dividual's needs. One such method will be presented here. 

HISTORY 
Our initial development of menu #1 was to make each square a complete command, 

ready for data input. This worked fine until we became smarter and more knowledgeable of 
the CADDS language. Because it was so automatic, it didn't allow for the addition of extra 
modifiers before data input. So, it was modified to remove some of the ":" to allow for the 
addition of extra modifiers. Still a lot of typing had to be done to type in the modifier names. 
Menu lf2 was developed by revising menu #1. Unused commands were eliminated to allow 
room for more commonly used commands. Some were broken up into separate squares. 
Although this meant digitizing more squares to complete a command, additional squares were 
gained for new words. This menu worked fine for most design applications, but wasn't too ef
ficient when a lot of detail drawings were being done on the system. A lot of typing still had 
to be done. Also there weren't enough blank squares to edit key for special functions. 

Menu lf3 took a completely different approach and philosophy. Each square was a dif
ferent letter, number, noun or verb. Also 16 squares were left blank for Edit Key. Although 
several squares were required to complete a command, very little typing had to be done. 
When the 16 blank squares reserved for Edit Key became filled up, a copy of Menu lf3 was 
done to make Menu #4 with 16 blank squares.· 

This led to Menu #5, now with 2 small 16 square paper overlays to keep track of what 
was on lf3, #4, and #5. These paper overlays led to the creation of 16 Menus in 1. 

PRESENT 
Now with the original 220 square Menu #1, plus the additional 240 squares (15 x 

16 =240) from Menu lf2 thru Menu #16, the flexibility, completeness, and automation exceed
ed our current needs. 
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Our operators were very receptive to this new menu, because the basic original menu was 
left intact. They didn't have to learn a complete new menu. They only had to become familiar 
with the new mini menus. Also their efficiency has definitely improved. Most of the typing er
rors have been eliminated. Required modifiers aren't left out. Library part names don't have 
to be looked up. Many of the squares now run programs; like EXEC, PEP, PAREX, and 
V ARPRO, further increasing their efficiency. 

FUTURE 
We are currently structuring specialized menus for Structures-Frames, Control Panels, 

PC-ES, NC, etc. 

HOW TO CREATE 
Take an existing menu and Key File or create a new one, leaving a 4 x 4 section of 

squares blank, preferably in the lower 110 squares, either on the left or right side. Copy this 
Key File 15 times, naming each successive file Menu lf2, Menu #3, ... , Menu #16. Edit each 
menu's 16 blank square sections to your desired needs. 

Two additional squares, preferably adjoining the blank section, are required. One is to 
tell the user which menu # one is currently active on. The other is a variable command to 
change from menu to menu. 

For the menu graphics add the 4 x 4 section of squares, 15 times below the original 220 
squares. You now have one menu graphics sheet with 460 squares on it. 

HOW TO USE 
Menu #1 is used in the normal manner by digitizing the square with the desired com

mand. Menus lf2 thru #16 are used by restoring the desired menu# for the command(s) need
ed and digitizing the corresponding blank square of Menu #1 to activate the command. 

Menu #1 blank square area can be used for special commands by doing an Edit Key 
for it. 
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ABSTRACT 
The purpose of this paper is to demonstrate the construction and organization of 

Mechanical· Design Menu. 
This paper describes the use of 36 extra keys· described in the CADDS 3 Graphics 

Operator Manual. These keys are utilized in conjunction with the 220 keys found in regular 
keyfiles and their operation is similar to a function key on a hand-held calculator. Additional
ly, this paper describes the use of operator callable programs with keyfiles, the layout and 
design of keyfiles and the use of color in keyfiles. 

INTRODUCTION 
The use of keyfiles, or menus, is one of the designer's main tools in utilizing CADDS 3 

Mechanical Designs Package, or any other package for that matter. >"~;~,'.> 
Menus allow the chaining of commands, calling of programs and the storage of informa-

tion utilized within programs. ' ' ' 
Designers utilizing such menus may out-perform any others who do not. This is due to 

the fact that typing errors and duplicity in "key-ins" are removed plus the greater advantage 
in program handling and calling from the keyboard. The principle of operator programmable 
keyfiles if one of Computervision's most desirable and most used programming features. 

KEYFILE CONSTRUCTION 
Keyfile construction may be divided into the four following areas: 

1. Layout and Grouping of Keys 
2. Special Function Keys 
3. Color Separation 
4. Programming the Keys 

This discussion shall be limited to CADDS 3 Graphics System. 

Other considerations in keyfile construction are the use of special characters, control 
characters, the use of carriage return, the grouping of commands, chaining keys, using keys to 
call programs and other keyfiles. 

Special characters such as control "X" and control "E" may be easily included into any 
keyfile, and should be in sequence to allow one hand free to type. Lower case delimeter 
should be utilized whenever possible· for the same reason. 

Carriage returns should be inserted before many commands in order to omit a second 
digitize when one command is finished. Also, spaces, colons and question marks can be util- . 
ized on some commands. 

Chaining commands are strings of commands which have the entire commands pro
grammed into one key such as" CR INS LIN HOR:" thus replacing 2 keys and 5-key 
digitizes. 

Program calling keys can be placed into a menu.anywhere; however, most special pro
gram calling keys should be placed in overlays which will be described later. 
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LAYOUT AND GROUPING OF KEYS 
Before layout begins, consideration must be given to the nature of operations to be ac

complished by the keyfile. In this example the keyfile to be designed will be general purpose 
2-D and 3-D Mechanical Design. 

The Groups for consideration will be as follows: 

A. All construction commands and modifiers (INS - LIN, CIR, BSPL, ARC, FIL, SPL, 
CONIC, ETC) 

B. All 3-D construction commands and modifiers (INS TCYL, CUT PLANE ETC) 
C. Views and Ports and Modifiers 
D. Special GET DATA Modifers 
E. Zoning, Paging and Displays 
F. Text, Dimensions and Labels 
G. Plotting, Printing, Gerbering 
H. Numerics and Alpha Characters 
I. Control Characters 
J. Listing (views, ports, parameters, layer, mode, status, etc.) 

Grouping should begin in the center of the keyfile for the most utilized commands, work
ing toward the outside and bottom for the lesser used commands. Similar commands should 
be grouped in an q,verlapping fashion according to the "A" through "J" listing above. Don't 
waste keyfile space with too many single commands or things like the alphabet. However, do 
include numerical 0-9 using the same layout as on a calculator. Don't use parex for calculate 
expression. Add several parenthesis in calculate expression (left parenthesis) so that multiple 
calculations may be made. Likewise, in the right parenthesis. 

SPECIAL FUNCTION KEYS 
Special function keys are keys which may have any number of functions. Select 10 to 30 

keys in one area (right side, or left side, top or bottom) and make a hinged overlay (many 
overlays may be used) which can be flipped over (like pages in a book) exposing the keys to 
be utilized. This permits the use of several hundred keys, 20 keys or less will work the fastest. 
To make the key active, build a keyfile (in the Editor) utilizing the same key number cor
responding to the key in that portion of the menu selected. For example, suppose you wish to 
have the following commands on your menu: 

1. INS TEXT 
2. INS LAB 
3. INS LDIM 

You want all of their modifiers as well, but if you do this, you must leave out other com
mands which you use as much, if not more. To solve this, label three keys (in your overlay 
area): INS TEXT, INS LABLE, and INS DIMENSIONS. When you digitize any of these 
keys, flip the overlay marked TXT, LAB, DIM and all modifiers are active for INS TXT, 
LAB and DIM. 

The key you digitize to get this overlay has the command "GET KEY CR 
KEYFILE.XXX" where KEYFILE.XXX is the keyfile you made in the editor. To get back, 
each overlay has a flip key (at the same location on each overlay) which has a copy of the 
original 20 keys with a different keyfile name. 

HOW IT WORKS 
GET KEYS only replaces the keys it lists, it does not alter any other keys. By using 

SELECT NO ECHO, the flip action becomes invisible to the operator, in fact, by the time 
the overlay is in place, you can complete your command string (if you use 20 keys or less). 
After GET KEYS the command is started. 
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The same thing can be accomplished by utilizing the 36 hidden keys. Key numbers: 
T#l 11 THRU T#128 

AND 
L#47 THRU L#64 

However, these hidden keys can be utilized in a more effective way, many programs re
quire input which can be accessed via the keys. This information may be needed more than 
once, or chained to other commands. 

EXAMPLE: 
Suppose you had a program which inserted a group of standard parts and you had a part 

which looked like this: 

and you wished to insert this part at any angle and any distance between the date and the 
alpha variable, with the text horizontal. The date is inserted via the flip key which activates a 
program that obtains the date and places it in a keyfile (then GET KEYS) the date is now 
held for future use. 

A continuation of the flip program runs a parex which asks for two digitizes and a 
variable (the date is first and is called by key number invisible to the operato~~1Jhe parex then 
inserts two circles at the digitizes and a line between them utilizing the modifl¢f~:;I'X, &REF 
DIGA, IXRar ETC. Text is then inserted on the &DIGA &DIBB. This is a siitipk example, 
which serves only as an explanation. The same logic, however, can be utilized tu\ insert section 
arrows, the section number and the section location at any distance apart, any ahgle, any 
scale, as well as, auto insertion of section name and location with 3 digitizes only-the pro
gram exists. 

USE OF COLOR 
Color may be used to highlight keyfiles, the simplest is to make a sharp full size plot and 

have it copied onto colored paper. If more colors are desired, use cross-hatching on different 
layers, color reproductions may be plotted on the gerber, one file per color. Four colors or 
less is optimum, any more will defeat the purpose of colors. The purpose of colors is to 
highlight the most used areas (yellow does this well), define grouped commands and to point 
out commands where caution is advised (red). Use photo reproduction to obtain multiple 
copies (make only one with the gerber). 

PROGRAMMING THE KEYS 
Programming the keys is done at systems level. Begin by copying an existing keyfile 

(COPYBCD-etc.). Your new keyfile must be named keyfile. keep the name simple. 
If you do not have any existing keyfiles, copy in the key number in the illustration in this 
paper. By observing the sample keyfile program you will notice the methods used to: 

1. Add Comments 
2. Define an Isometric View 
3. Call Programs 
4. Call Hidden Keys 
5. Add Extra Keys 
6. Call Personal Keys 
7. Have One Key Call Another 

These are just a few examples to look for, many others exist in the example shown. Note 
also the beginning statements and ending statements of the keyfile. 

After the keyfile (the text file) is complete, enter into a dummy part, key in the command 
"GET KEYS,'' then key in your keyfile name. This will activate your new keyfile. To keep it 
active for the next time you need it, key in the command "SAV KEYS" and your keyfile 
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name. Remember, if you GET KEYS on one key only it will replace that existing key with 
something new, and not alter any other key. "RST KEY" will remove old keys and replace 
them with the new keyfile. 

IGET FLIP 
,---, 

CONSTRUCT/ON C0"'11MAND BLOCh' ic-.:.cuu~': 
1DATA KEYS 

IX WINI IMS • + - INS • ·m LAI 'IJ: LAl 

IY UI( I ii'i INS CIC )( + INS ' DIS 811 Dll Diii Dll 

IZ ;;,, p~' C(N 
DIS fl5 IPT ) ( CJT 111. 

lR DP+ -_. TIM H;T DI: 

Ill CD& fOllT -.. 1QAD 

NN.BODY l IS T 

SAMPLE GET KEY MENU SAMPLE FLIP CARDS 

CDllTllCTlll CtllllAID UICI UTA llflT 

.. IEHILE 11.EllP NDI LIST 

SAMPLE FLIP KEY MENU 
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EUIT KEYS 
C#021<CR>HJS LDIM Hm? : 
C#03•<CR>INS UHM VFPT I 

C#04t<C~~>1NS LOIM PP~JT 1 

C#n~1<CR>INS ADIM : 
C#06•<CR>INS RDIM i 

C#07•<CR>INS DD1M I 

C#081<CR>IJIS TAG<CP>I 
C#09t<CR>ZOM DW!I R: 
C#JO•<CR>ZOll. EXT<Cf?>I 
Clll l. I 

C#l2• • 
C # t 1 a < C ll ~ r; f '. L L A Y a 
Cll4•<Cl">l:'.CH LAY I 

C#l':>•<<.:~>SEL VIH~ l<Cl?>UEF vn::1--:<cou1>xo yo 7-0, v-1 v1 71<CI?>: 
C# I 9 a <CH> SE L VCON <C P> ** ..... i\' :\~HJ Ir!G ••••• A LL 'H:::~ r::rTJ TI ES 1.-,rr LL A Pf)$ 
EAP. 11\f<CR>** l'lor~1~p!G VJEl'J Ot!LV<CP>: 
C#20•<Cl-<>SEL VALL<CJi>**·····W.\kt~H!G ••••• ALL r.JHi r::•:TITirs WILL APPs 
EAH Hl<CR >** "" A LL v I E!·'IS<C 1?> I 

Clf 21 1 <C ff> ifU~i LSTTSK <C~>: 
C#22:<Cq>LST ~~T<CR>: 
C#24 1 <CR> I NS l?SllRF<CnUJ>: 
C#25•<C~>INS BSUR t 

C#?6:<CR>ADU PORT: 
C#27: <Cl?>USF JJOIH: 
Cl/28s <CR>USE MESH PAT! <VA~?>fJAfO<VAP><CoU'>: 
C429: <CR>MF.AS l~JG STPT r: 1WPT<COL'l>: 
C#J01<CQ>TAG ENT: 
Cfl:31 :<CR>lON A.LL l\POPT 1-'C)<Cfi>s 
CllJ;>z <CP>/.'.0~1• WOPK<CP.>: 
C#33•<CR>PAG DIS <Cnl~,J>: 
C#34: <CR>PAG DIS <COU·I>: 
C~J5:<CR>SEL VIE~ 
C#361<C~>DFF VIFW I 

Cf37•<CR>SEL VIEW I ? 7 J<CR>: 
C#41 •<CR>SEL Gl-?D ON G<VAR><CP>l=CH <.Jl?Cl o~l<CR>OIS GHD<Cl?>a 
Clf42•<CR>Sf?L GRD OFF<CR>F:CH Gl-W OFF<CL?>PP~JT<Cf1>: 
C#4J: <CR>LST MoDE<Cf?>: 
C#44:<CR>LST LAY<CR>t 
Clf46:<CR>INS SPEV HIA~JG< 1/AP.><CnU1 >: 
C#47:<Cf.?>H~~ TAHCYL Hll3tJl)<Vl\R><COL'.1>r 
C#4fH <CR>ECHO PORT OFf <C[{>RP~! f<Oh s 
C#49•<CJ.?>ECHO POh'T ALL<Cfi>I 
C#5ns<CR>CHG FONT DAS'-f<COVJ>: 
C#~l •<CR>!ffAS DIST<CoU!>: 
C#5?1<CR>INS TXT '1 

C#l)3•<CR>ZoM APoRT<CR>I 
C#l)4 I <CR>ZOM w PJ< COUJ >I 
C#55•<CR>ECH LAY ALL<CR>a 
C#56•<CR>ECH LAY ALL<CR>: 
C#57•<CR>SEL OEP I 

C#58•<CR>CHG LAY I 

C#59• <CR>REG REG -ECH<CR >l?PtlT<Cf.? >: 
C#601<CR>INS FCS I 

C#('llJ<CR>CON GRP I 

Ctl62• <CR> EXEC CAO.GERrJER.iJLnT<Cf7> 1 

C#63•<CR>PR1NT FILF I 
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Cff64s<CR>XPEP • 
L#OI s<CR>LST STAT<CP>: 
L#02r<CR>LST LAY USEi)<CQ>: 
l#04t<CR>CUT SUf.?F LAY<VAR><COLN>s 
L#05 s <CR>t>RoJ PRT s 
L#06: <C R>DEL PORT I 

L#07 s <CR>CHG PORT w IN <COLiJ> I 
UI08: <CR>CHG FONT 2-f!ASH< COLN>: 
L#'19a <CR>"AEAS ANG<COUJ>: 
L" 10,, I 
Uflls<CR>BLA ALL s 
L#13•!a 
L#14•<0M>I 
L#l5•* AFTEP r?EAOHiG \H:"SSAGFS. TYPE cmnooL x <CO.>$ 
<VAR>PIHNT FILE w~.EMP.MArJAGE:.,\PlT LP,JC 1-20<Cl?><l/A.l'-»PRI~ff FILI'.: H~IS 
.~MP.MANAGEMENT LINE 21-41<CR><VAR>PRINT FIL~ NN.EMP.MA~AGEM~~T LS 
l"JE 41-.'JO<CH><VAR>PP.Itff FILE t1~1.EMP.MM1 AGB.PJT Lf'H: 61-P.OcCR> $ 
<VAR>PkliH FILE f\nf.'-MfJ.MA'JAGEIJ.J:~IT Ll!JC: 81-ll")f1<CR>s 
L#l6•<CR>UNB ALL<C4>: 
L# I 7 s <CR>CLEAR<QR?>:"f;~PCHK<C~>DBr' ACK A Ll<C t{> t.?rG Ri::G -FCH<CR> f~Pt.fT<C~·»: 
L # 18: <CR >CON PR1\.t,: 
L#l<Ja<CF?>INS XH,~~~Afi><COL'J>t 
L 11;>11 <CR >PLOT Of)lf<scL cv AJ1>: 
L#21 t<C~?>PLnT O<~f DM:XI SCL<VAlh: 
L#22 s <Cli>iWN P M{EX t 

L#23s<CR>LIST PARAMET~P~<C~>• 
l#24 t <Cli>LST LAY u~ws r:[l<CL?>: 
L#251EXEC Nn.STAtJDAJ:IU.PA!?f. l<Cr.>: 
L#2tS I <CR>CUT PLA ".J LAY <VA R><COU!> I 
L#27•<CR>PROJ E'NT D: 
Llf28• <CR>A.On POl-?T V JJ:,'J : 
L#29s <Cr?>CHG P01?T vu: iv : 
L#.10a<CR>CHG FO'JT 1-DA.SH<COU-1>: 
L#J I 1 <CR>'A!:AS MH:A<COLN> 1 

L#32 & <CP> ED IT KEY <CI.{> TO 1<CoUJ><T#11 ?> <CP> T? .1<Col~ 1 > <T # 11 6><C P> T 4':· $ 
<COLN><T# I I 9><CR> Tf. 7<COUJ> <T# 124 ><Cl~> TtN<COUJ ><T# I 28><Cr?>C'1 Is 
<CoUJ> < L#50> <CR>C2 3<Co UJ> < LH54 > <C R>C4 5<CoUJ >< L#~ 3> <C P> L03<CnUJ > s 
<L#5 7><CR>O*<AZ><CR> ms LAB ,, = 
L# 331 <CR> FIL E<CR> <Cl-?> OK <Ct?>OK <CP> I 

Llf34 s <CR>* TO Anofff' TYPI: C()tJTDOL F<CR>f:X IT<CR>F s 
<CR ><CR >0 K <CR >OK <CP >I 
L#35•<CR>RST KEY<Ck>R<CR>: 
l#3~s<CR>~ST KFY<CR>C<CR>r 
L#37:<CR>* THIS EXITS WITHolJT FILP.JG. Tn ARol?T, TYPE Cq~.JTRoL Es 
<Ch'>* TO CONTINUF TYPF C<HITROL X<VA.l<><C~>FXlT<Cl~>nG: 
L#3~H<Ci.?>* THIS rIL.~:s AND LOGS YOU OUT. CO>JTPOL E ~~ILL AHoL?T.S 
<CP>* corffROL x TO CO"JTPJUF<Cf?><VAlhJ:XFC tJIJ.P~oP.r:XIT<C~?>: 
L#391CLEAR<CR>1 
L#40•<C~?>INS FIG <VAP><CqUJ> I 

L#:4la<C~>CotJ rPAT <VAq><C>Ul>: 
L#"42a<CR>EDIT KEY<CR>: 
l#43J<CR>EDIT TXT<COLN>t 
L#44J<CR>EXEC I 

L#45 1 <CR>LST POlff<CR> s 
L#4~1<CR>LST VIEW<CR>a 
L#471/1 
L#4tHOFF I 
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L#49tSLT a 
l f ~ 0 I t; lJ P I 
Ll'J I aJ~AD 1 

L#52•.Tll\I 1 

L#53:Ao a 
L1t54 i p1 .. u:c 1 

L#~51TIA0 I 

L#~61ALAY I 
L#571AI I 

L#5 81 TOAD I 

L#~9aSTPT : 
L#601CLAY : 
L#6l•LAY I 

L#62: OTR I 1¥1 I 

L#63 I EtJDt>T I 

L#64 IJLAY I 

T#02s<CR>MIR : 
T#03a <CR>fWT 1 

T#04•<CR>MOV I 

T#051COPY I 

Tt106:<CR>ERS EXC<COL"·-i>: 
T#()7t<Cli>TlilM I 

T#08:<CR>TRIM LIN p:TrlF<Cf)U'>: 
Tl/J19a <CR>!-:RS ALL<COU!>: 
T4 I 0: <Co'ff>: 
T#JJz<CR>~PNT<CR>: 

T#l~:<CR>RPNT<CR>: 
T#J1a<"'E>• 
T# 14 t <CR>J:IJIT KEY<CR>T0 I <COL"J><T# I I 3><ClhT?3<COU!><T# I I 7><CP>T.1'J$ 
<COLN> <T# I 20><C t?> T6 7<CoL~l> <T#I 2~ ><C~?> T89<CoLN>< L#4 7> <CP>O<C I-?> *S 
<"'Z><CR>CALC EXP I 
T#J51-1 
Tt116t<Ci?>VEr? BOTH<COL'l>: 
T#l7tVER POS1<COLN><VAf.?>,<"'~>: 
T#Jg:xs 
T#l9:IX1 
T ti 20 I DIJ fr.Ji 
T#21 :ZDl'J'!l?a 
T# 22 • l?PNT I 

T Ii 2 4 I I N TO F I 

T#25s<Cl-?>INS LIN TAt!TO<COUl>t 
T.il:?fJ•<CP>INS LIN AIJG: 
T#271<CR>INS LIN VF~T : 
T#2R•<CR>INS LI"1 HOP I 

Tll29 t <CR> INS LIN PHP<COU!>: 
T#30•<CR>l:JS LltJ r>HL<VAl-/><COU~>: 
T113JaLI"I • 
T#32:DIG : 
T#33•<COL"J>I 
T4341<SF.MI>1 
T# 3~ I I"' I 

T#36•C I 

T#37171 
T#38181 
T#39191 
T#40•Y• 
T#4lt1Ya 
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T#42tSOISt 
T#43•RDIS• 
T#44•PD1St 
1#461 <CR> ItJS SPL I 

T#47•<CR>INS BSPL I 

T#48t<CR>INS CONIC I 

Tt149•<CR>COPY ENT I 

T#50 I <CR> INS PNT ()l!<COttJ> I 
T115l•<CR>INS PNT INTO!-= VIEW<COUl>t 
Tt152•<CQ>INS J.>NT H'ToF<C<>LM>: 
Tw53•i->NT 1 

Tff54 •0RG I 

Tll55•<CR>INS I 

T#56•<CR>INS I 

T#5 7 •CROSS I 

T#58HHN I 

T#59•4• 
T#6f') 15 I 
T#61•6• 
T#62•Z• 
T#63 •I z I 
T#fl4 •CliN 
T#65•GRP 
T#66:YES• 
T#68: <CR> I ARO': 
T#~Qa<CQ>I FIL : 
T#70a<CR>IN5 PRT : 
T#7l r<Cl-?>lHV ENT<COL•J>: 
Tlf12•<CR>CoN oFFS : 
f•i'7U<Cl.?>.JOllJ STG<COL'J>: 
f• /41 <Cij>:HH< STG<COUj>: 
Tlf"/'j I c;ro I 

T#71ial~fW 1 

T#T/•<CH>I 
T#7H1<Cf?>1. 
Tt179•'>UT I 

TllBOaP~~ l>J 1 

TllHl•I• 
TH82121 
T#U3t31 
1#8411-l • 
T#851 I IH 
T#b6 ll)I 

T#87•oK• 
T#88HJ01 
T#90•<CR>CHG DIM : 
T#91 •V H:1~ I 

T492•ANG I 

T#93 •I L~JG I 

T#94tLNG I 

T#95•RPL I 

T#96 •GE"J I 

T#97•CIR I 

T#98t<CR>SAV DIS i 
T!l991ENT I 

T#JOO•<Ro>,• 
r111011<CR>HST nrs • 
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T#l02•REF a 
T#103101 
T#l041.I 
T#105s,s 
T#I061As 
T# 1 O (1 I A. s 
T# 108atl1 
T#109SMI 
f'*llO:t>: 
f # 1 I I : J-nr: f : 
T4112•TXf I 

T#IJJs(: 
Tu. I 14:A'JD : 
["4 1 I :i H'1H : 
filll6•ATXT ': 
f#flll)I 
f# 11 B:A~~J'J : 
T# I fy,:HGT : 
rr112o:+a 
T#l 21 :TA HO I 

T4122•TOL : 
fti123:CJT : 
Ttl I ;? 4 i H r: f>. ' > : 
Td12~=*: 
Tt1126:ZT : 
T1'1?/:iUT : 
T#J2f~:UJ;) : 
,·)''* '}FT :<1:y5 cn,.YLFr 1:: -'ttd 
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CAD 
RIGHT NOW! 

William Herron 
Singer Sewing Products Group 

321 First Street 
Elizabeth, NJ 07207 

201-527-6000 

Back in early 1978 I was informed that I had been appointed, along with about five other 
guys, to a committee to investigate C. A. D. for use in the design of sewing machines. 

Now I've always been a mechanical type guy and anything to do with computers just 
went in one ear and out the other - or in both eyes and out the back of my head - or 
something like that. It wasn't that I didn't want to know what made them tick but it just 
didn't stick. 

So here I was, running around the country looking at the CV's and the Calmas, the Auto 
Trols and the Gerbers and hearing about the CDC's and the DEC's, the Xynetics and 
Calcomps - the CADDS 3's and the PEP's - and on and on. It's enough to drive a good 
mechanical man to drink. The main reason I was selected for this mission is that I knew our 
existing design process, and thereby would be of help in selecting the system most compatible 
with our needs. 

Well, this selection process was going along just fine - I was getting more confused with 
every system I saw. Every new one was better than the ones before - and I seemed to be get
ting involved deeper and deeper in the investigation. 

The other main member of the committee was one of these natural born computer guys 
- Masters in Com-Sci and all that good stuff. So, while I was looking at the convenience of 
the system related to how our design process operated and what I though it ought to do - he 
could look at the "ARCHITECTURE" and decide which had the most potential for future 
expansion. (I always thought architecture related to designing buildings.) 

Well, along about September/October, 1978 we thought we had enough general 
background to write up what we called our "Wish List". It consisted of everything we could 
think of that we might want a CAD system to do, short of just being able to say "Design me 
a new sewing machine", and have one fall out the tube. Finally, in November, 1978, we got 
this "Wish List" in shape and we sent it outto about ten CAD companies with a request that 
they comment on their ability to grant each of our wishes, and give an approximate cost for 
doing it. Well, it seems that we weren't very imaginative in our wishing because several com
panies replied that they could grant our every desire and that their standard equipment would 
do most of it. 
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Well, then the fun really started. We had salesmen from all the companies beating our 
doors down and, naturally, when each salesman left, we were convinced he had the best 
system. The only one different was C.V. - we had to chase them till they finally caught us. 

In December, at the direction of our Chairman in the Corporate Engineering Office, we 
selected the two most eligible systems and began to prepare an RFQ letter. 

Now this R.F.Q. letter was to "completely specify" the system and also set up a 
timetable for implementation. (I was to find out shortly what ''completely specify'' could 
mean.) We were in such a hurry to get the system installed that I was to get the letters out 
within two weeks, both companies were to let us know immediately if they intended to bid, 
and then get the firm quotes back to us within 30 days. Then we were allowed 15 days to 
evaluate the bids and decide which system we wanted, and another 15 days to get the AR ap
proved and get a P .0. out. This all got us out to March 1st, 1979, by which time someone 
would have a P. 0. in their hot little hands and we expected a system to be delivered by July 
1st, 1979. So much for good intentions. 

The schedule was issued and we were on our way. Up to the 1st draft of the R.F.Q. letter 
we were still on schedule. We made up lists of equipment for both contenders and were very 
careful to insure that we were really comparing apple to apples in specifying. both systems 
(and I didn't mean Apple Computers). In addition to these equipment lists.and our;Wish List, 
I wrote up a 1-112 page letter which I felt covered everything we were looki11~fQfq'tfipeeded 
to pin down in a quote. It covered guarantees, training, installation and all.the·.(l'tl:i~~~things I 
could think of. Then I sent a draft of it to our Chairman for what I expect~d \ ~ quick 
approval, and I'd get it out on time. Then the fun started. He said it looks· .can't .. · .... 
you "Flesh it out" a little. It seems as though a 112 million dollar piece of'. • .·. > t should•'~ 
have more of a specification. He was obviously right, but there went our sch~~p:l~~;:· 

We spent the next 3 months re-studying and discussing the systems and ~·~ti~;sure 
covered everything that could be covered in a specification. My 1-112 pages haq g~own to 8 
and we'd even considered, but hadn't included, trying to specify exactly how theJtystem 
should work. We finally agreed "if you buy a Ford you get a Ford transmission." Ford isn't 
going to change the "What you may call it" gear from this side to that side just because we 
think it would be better that way. We're buying an off-the-shelf system. We decide which one 
we want and take it the way it comes. 

At that point we agreed we'd better get the R.F.Q. out because we'd be better off with a 
partially specified something than a fully specified nothing. 

We then ran it by the Corporate Director of Engineering to get his blessing before it was 
mailed. After all, 112 million dollars is slightly above my approval level. Since he had been 
100% behind the project to begin with, we expected a very quick O.K. (Remember this was 
still just an R.F.Q.) But it was delayed! 

What I didn't realize was that all this time we were in the process of hiring a new Vice 
President of Engineering and they wanted to give him a chance to have his say about anything 
as important as this. 

So, finally, at the end of June, 1979, we mailed the R.F.Q. We were still in a hurry 
th,Qugh, and demanded immediate replies and complete quotes within 30 days. Early delivery 
was still stressed as being of prime importance and would weigh heavily in our decision. 

When the quotes came in - on time - (within their 30 days) I was on vacation, but my 
computer friend handled them and got things started on the evaluation, and on an AR. By 
January 31, 1980, we had the Appropriation Request signed and a PO in C.V.'s hands. From 
that point on we had some good ones and some bad ones. 

A good one was that our system was delivered in June rather than September, as original
ly scheduled. The bad one was that we got CADDS 3 instead of CADDS 4 because CADDS 4 
wasn't available yet. 

A good one was that we had "State of the Art" equipment which will be enhanced and 
upgraded for a long time to come. The bad one was that we had to live with "State of the 
Art" bugs. We had every problem that anyone using C.V. equipment had ever heard of and 
many that they hope no one else ever does hear of! 

A good one was that the pressure of work forced us to get "up" on the system and start 
doing productive work very quickly. The bad one was that we couldn't take the time to learn 
the extra tricks that will speed things up later on. 
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In a committee session at the East Coast Users Meeting in the Spring, I mentioned a few 
of the things I thought we had done right in getting our system off the ground. At the ex
pense of being repetitious to a few of you here, I'll mention them again, in the hope that it 
may help someone else get started right. If someone has a better way, please come and tell me 
about it later. 

The first thing we did right was, in setting up our organization for the system. We were 
fortunate in having this very strong computer guy already in the organization so we split 
responsibility between system and operation. It was a good move. It allowed us to pick a guy 
to operate the design end who was very strong in our product and method of development. 
He didn't have to know anything about computers. Fortunately, he's learned a heck of a lot 
about the system since then and is doing a real good job. 

The next thing we did right was selection of the operators. I've heard that some com
panies have had a lot of problems in this area. Some designers think the system is going to 
take their jobs - some resent the multi-shift operation - some who don't get on it are 
jealous, etc. We've been lucky! 

Close to a year before we got a system we had all our designers together (about 60 
people) and told ttiem what we were planning and where we stood. At that stage we asked for 
volunteer '' d saw we would try, as far as possible, to only use people who really wanted to 
go on. '''.\;;;Ji;~;,i;;< ': 

Aftet'tW~',df<iecided on a C. V. system, had the A.R. approved and got the order in, we 
got toget. , · ~gaitf:w· h all the people who had volunteered initially. This time we made it 
sound as/ ·· i:;}'ii le, told th~m they'd have to do some kind of shift work. We hadn't 
made ani . ' ·· sto just ho.w we would work it or when we'd start a second shift, but 
~ted t6 .. / ii at everyone knew what they were in for and not have any surprises. 

E; . Well, lt'tilf int, with the prospect of shift work, a few of the original volunteers 
dfopped ouff;J, e still had twice as many people on the list as we. could handle in the 1st 
training sessi'Qb;) ortunately, most of the top guys, - the ones I wanted to see on the system, 
- were still in the running. One of the principles of selection was that we'd use guys who 
were already top product designers on the board. We felt it would be much easier to train a 
good designer to use the system than to train a computer type to be a designer. In fact, many 
computer people might never make good designers. There again we were right. It's worked 
out very well. 

The third thing we did right was to start off in 3D. Even C.V. didn't recommend this, 
but I've seen too many companies buy a system, start.with 20 and never get around to chang
ing. Anyone who intends to do real mechanical design should start with 30 and take advan
tage of all the "Freebies" inherent in that mode. It's. harder to get started, but the longer you 
put it off the harder it is to change over. 

The last thing I want to mention is a little trick we used to bridge the gap between train
ing and work. After we'd had the system a few weeks, the guys were still doing canned prac
tice programs and inserting existing parts into the system. It was time to break out of the rut 
and start getting some work done. They seemed to be afraid to start any real layout work or 
new 'design. At that point, we made sure that each one had a real design project to work on 
and then said they should spend 4 hours on the board and 4 hours on the system doing tl:].e 
same job. That seemed to be the key that unlocked everything. In only a few days they found 
that they could do most things faster and better on the system, and from then on we've had 
more trouble getting them off than keeping them on. 
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F006 ERROR RECOVERY 

Patrick D. Rice 
Boeing Computer Services Company 

Renton, WA 98055 
MIS 6C-07 

(206) 251~2595 

1 a .. ·.n ····s-,.,RA~.·-'-.1,,r ... 1. i • ··;~ '.I. '4t.tJC~: li· .. 

· This pap~f.:;.aeais with disc IlO type F006 errors. lttraces their cause as a result of cor
rupt file manager data. It present a basic outline of CV's file manager and catalogue struc
ture, and presents a procedure to recover data from corrupted discs by using the PACHDISC 
command to restore corrupt data and addresses to. their proper value. 

The outlined procedure has been very successful in disc data recovery of F006 error 
occurrences. 

INTRODUCTION 
Have you ever seen this message while doing an FMCLEAR or writing a file to tape? 

**ERROR CALL F006** 
--ERROR CONDITION ON I/O REQUEST--
ACTUAL ERROR VALUE IS IN ACO. USE DUMPERR COMMAND. 
**RETURN TO SYSTEM** 

What is your usual course of action when this message occurs? Do you try to save what
ever files you can and· then rebuild the pack? This paper outlines a method of recovery that 
will save the entire disc in many cases and most of the disc nearly all the time. 

The procedure requires an understanding of the internal workings of the CGP-100/10, 
specifically the file manager and the PACHDISC utility, and the ability to interpret what the 
system is telling you when it says F006. 

WHAT IS A F006? .· 
A F006 is a generalized system I/O error. It occurs when the system encounters a prob

lem in a read/write operation. The problem can be as simple as the tape drive being powered 
down or as complex as a complete corruption of the file management area. More specific in
formation about what the problem is can be obtained using the DUMPERR command. The 
resulting printout, figure 1, gives a coded message about which device is at fault and a 
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somewhat vague description of the problem. The DUMPERR command should be issued im~ 
mediately after the occurrence of a F006 or the contents of the accumulators will be overwrit
ten. This code is found in the contents of accumulator 0, (ACO), the underlined word in 
figure 1. 

**ER11ol-? CALL r006** 
--FL?liOH r~ . .l.)~JO IT Io.\J ON I/O ~?EOUEST--
ACTUAL 1:R1-tOR VALUE IS IN ACO. usr: DUMPfRR CCPl,!,\M!!). 
*w-Rr:TUl-?f-1 To SYSTEM** 

O>DUMPFtN 
rROM LoCA..TioN 7E4A 
ACn-3 

Ul04 7F9~ 1806 JE4A 
ROLL TAB 

2 74U I f~7 I 0592 OoOl'i 3390 2950 FFr:F FFFF 
IC04 0003 0521 .1141- 131A 0002 7F41~ 3174 
1U2b 371JF 4FJn 2A!31 4F26 2CA2 4AllJ 4d29 
ih9~ 0~3Dr) 

**Fh'r?dl~ CALL FOUl'i** 

Figure 1: DUMPERR Printout 

The left two characters tell which device can't be communicated with and t~~·right two 
characters give a generalized problem code. Interpretations of these codes can be found in sec.: 
tion 4 of the CGOSl00/10 O/S manual. They are summarized in figure 2. 

Left byte 
00 

01 

Unit 
TAPE 

DISC 

Figure 2: Decoding of ACG 

Right byte 
01 
03 
04 
05 
06 

00 
01 
02 
03 
04 
05 
06 

Problem 
End of tape violation 
Writing exceeds MTRECMAX 
Hardware error in tape I/O 
Non-existent command 
I/O attempt, tape not ready 

Hardware error in disc I/O 
Bad location on pack 
Bad unit argument in I/O call 
Bad argument in I/O call 
Invalid drive number argument 
Disc error not recoverable in retry 
Disc error on recalibration attempt 

Figure 2 is just a partial list and it is applicable only to CGOSlOO, i.e., CADDS3 rev 10 
and before. CGOS200, CADDS3 rev. 11 and CADDS 4, have a similar structure but a dif
ferent coding. 

Some F006's present no real problem, being as simple to resolve as putting the line 
printer on-line. The ones covered here are more difficult to resolve. Their ACO code is 0104 
and is usually preceded by the message "VOLUME NOT ON ASSIGNED DRIVE." 

Most often this message appears when a bad disc address has been passed to the disc read 
utilities from the file manager. To understand how this can happen, we need to look into the 
file manager catalogue structure. 

436 



FILE MANAGER AND CATALOGUE STRUCTURE 
As you know, COOS supports a hierarchal filing system in which each file - whether it 

be a graphics part, textile, a keyfile, object code, etc. - is stored under a subcatalogue which 
is, in turn, sorted under a higher subcatalogue and so on up to the highest catalogue level, 
which is SYSCATLG. All files and subcatalogues can be found somewhere under this main 
directory. 

For the system to move around in the file management area efficiently, there must be 
pointers, both forward and backward, letting the system know where it has been, where it is, 
and where it is going. These pointers can be represented graphically as in figure 3. 

These pointers, as well as other pertinent data about each subcatalogue and file, are 
generated and stored when the file is initially created, and are updated whenever a file is ac
cessed. 

Each subcatalogue is allocated an amount of disc space equal to the cluster size establish
ed in the FMINIT command issued .when the pack was built. The cluster size is an integral 
power of 2 and determines the smallest number of sectors that can be allocated for any data 
storage. This pape,r 'will assume a cluster size of 4 sectors. This means that each level of a part 
name deli · ·. ·.. by ·periods would take 4 sectors of disc space. For a part name with the full 
35 levels'., *ed, by the file manager, a minimum of 140 sectors would be allocated just to 
store,the -·.~. "'.,' 

:,:,.: 

_,, KEYflLE 
dloc lAEO 

CV lfffO 
CAD 20020 

J !.f:i'Llf'.AO 

NAMEl 24448 
NAME2 2AEAE 

CAO 
dloc 20020 

MECll 33lAC 
ELEC 342E4 

Figure 3 

NAME2 
dloc 2AEAE 

COM 
RGO 

35460 
3589C 

dloc 35460 __ _ f COM 

dloc 342E4 dloc 331AIJ f.LEC r BBCD 

i---: i---~---· 1 

""''" . 331"' ~ 1,"'"' . "'""! 
MENU! 35180 ! ! I 

I 
I 
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BASES, NUMBERS AND TEXT 
Through this paper, decimal, hexadecimal and binary numbers are used. When it isn't 

clear which base a number is in, it will be specifically stated. As a brush up, table 1 gives hex 
to decimal conversions. 

Table 1: 
Hex to Decimal Conversion 

HEX DECIMAL 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
A 10 
B 11 
c 12 
D 13 
E 14 
F 15 

. . . 

Each sector contains 256 words. That's 100 hex. Each word has ibytes, each?<:byte has 8 
bits or 2 nibbles. A nibble has 4 bits. 

Each nibble of 4 bits can be represented by a single hexidecimal number. So a 16 bit 
word - 4 nibbles - can be represented by a 4 digit hex number. 

This is a good place to mention ASCII coded alpha-numeric characters. CV used an 8 bit 
ASCII code. Each alpha-numeric and special character on a keyboard can be represented by a 
unique 8 bit combination. A 16 bit word can hold 2 ASCII codes. CV's ASCII appears in 
figure 4. 

BO NUL AO SP co @ EO \ 

Bl SOH Al Cl A El a 
B2 STX A2 II C2 B E2 b 
B3 ETX A3 # C3 c E3 c 
B4 EOT A4 $ C4 D E4 d 
B5 ENQ A5 % C5 E E5 e 
B6 ACK A6 & C6 F E6 f 
Bl BEEP A7 Cl G E7 g 
BB BS AB ( CB H EB h 
89 HT A9 ) C9 I E9 ; 
BA LF AA * CA J EA j 
BB VT AB + CB K EB k 
BC FF AC cc. L EC 1 
80 CR AD CD M ED m 
8E so AE CE N EE n 
BF SI AF I CF 0 EF 0 
90 OLE BO 0 DO p FO p 
91 DCl Bl 1 Dl Q Fl g 

Figure 4: CV 8 BIT ASCII 

(continued) 
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92 DC2 82 2 02 R F2 r 
93 DC3 83 3 03 s F3 s 
94 DC4 84 4 04 T F4 t 
95 NAK BS 5 05 u FS u 
96 SYN B6 6 06 v F6 v 
97 ET8 B7 7 07 w F7 w 
98 CAN 88 8 DB x F8 x 
99 EM 89 9 D9 y F9 y 
9A SUB BA DA z FA z 
9B ECS BB DB [ FB { 
9C FS BC DC \ FC I 

I 

9D GS so· = DD J FD } 
9E RS BE DE ,... FE "J 

9F us BF ? OF FF DEL 

Figu,~~: (continued) 
. :x~~-:t~ ... 

Td·~g~onsist¢~t with CV convention all database words will be presented in a format of 
4 hex digrts. 

~~- ' 

FILE MAN:~GER; DATA STRUCTURE 
< ·. With n(.l~ticih established we can now look at the actual strueture of a subcatalogue. As 

nientioited abbv~: eash subcatalogue is allocated. one cluster, 4 sectors in this example, of disc 
space .. )Each s~~tor within the cl,µster has the same format. Figure 5 shows how a dump of a 
subcatalogue ~ctor',would appear on the comdev. 

n0nn ()f)f)() A721 FFFF 11nnn 080 I l")()f)2 C'>CF CFD4 • • ' ••••••••• FONT 
0008 C4C~ C6lJ3 AOAO AOAO AOAO AOAO AOAO AOAO OEFS 
')f) In 29 33 57FD AA.90 I 00n 84 ()') nn0 I n0n I ...;08() ... ] * '• ......... ,, 
OUl8 0014 0000 0000 0000 0000 0000 0000 C2C9 •••••••••••••• BI 
0020 01f)•) CEC3 AOA.0 l\OAO A0Au AOAO AOAO AOAO SYNC 
002B Ml A') /I.AU 7 9278 2A9D !")(V)() n I no ()l')f)f) f)f'\f\f) * ............. 
0030 A 7 J:J 0004 ~)000 JOOO 0000 0000 0000 0000 , 

••••••••••••••• 
/")(') 3d A1>C2 C3C4 A0An Af'A0 AOA0 A0A0 A0A'). A.OA/'l &BCD 
()fJ40 AOAO AOAO AA87 Y278 2A91) 00()0 0100 0000 * ........... 
OJ413 C·OO,) A 74C ()f)04 nnnn f)f)f)f) nnnn Of)f)() I")()()() , 

• • • • • • • • • • • • • • • 
00~)0 000() CIOO .J41J7 Ct=D2 C4D3 AOAO AOAO AOAO • • APT~"JpRDS 
OJ5fl A0AJ AlJAO 11.UAO A.A 8 7 92~H 2A 9[) 0000 0100 * •........ 
()')()() Ol)fV) nryn Ad IC 0004 0000 0000 0000 nooo . . . . ( ........... 
0063 l)()JO 0000 C2C1 C4C4 C5Ct, AOAO AJAO AOAO •••• RCDDE=F 
1")')7f) Ar1Ar') AOAO M)Af) AOAO AA:·J7 9?.85 2A9D ()('\/")() * ••...•• 
CY.l7R 0100 0000 0000 .\~j2C 0004 0000 uooo l)000 ...... ( ......... 
()f)tj() f)l)l'V) ()f)l)('I ()l")f)() C.?CF CD An 'A\I A0 Af1A0 A.0An •••••• f1()1.,\ 
<YJflB AOAO AOAO AOAO AOAO AOA0 AA87 9299 2A9[) * ..•.. 
t)0<.)Q OOOl) OIUO 1)000 f)f)f\f"\ A.95C ('\f\f)4 ()()()() 1')0()() ........ ) ....... 
0098 f)l)I)() 0000 0000 0000 CJCI AOAO AOAO AOAO .... ~ .... c I\. 
:)JAO A0A0 A0A0 AuAO AOAO AO Au AOAO AA87 920C * ... 
0')A d 2A91J ')()()() 0 Inn ()()()/') nooo A9HO 01)()4 .)nno • • • • • • • • • • ) 0 •••• 
OOHO 000\J 0000 l)l)00 00·)0 0000 C1C"3 C1D2 C1C1 •••••••••• CHA~?AC 
()')l~d 04C~ 02AD C3CF C4C~ A.OA0 A'1 A.<' A'1An AAb7 TFR-C()lff *· 
f')')CO 9~9F 2A9D oono 0100 0000 OOOP A':JIJ4 1)(1()4 •••••••••••• > r .. 
0dC13 uonn nnno nnnn ()')(lf) ()(l/")f) nnnn CJCF CDCU ••••• · ••••••• CC> ~A,'A 

Figure 5: Subcatalogue Dump 
(continued) 
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OJI)() AOA.J AOAO AOAO AOAO AOAO AOAO A'JA.') AOAO 
dl)f)~~ AA:-3 7 92A3 2A.<;f) ·JOOO JI 00 0000 (jl)().) I\ A 00 *··# •••••.•• ···*· 
rv1 Fn 01)() 4 ()()()0 ()1)(1() 1>000 oono Q<)f)() 0000 C3D5 .............. c lJ 
.. 1Jn~ j IJ201) C5AO Au AO AOA.0 AOAO AO Au AOAO AOAO 11'/ r: 
0'1Fn Af1·\'1 AAU7 t)?A4 2A9D ()()()') 0 I 00 00nn f)f')()() * .. $ •••••••••• 
1)0f-8 A.A.IC 0004 L)L)l)0 ,)000 000!) 001JO 0000 0000 * ............... 
Figure 5: {continued) 

The numbers in the first column are the numbers, in hex, of the first word of each line. 
The next 8 columns are the hex representation, by word, of the binary data in the sector. To 
the right of this the system prints any ASCII coded byte that might appear. in the data. For 
any byte that isn't an ASCII code, the system prints a period. 

The first 6 words in each sector form the sector h,eader. The first two, words 0 and 1 give 
the address of the next sector. All file manager addresses are sector addresses. Word 2 is the 
empty sector flag. This word contains FFFF if there is data in the sector., 0000 if th:-~Js 
none. Words 3 and 4 contain the sector address of the next higher level subcatalogtje';::~1trd 5 
is an entry pointer into that sector. The function of this pointer will be cla~ified·,shortly; ~ 

Following. the header are the entries for each subcatalogue to be found under this patent 
subcatalogue. Each of these entries contain 19 hex, 25 decimal, words. E~ch file manageijlen;t, 
sector can hold up to 10 subcatalogue entries. The entry pointer mentioned a,s~W(:)rd S in ,th.~ .. :\ 
header is this position number, pointing back to a subcatalogue's position fa;·if~·Ji~ent ..•. ·.· .. · ·., ·!:~-
catalogue. "'··.t;;)z 

The format of each subcatalogue entry is shown in figure 6. · :;;<{' 

Word 
1-10 
11 
12 
13 
14 
15 
16 
17-18 
19 
20-21 
22-23 
24 
25 

Contents 
20 character catname in ASCII 
creation data 
creation time (1 second intervals) 
access data 
protection group 
status bit map 
use count 
dloc of entries 
sector count of catalogue 
dloc of RIB; else 0000 
user defined attributes 
checksum 
file type 

Figure 6: Format of Subcatalogue entry 

'· 

Words 1-10 hold the subcatalogue name in ASCU. These 10 words can hold 20 ASCII 
characters. This is why there is a 20 character limit to subcatalogue names. Word 11 is the 
coded creation data, word 12 is the creation time and word 13 the access data. Word 14 is the 
protection group. Word 15 is a status flag bit map which will be covered below. Word 16 
gives the number of users currently accessing the catalogue. Words 17 and 18 contain the ad
dress of the sector containing the subcatalogue entries for this subcatalogue and word 19 is 
the sector count for that subcatalogue. Words 20 and 21 contain the sector address of a RIB 
or retrieval information block which, simplified, holds addresses of clusters used to continue 
subcatalogue entries if the initial cluster becomes full. 

Words 22 and 23 contain user defined attributes which can only be set or modified under 
system programmer control. Word 24 is the check sum for type 2, 3, 4, 5 and 8 files. Word 
25 is the file type of the entry. If the entry is a subcatalogue, this word is 0000. CV file types 
are shown in figure 7. The status word, word 15, has a format as shown in figure 8. 
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Bit number 
Binary 
Hexideeimal 

Type Description 
0 Not Defined (May be a catalogue) 
1 Catalogue 
2 Object Code 
3 Text 
4 Configuration 
5 Upper-Lower Case Text 
6 Pep Object Code 
7 Core Image (Overlay) 
8 Command Table 
9 Loader Data File 
B Access/ Accounting Data 
F PCU Image File 

Figure 7: CV File Types 

15 8 7 

o o o!o 1 0 

8 5 0 

Bit Meaning 
15 file in use 
14 open for modify in place 
13 delete when closed iff word F = 0 
12 open for create 
11 temp catalogue entry 
10 open for read 
9 open for short read 
8 file is a catalogue 

Figure 8: Status Word Bit Map 

0 

o o oj 
0 

Only the 8 bits of the left byte are used. The right byte should always be zero. Some 
typical values for this word would be 0100, 8400, 8500. Looking at 8500 as an example the 
bits that set are 15, 10 and 8 meaning the file is in use, itis open for read and it is a 
catalogue. The FMCLEAR command operates on this word setting any bits to zero that in
dicate the file is open or in use. 

SAMPLE TRACING THROUGH THE CATALOGUE STRUCTURE 
To see how these addresses and pointers interrelate we will look at all the catalogue levels 

of the file CD3PRTS.LEVEL1-NAME1.LEVEL2-NAME2.LEVEL3-NAME2. We can start 
anywhere within the catalogue structure and find our way backward to SYSCATG or forward 
to the COM and RGO files. 

We'll start with the LEVELl-NAMEl subcatalogue. The command LISTCATCD3PRTS/ 
LEVELl-NAMEl/FULL will give the following information about the subcatalogue: 
CD3PRTS.LEVEL1-NAME1. 
4-27-81 15:17:18 0001E834 0 0004 1 0000 0100 
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The entries are: the creation date and creation time, the sector address of the sub
catalogue, a contiguous flag, the sector count of the first contiguous chunk of the sub-
catalogue, the file type, the protection group and the status word. · 

Using the P ACHDISC command we can printout the contents of the sector located at 
1E834. This is shown in figure 9. 

OiJOO 0001 EU35 FFFF 0003 0014 OUOJ CCC5 r)6C5 ..rl ••••• J ••• LF.VF 
n0n8 CCl3~ ADCE CICD C~BI AOA0 An AO A0M1 AO An L2-NA 1,\FI 
()JlO AA9B 2E3E 2A9D 0000 0100 0000 0001 cH38 * • • • • • • . • • • • . • H • 
l)L) l ~3 0004 noon nn00 nnnn rinnn nnnn nnn0 · CCC5 ••• , •••••••••• L .. F 
0020 U6C5 CCB2 ADCE Cl CD C5!32 AOAO AOAO AOAiJ V L:L2-~JA ME;:> 
tJU2? . AUAJ AA9l~ 21:9F 2A9D OQt)l) 01 t)O uooo Or)OJ * .. · ........... 
()f) J() A4CC 0004 on no 0000 Ot'OO ('000 0000 00()0 SL • •••••••••••.• 
UJJH CCC5 D6C5 CC82 l\UCF Cl CIJ C5 RJ AJAO AOAO LFV r-L2-~'A MF .1 
()f)40 AnA0 AOA0 2A9C 7Ft- I 2A •)U ()()')0 01nn rinnn ..... \;A.:'..' • • • • • •. • 
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Figure 9: SYSCATLG.CD3PRTS.LEVEL 1·NAME1.LEVEL2·NAME2.LEVEL3·NAME2 

This is the LEVELl-NAMEl subcatalogue. Within it are 3 entries, LEVELirNAMEl, 
LEVEL2-NAME2 and LEVEL2-NAME3. The parent catalogue is located at 3PI>l4 and 
LEVELl-NAMEl is the first entry in that catalogue (words 3, 4 & 5). ·.· . 

Looking at the contents of 3DD14, figure 10, we find 3 entries. The first, as expecte~, is 
LEVELl-NAMEl. Its address (words 16 & 17) is 1E834 which is where we just came from . 

0000 0003 0015 FFFi-: 0000 0802 0004 CCC5 i )6C5 • • J ••••••••• LEVE 
oooe CCIJ I ADCF CICD C5 Bl AOAO AOAO AOAO AOAO L I -~ 1 A ,'ff I 
'10 I () AA9'rJ 2t3E 2A9D nn00 0 I 'Yl nl"l'lO on0 I ~b34 * .•. • ••. • . • ••• H. 
f)') I d 0004 (JUOO UOOO 0000 0000 00t)0 uouo U4CP] .............. ~rx 
/")')?() U-1A') A0An A')A() A0A'I AOA0 AOAO Al1A0 1\0 A/'\ T 
1)028 AOAO AA91' 31i3A 2A')D 0000 0100 0000 0001 * .. : .......... 
iJlnu F811H ()()f)4 ()•)r')f) ()t)('r\ ()('(V) 0(1 ()() rl()f)f) nnn0 r f d ••• · ••••••••••• 
ODJR CCC5 06C5 cc·~ 1 A~iCE CIC.> C5fQ AOAO AOAO LEV F:L 1-~1 A:'··\~?. 
l)U4 O AUA.0 AOAO 2A.9C ~1J4>:3 2A 9') 0000 0100 0000 • • • • • • • • • • • • 
')') 11 0 IY)') I A4AC ()( >04 0000 0000 onoo ()()00 000() .. s •............ 
~}J~ (J Uv·JJ CCC5 U6C5 CC81 ADC': CIC[) C'? L' 3 AOAO •• L FV J'.'.L I - ~JA /.lt:J 
'V)j tJ A'IAll An An A fl A fl 2A9C tlJdtj '?_AQ!) l}f)()f) 0 I n0 .......... 
00(,0 ()l)t)() 0001 ,.JAFR 000.:J 0000 001)0 0000 ()000 ..... x .......... 
0').~H f).')f'l'') n0nr, ()()()(\ ()()()() l"\(VI() n000 ()()()() : ()()f)() ' ..•.......•••.•.. 

Figure 10: SYSCATLG.CD3PRTS.LEVEL 1·NAME1.LEVEL2·NAME2.LEVEL3-NAME2 

The next up level catalogue is at location 802 (words 3 & 4) and the catalogue we're cur
rently in will be the fourth entry (word 5) in 802. 

Patching into 802, which is SYSCATLG, we find the fourth entry is CD3PRTS, 
figure 11. 
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Figure 11:SYSCATLG.CDaPRTS.LEVEL1 ·NAME1 .LEVEL2·NAME2.LEVEL3·NAME2 

Returning to Jighre 9 we will now trace downward to the COM and RGO files. The sec-
ond entry is LEVEL2:..NAME2. Its address, words 2F and 30, is 1A4CC and the contents of 
that address are shown in figure 12. 
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·1'12() DtiC'i ecru AUCF: CICD c:) r3.? AOAO AOAO AOAO V r.L 3-~iA \~ F. ;> 
Jv2il, AUfl.U AA9't:3 3 (}.,) [) 2A9D ,)()():) 0100 (•000 0001 * ............. 
rv)Jn '-) 71"'i 4 nnn4 ()()()() nnnn nnnlJ ~nnn (ll")()f) ()(')t\f) ................ 
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Figure 12: SYSCATLG.CD3PRTS.LEVEL 1·NAME1.LEVEL2·NAME2.LEVEL3·NAME2 

The second entry in this subcatalogue is LEVEL3-NAME2 and its address is 19704. 
At 19704 we find the listings shown in figure 13. 

'.) 1)00 0'1U I 9-,()~) 1:r:FJ-= 000 I A4CC ()()!) 2 Ll2C7 WAO ........ s L •• PGf) 
0,Jub /1 OA ,) A0A0 AUAO AOAU AOAU AUAO AOAO A.OAO 
'1'1 I n /\A ()C n 7F I 2A'IU ()()()() ()()')') f)()()O 0'104 i32FC * • •A • • • • • • • • •. ?\ 
\):JI H u ;)s 'j C.!OUO 1..)0~10 0000 0000 ()Qi,)0 0000 1r.i-:c .............. (~() 
1') .;.in CLH\ ') An An AIJAn A.'1A'1 An A') f\.'1A() /\'1A0 AnAIJ '·i 
()0 ?fl AOAU 2A9C ddFF 2A9C 0000 0000 0000 0()()5 .......... 
UJJU LilJCU G2Bf:3 ()()()() nnnn f)(l()I) ()()')() nnrin ')()()!") • '':t • tS •••••••••••• 
OOJf:> <) i)!}) oono 1)()00 0000 OC100 (1()()() ()000 ()()()() ................ 
Figure 13: SYSCATLG.CD3PRTS.LEVEL 1·NAME1.LEVEL2·NAME2.LEVEL3·NAME2 

443 



Here we find entries for the Regen and COM files. The actual Regen data starts at loca-
tion 4B2FC, words 16 & 17, and requires 258 sectors, word 18. The com data starts at 
59DCO, words 2F & 30, and requires 2B8 sectors, word 31. 

Printouts of the actual Regen and COM data, figures 14 & 15, show how different their 
structure is. 
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• .L • • ·-
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\)1.)5 H I! /!:I) <JFCA 47CC .\ 000 4 7 r::n 91=C" 4 7CC 3 ·12r:: • • ~1. ~.-L • .1i-~j • :J .I..;·• .-
()000 4 /f:!) 7HLN 47CC 143D 4 ·/EJ 4 770 4 rec I tt 3D • ·· :) .• Y • L • • • fa) • .• .• L • • 
l~~h.J() ~i UUl ') 4 n::o f-=5~4 47CC 1411) 471:0 ~ -S24 4 7CC • • • ,;). \' •• L • .• • -'f'~ V • • L 
()f) "/() c2r:1 4 7r: I 4D 1r: 17CC C?Fl t1 7C:I l ()fir: ,nr.c •n. ft •• ~L.80. A ••• L 
l):J 7F l; l p 471:1 7lif.F 47CC 7fiOF e 71='.l 11 :)7 r: 17C8 I •• A . •• .•.. L •• • -f.. . •.• fl l 
f')i){j') f\H() 7 4 u:r1 F ')24 4 7CC f-.P91 l'V')() t) 4 lt=' I 4!>71- ••• _::'"')-V- -•---·. -~:L· •• -•• . •A-.•·. 
'YJuR 4/CC '."it19 7 41EI 700F 47CC 14.11) O•JOD 171:: I • L .-- •• tt·;:-~: •• L ••.• -• • _-A 
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Figure 14: Typical RGO File 
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Figure 15: Typical COM File 
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INVALID POINTERS 
As the subcatalogue listings show, addresses are stored in two 16 bit words. The number 

of distinct addresses available using 32 bits is 232 or 4,294,967 ,296. Since a 150M word disc 
contains 508,702 sectors, only .012% of all possible addresses are valid; the other 99.988% are 
invalid. 

If one of these invalid numbers is passed to a disc read utility routine, the system tries to 
find an auxiliary disc drive or a disc volume which would use the erroneous number as a valid 
address. Not finding it, the system gives a F006 error with the message "INVALID DRIVE 
NµMBER ARGUMENT", or "VOLUME NOT ON ASSIGNED DRIVE." 

· .· < .. Addresses can become invalid by several means; a power surge or static discharge during 
afiling operation, a faulty bit in memory, a faulty disc controller, etc. 

Both the hardware and the software in a CV system have many error checking routines 
but occasionally bad addresses will crop up. Once they do, the trick is to locate the bad ad
qress and returnifto its proper state. 

Any system command which accesses the file manager will trap to a F006 message if an 
· invalid adp.'fe'-Ss is encountered. Particularly dangerous is the FMCLEAR command. 

It is possible for this command to pick up an address that is within the valid range but 
.points to the wrong place - into the O/S for instance. It then goes in and starts resetting 
··.what it thinks are status words and wipes out the O/S before it crashes all together. Acold 

start will r~over the O/S but another FMCLEAR will wipe it out again. 

RECOVERY PROCEDURE . 
. This covers the preliminaries; the rest of the paper covers the meat of the topic - how to 

recover from it;'.F006. · · 
·We must.assume-itititially that there is not a severe hardware problem - a head crash or 

broken cable·.for instance. · 
· · Uthe system is down, go as far as necessary in Procedure Ito bring it up. then follow 

Procedure II. 

Procedure I 

1. Reboot but do not run FMCLEAR 
2. Coldstart the system 
3. Loada good disc pack into the drive and reboot. Press the CPU stop switch, power down 

the disc drive and put the bad disc back in, then press the CPU "continue" switch. 
4. If step 3 won't bring the system up you have a serious hardware problem. Call the CV 

Response Center. 
If the system is not down issue the DUMPERR command, and have all the users log off; 

then follow Procedure II to locate the bad address. 

Procedure II 

1. Issue the CHKDISC command. This step is optimal but it is useful in eliminating the 
possibility that a hard disc error is causing the cofruption. If CHKDISC fails in the first 
800 sectors of the disc (in the O/S), coldstart tbe system to bring it back up. If a coldstart 
won't work the disc must be reformatted or scrapped - after the files have been 
recovered; follow procedure I, step 3. If CHKDISC encounters a hard disc error in the file 
manager area it will eliminate the sector in which the error occurred by setting a bit in the 
"Cluster Allocation Table," a directory of available sectors. 

2. Issue the FMCHECK command. If the command that evoked the F006 was printing out 
catalogue listings, the bad file manager area is easy to locate. Run FMCHECK cat.subcat 
on the next higher catalogue level than the one that crashed. If the specific file manager 
area is not known, run FMCHECK on SYSCATLG. FMCHECK will terminate when it en'
counters a bad address or pointer and print a message indicating the last file processed. 
The bad subcatalogue or file will be the next one in the catalogue tree structure. 
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3. Determine the bad address or pointer. This is the step in which magic, clairvoyance, luck· 
and divine intervention are as helpful as a deep understanding of the file manager 
structure. 

Patch into the parent catalogue - use the LISTCA T command with the I /FULL op
tion to get the address and look for any of the following problems. 

The problem most often encountered will be a subcatalogue address pointing to 
something other than legitimate file manager data. If the correct address cannot be deter
mined - look for single bit changes in the address - the entire subcatalogue can be 
deleted by setting all 25 words of the entry to zero. This, of course, will wipe out all files 
under the subcatalogue, so if these files are irreplaceable, considerable effort should be put 
into determining the correct address. Other areas where errors can cause a F006 are: sub
catalogue sector count (word 19) should always be equal to the cluster size, a RIB address 
(words 20 & 21) can be invalid or indicate a RIB exists when there shouldn't be one, or 
RIB data can be invalid as can file types (word 25). 

Errors in the sector header can occur in the following places: Next sector a9firess 
(words 0 & 1) can be wrong, the address of the parent catalogue (words 2 & 3} or the index 
into it (word 4) can be wrong. 

Manually following the pointers, patching from one sector to the next will usually find 
the errant pointer and in most cases diligence will locate the correct pointer value. Occasional
ly an address will go bad just before a filing operation and a com file will be written right 
over 300 or 400 sectors of the catalogue structure. When this happens reconstruction and 
recovery are impossible. The FMINIT command should be issued and all parts and applica
tion software should be reloaded from backup. 

This overwriting is a fairly rare problem, however. Should it occur with any frequency, 
more than once every 6 months for instance, a hardware problem exists and CV should be 
contacted. F006's will occur either very frequently or very infrequently. When their occurrence 
changes from infrequent to frequent, contact the response center. 

Once the pointers have been reset or subcatalogues have been deleted, FMCHECK 
cat.subcat should be run to verify the success of the recovery. ~!!!J}le FMCHECK is successful, 
run FMCHECK on the entire SYSCATLG to determine if any~her errors exist. If this is suc
cessful, run FMCLEAR,NOTINUSE. 

At this point recovery is completed and any files which had to be deleted in the recovery 
process can be reloaded from backup tapes. 

Or, if it was determined in procedure II step 1 that the pack was unusable, a full backup 
can be performed and a new disc pack can be loaded. 

SUMMARY 
F006 errors can be recovered, but unless you are familiar with and comfortable in the file 

manager and catalogue structure, recovery can be a long tedious process. Time spent learning 
your way around in the file manager before a F006 occurs will be paid back many times over 
when you need to recover 200 hours of production or design work, and the pressures to get 
the system back up are high. 

So, to minimize loss of work, data and time, make daily backups and learn the file 
manager structure. It will pay off. 
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The information contained in this paper outlines the following procedures: 

(1) Semi-automatic offline storage of CADDS parts on magnetic tape; 
(2) The automatic updating of textfiles which are used for documentation of parts on 

tape and for assistance in locating a part that must be restored to disc; 
(3) The automatic updating of a master index of all parts that are on disc and archive 

tape; 
(4) The required steps to prepare textfiles and new tapes for the proper execution of the 

programs. 
This archiving system uses a series of EXECUTE and PAREX programs that are de

signed to enhance file managing. 

INDEX 
Section i 

Section I 

Section II 
Section III 

Section IV 
Appendix 

Introduction 

Introduction 
Flow Chart Diagram 
Procedures for Running 
EX.ARCHIVE.CD3PRTS 
Preliminary Preparation 
Master Index Maintenance 
A. Updating 
B. Status 
Locating Archived Parts 
1. CADD Parts Naming Convention Chart 
2. EX.ARCHIVE.PREP .CD3PRTS 

Shortly after the CADDS system went on stream at M&M/MARS, it became apparent 
that we should be writing a set of standard practices for naming files, archiving parts, and 
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have a means to quickly find these parts to restore them to disc. Over a period of several 
months, many different naming conventions and taping procedures were tried and their inade
quacies were soon discovered. 

During this period it became apparent that we needed a system of file managing in which 
we could quiz the system (using n > SRCHBCD) to locate a given part and determine (1) if it 
were on disc or tape, and (2) if it were on tape, give us the SAVFIL number and the DOREC 
numbers to facilitate quick restoring to disc. We also wanted the maintenance of this file 
managing system to be automated to minimize errors and file managing time. Our archiving 
program (EX.ARCHIVE.CD3PRTS) has been developed to fulfill these requirements. 

When EX.ARCHIVE.CD3PRTS is executed, parts are put to "PRIMARY" and 
"BACK-UP" magtapes for archival storage, and two textfiles (TP.ARCHIVE.INDEX and 
TP .ARCHIVE.(tape name)) are updated. The program also generates an execute program 
that, when executed, will delete the parts that have been put on tape. 

I RUN PAREX 
L~x .ARCHIVE .co3PRTS 

[ TM.ARCHIVE.PROO 

EXECUTE 
TM .ARCHIVE .PROG 

Tn .PARTS .LIST TM .PARTS .LISTI Tn .PARTS .LIST2 Tn .CD3PRTS. TEMPI 
!TEXT FILEl !TEXT FlLEl ITEXT FILEJ !TEXT FILEI 

Tn. ARCH I VE. ED I TOR 

EXECUTE 
TM.ARCHIVE .EDITOR 

ED ITS TAPNUM 
ANO FILNUM .INTO 

TP .ARCHIVE. INDEX 

PRIMARY ~ BACJ(-UP 
MAG TAPE WRITTEN 

TM .OELF IL .C03PRTS 

RUN PAREX 
TM. ARCH! VE. PARTS! 

Tn. ARCHIVE .PAR TSO 

EXECUTE 
TM .ARCHIVE .PRRTSO 

Tn .C03PRTS. TEMPO 

HAROCOPY PRINTED 

MERGE FILE 
I OOREC NO'S RODEO l 

TM. CD3PRTS. TEMPO 
EDITED INTO 

TP .ARCHIVE.ITAPNRMl 

Section one of this paper discusses the procedures to run EX.ARCHIVE.CD3PRTS. Sec
tions two through four will explain the necessary preliminary steps to prepare the system to 
run this program, suggestions for file naming conventions, formats, etc. and additional 
EXECUTE files to assist in file managing. 
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Section One 
Procedures for running EX.ARCHIVE.CD3PRTS 

Purpose-EX.ARCHlVE.CD3PRTS is executed to write CADDS parts on "PRIMARY" 
and "BACK-UP" magnetic for archival storage. The program also updates index textfiles and 
generates an EXECUTE file to delete archived parts from disc. 

Procedure: 
1. The operator determines what parts are to be archived and makes a list using as few 

catalog level names as possible to describe the part. 

2. The operator then determines the tape name {TAPNAM), tape number (TAPNUM), 
and savfil number (FILNUM) that the parts are to be stored under. 

3. Load the proper magtape on the magtape unit. (Be absolutely sure that the correct 
tapes are being used.) 

4. At a terminal other than the system hardcopy device, and at system level, type in 
n> EXECUTE EX.ARCHIVE.CD3PRTS ~ 

5. When the program pauses for variable input and after typing a RETURN the operator 
is requested to enter: 

TAPNAM-The third level (file name) of the tape name and supporting index text file. 
FILNUM-The two digit number used to indicate the SAVFIL level on a stacked tape 

(Useleading zeros). 
type aCONTROL-X to continue the program. 

6. Wheh the system pauses a second time for variable input, the operator is requested to 
ertter the following: 

CATLOG-'-The catalog of CD3PRTS being archived (do not use more than sixteen 
characters to identify a past or group of parts). 

TAPNUM-The four digit rtumber of the magnetic tape that the parts are to be stored 
on (Use leading zeros). 

FILNUM-refer to step five above. 

7. When the system pauses the third time for variable input, the operator enters the 
values for the CATLOG, TAPNUM, and FILNUM parameters as in step number six (6) 
above, only this time he/she is requested to cycle the PAREX program for each additional 
CATALOG being ARCHIVED. 

(The program prints "TYPE OK TO CYCLE") 
Type a CONTROL-X to continue the program. 
The program needs no further operator interaction, other than typing an occasional 

"CONTINUE" at a pause in the program. 
Note: These "PAUSES", with the exception of the pause located between two SAVFILS, 

may be deleted if desired. 
The program generates several text files and edits them into a specific format and the 

edits the results into the two permanent textfiles that serve as on line documentation tape 
indexes. A HARDCOPY list of parts saved is also printed out on the hardcopy device. 

8. At the "PAUSE" after the primary savfil is complete, remove the primary tape and 
load the back-up tape. Type "CONTINUE" to complete the program. 

If taping errors are encountered, extract the lines that contain all the taping commands 
and file names from TM.ARCHIVE.PARTSO to create a new execute program. 

After it has been determined what caused the error and corrections have been made, 
execute this new program. When both savfil tapes have been made without errors, execute 
TM.DELFIL.CD3PRTS to delete the archived parts from disc. 
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EXAMPLE : 

452 

NOTES: 
ITALICIZED TEXT INDICATES COMMANDS AND TEXT WHICH MUST 

BE ENTERED BY THE OPERATOR. 

THE FOLLOWING EXAMPLE IS A HARDCOPY OF THE AREAS IN THE 
PROGRAM WHICH REQUIRE OPERATOR INTERACTION ONLY. 

3> EXECUTE EX. ARCH/ VE. CDJPRTS 

3>DELETE TM.ARCHIVE//NLEV 
3>DELETE TM.PARTS//NLEV 
3>0ELETE TM.C03PRTS//NLEV 
3>DELETE TM.OELETE//NLEV 

3>CADOS 

PART NAME:TEMP 
CREATING NEH PART 
::::··········································i·············~:··:::: 
•••• TAPNAM = TH I RD LEVEL (FI LE l NAME OF THE TAPE PARTS ··~· •••• 
•••• ARE BE I NG SAVED ON ANO THE sue:PORTI NG TEXT .;;; •••• 
•••• FILE NAME. ' . •••• 
•••• FILNUM = 2 DIGIT MAGNETIC TAPE SAVFIL NUMBER •••• 
•••• lUSE LEADING ZEROS) •••• .... . ·~ .... 
·················································-····i·············· •RUN PAREX FILE=PX .ARCHIVE .CD3PRTS NOGO TflRGET TM -~~.G.tJ'~E.PRpG . 
PARAMS: CONTROL-Y CARRIAGE-RETURN ,,;:,;,,f,,~ , .. 

TAPNAM= CLASS-I-( J) Fl LNUM= 02 

VAR CMD• CONTROL -X 
•EXIT 

FILE=F: OONT=D: REPLY=D 
NEW PART=N: GOODBYE=G: REPLY=G 

························································~············ ••••• ••••• ••••• ••••• ••••• ••••• ••••• ••••• ••••• ••••• ••••• ••••• 

CATLOG = CATALOG OF CD3PRTS BEING ARCHIVED • 
TAPNUM = 4 DIG I l MAGNETIC TAPE NUMBER TH.AT 

THE PARTS ARE BEING SAVED ON • 
(USE LEADING ZEROS) . 

FILNUM = 2 DIGIT MAGNETIC TAPE SAVFil NUMBER 
CUSE LEADIG ZEROS) . 

RECYCLE AS MANY TIMES AS THERE ARE.CATALOGS 
TO BE FILED. USE THE SAME TAPNUM AND FILNUM 
FOR EACH CATLOG • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3>CAODS 

PART NAME:ARCHIVE.DUMMYO 
CREATING NEW PART 

•RUN PAREX FILE=TIT.PARTS.TEMPl TARGET TM.PARTS.TEMPO NOGO 



PARAMS: CONTROL-V 

CATLOG=N.DJR.DRS TAPNUM= 0028 FILNUM= 02· (CARRIAGE-RETURN) 

•RUN PAREX FILE=TM.PARTS.TEMP2 TARGET TM.PARTS .. TEMP3 CYCLE NOGO 

CATLOG=N.CHT.JHB TAPNUM= 0028 FILNUM= 02 (CARRIAGE-RETURN) 

TYPE OK TO RECYCLE 
>>GK (CARRIAGE-RETURN) 
PARAMS: (CARRIAGE-RETURN) 

CATLOG=N.GRF.RJE TAPNUM= 0028 FILNUM= 02 (CARRIAGE-RETURN) 

TYPE OK TO RECYCLE 
>> CRRR1RGE RETURN 

VAR CMD• CGNTROL-X 
•EXIT 

FILE=f: DONT=D: REPLY=D 
NEW PART=N: GOODBYE=G: REPLY=G 

3>ATTACH MT.TAPE 
TAPO OF TYPE TAPE ATTACHED AS MT 
3>RE:WINO 
3>fUT IL 
•COPY CD3PRTS.N.DIA.DAS,:MT02//NLEV 
• ADD CD3PRTS.N.CHT.JHB//NLEV 
• ADD CD3P~TS.N.GRF.RJE//NLEV 
• 3>REWIND 
3>CHECK :MT02 
3>REWIND 

•• MOUNT THE BACKUP TAPE ..•... 
3>PAUSE 
TYPE "CONTINUE" WHEN READY 

2 

CONTINUE 

3>REWINO 
3>FUTIL 
•COPY CD3PRTS.N.DIA.DAS,:MT02//NLEV 
•ADD CD3PRTS.N.CHT.JHB//NLEV 
•ADO CD3PRTS.N.GRF.RJE//NLEV 
# 

3>REWIND 
3>CHECK :MT02 
3>REWINO 
3>DETACH MT 
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EX.ARCHIVE.CD3PRTS 
5-25-81 8:32:28 

11<• 
21<• 
31<• 
41<• 
51<• 
61<• 
71<• 
81<• 
91<• 

101<• 
111<• 
121<• 
131<• 
141<• 
151<• 
161<• 
171<• 
181<• 
191<• 
201<• 
211<• 
221<• 
231<• 
241<• 
251<• 
261<111 
271<• 
281<• 
291<• 
301<• 
311 <• 
321<• 
331<• 
341<111 
351<• 
361<• 
371<• 
381<• 
391<• 
401<• 
411<• 
421<• 
431<• 
441<• 
451<• 
461<• 
471<• 
481<• 
491<• 
501<• 
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FILE: EX.ARCHIVE.CD3PRTS 
CREATED: 22 MAY 1981 
PROGRAMMER: RONALD SMITH 

PURPOSE: 
EX.ARCHIVE.CD3PRTS IS EXECUTED TO WRITE CLASS-I A 
CLASS-II CADDS PARt~oN A PRIMARY AND BACK-UP TAPE 
FOR ARCHIVAL STORAGE. THIS PROGRAM ALSO UPDATES TWO 
C2l TEXT FILES (JP.ARCHIVE.INDEX AND TP.ARCHIVE.CTAPENAMl. 
THESE FILES ARE USED FOR RAPID SEARCH AND l#'.O:CBTION OF ANY 
CADDS PART THAT IS ON DISK OR THAT HAS BEEN A'RCHlVE. 
THIS PROGRAM ALSO CREATES AN EXECUTE FICE'THAT WHfN 
EXECUTED. WILL DELETE THE ARCHIVED PARTS. . ~ .. 

PROCEDURE: 
1. 

2. 

3. 

4 •. 

5. 

6. 

7. 

8. 

9. 

REVISIONS: 

Rl 

i 
~ 

=~ ·;;( 

DELETE ALL TEMPORARY FILES .USED DURING THE PRE~!IOUS 
ARCHIVAL TAPING. ~ ~ 

RUN PAREX FOR TAPNAM AND FILNUM >(OPERATOR lNPUTl. ., . _,, ' 

. ~· 

TEMPORARY f I LES CREATED FOR FUT UR\ USE.~ 
• l ' :>i"· .. \~., 

RUN PAREx FOR cArLoGs.TAPNun. AND~FILNUn 
(OPERATOR INPUT) ... ~· . 

:~· ·r.:: 

PARTS LIST AND EDIT COMMANDS CREATED AND 
RODEO TO TEMP FILES FOR FUTURE USE. 

A HARDCOPY LIST OF PARTS BEING ARCHIVED 
IS PRINTED OUT. 

PRIMARY ANO BACK-UP SAVFIL TAPES MADE. 

TP.ARCHIVE.CTAPNAMJ AND JP.ARCHIVE.INDEX 
IS UPDATED. 

A MESSAGE TO EXECUTE TM.DELFIL.C03PRTS 
IS EXECUTED. 

22t1AY81 CREATED FROM EX.ARCHIVE.CD3PRTS 
UPDATED TO RUN WITH CGOS200/10 
OPERATING SYSTEM. 



EX.ARCHIVE.CD3PRTS 
5-25-81 8:32:28 

Sll<•----------------------------------------------------------------
52!DELETE TM.ARCHIVE//NLEV 
531DELETE TM.CD3PRTS//NLEV 
54!DELETE TM.PARTS//NLEV 
551DELETE TM.DELFIL//NLEV 
561••······························~································· 
571••• •••• 
SB!••• TAPNAM = THIRD LEVEL (FILEJ NAME OF THE TAPE PARTS •••• 
59!••• ARE BEING SAVED ON ANO THE SUPPORTING TEXT ~••• 
601••• FILE NAME. •••• 
61!••• FILNUM = 2 DIGIT MAGNETIC TAPE SAVFIL NUMBER •••• 
621••• (USE LEADING ZEROSJ . •••• 
631••• •••• 
641••································································ 
651CRDOS <CR>TEMP 
66!RUN PAREX PX.ARCHIVE.C03PRTS NOGO TARGET TM.ARCHIVE.PROG 
67l<VAR> . 
68 l EX IT <CR>OG 
691EOIT TM.ARCHIVE.PROG 
701Sll-102,/XY/,/&/ 
7 l! f 
721PRUSE 
731EXECUTE TM.ARCHIVE.PROG 
741••································································· 
751••• •••• 
761••• IF NO ERROR HAVE BEEN ENCOUNTERED ANO IF BOTH BACK-UP •••• 
77ln• AND BACK-UP TAPES HAVE BEEN MADE SUCCESSFULLY. EXECUTE•••• 
781••• THE FOLLOWING COMMAND: •••• 
791••• •••• 
80!••• EXECUTE TM.DELFIL.C03PRTS •••• 
811••• •••• 
821••································································· 

PX.ARCHIVE.CD3PRTS 
6- 8-81 7:42:55 

11 && 
212 TAPNAM 
312 FILNUM 
41&& 
S!EDIT TM.PARTS.LIST.N 
611 
71111111111111111111111111111111 <CR> 
81F 
91EDIT TM.PARTS.LISTl.N 

1011 
111111111111111111111111111111 f 11 <CR> 
121F 
131EDIT TM.PARTS.LIST2.N 
1411 
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151111111111111111111111111111111 <CR> 
16lf 
171EOIT TM.CD3PRTS.TEMP1.N 
1811 
191111111111111111111111111111111 <CR> 
201F 
211EDIT TM.PARTS.TEMPl,N 
2211 
231~&XY 
2412 CATLOG 
2512 TAPNUM 
2612 FILNUM 
27 lU.XY 
281EDIT TM.PARTS.LISTl 
29!199 
30JCOPY CD3PRTS.&&CATLOG,:MT&&FILNUM//NLEV <<CR> 
311F<<CR> 
321EDIT TM.PARTS.LIST 
331199 
34!CD3PRTS.&&CATLOG//NLEV.TYPE=O<<CR> 
35lf<<CR> 
361EDIT TM.CD3PRTS.TEMP1 
371199999 
38151-9999,/• .&&CATLOG/,/•&&TAPNUM.&&FILNUM.&&CATLOG/<<CR> 
39!f <<CR> <CR> 
40lf 
411EDIT TM.PARTS.TEMP2.N 
4211 
431&&XY 
4412 CATLOG 
4512 TAPNUM 
4612 FILNUM 
47l&&XY 
481EDIT TM.PARTS.LIST 
491199999 
501CD3PRTS.&&CATLOG//NLEV.TYPE=O<<CR> 
51 lf <<CR> 
521EDIT TM.PARTS.LIST2 
53119999 
541ADD C03PRTS.&&CATLOG//NLEV <<CR> 
SSlF<<CR> 
561EDIT TM.C03PRTS.TEMP1 
57119999 
58151-9999,/11 .&&CATLOG/,/•&&TAPNUM.&&FILNUM.&&CATLOG/<<CR> 
591F<<CR> <CR> 
601F 
611••··································································· 
621 lllllllllllllll 
631 ••••• 
641 lllllllllllllll 
65Jlll!Ulllll! 
66JllllU!lllll! 
671••••• 
68JlHllllllll 
69} !UElUlll 
70 J lll!IE llllH 
71 !lllUlllllll 
7 2 ! lllllOIOH 

CATLOG = CATALOG OF CD3PRTS BEING ARCHIVED. 
TAPNUM = 4 DIGIT MAGNETIC TAPE NUMBER THAT 

THE PARTS ARE BEING SAVED ON. 
(USE LEADING ZEROSl 

FILNUM = 2 DIGIT MAGNETIC TAPE SAVFIL NUMBER 
(USE LEAOIG ZEROSJ 

RECYCLE AS MANY TIMES AS THERE ARE CATALOGS 
TO BE FILED. USE THE SAME TAPNUM AND FILNUM 
FOR EACH CATLOG. 



PX.ARCHIVE.C03PRTS 
6- 8-81 7:42:55 

73}lUUllll 

741••····························································· 
751CADDS <CR> ARCHIVE.DUMMY 
761RUN PAREX TM.PARTS.TEMP! TARGET TM.PARTS.TEMPO NOGO 
771<VAR> 
781RUN PAREX TM.PARTS.TEMP2 TARGET TM.PARTS.TEMP3 CYCLE NOGO 
79l<VRR> 
BO 1 EX IT <CR>OG 
811PAUSE 
821EXECUTE TM.PARTS.TEMPO 
831EXECUTE TM.PARTS.TEMP3 
841<• 
851<• 
861EDIT TM.ARCHIVE.PARTSl.N 
8711 
881&&.XY 
8912 TAPNAM 
9012 FILNUM 
911 &&.XY 
921GENCOM TM.CD3PRTS.TEMPO 
931<<CR>$2,-l,0$ <<CR> <CR> 
941X TM.PARTS.LIST,2-9999,9999 
951!9999 
961 «CR><<CR>F 
97!GENCOM TM.DELFIL.CD3PRTS 
98l<<CR> DELETE $1,-2,$/$-1$ <<CR> <CR> 
99JX TM.PARTS.LIST.2-9999.9999 

100119999 
1011 «CR> «CR>F 
1021• 
1031• 
1041• A HRRDCOPY OF THE FILE NAMES BEING ARCHIVED 
1051• IS NOW BEING PRODUCED 
1061• 
1071• 
1081EDIT TM.CD3PRTS.TEMPO 
1091N3 
llO!TH <<PRINT> 
111 !Q 
1121ATTACH MT.TAPE 
1131REWINO 
1141FUTIL<CR> 
llSlX TM.PARTS.LISTl.2-99.9999 
1161X TM.PARTS.LIST2.2-9999,9999 
117119999 
1181<<CR> 
1191REWIND 
1201CHECK :MT&&FILNUM <<CR> 
1211<<CR>REWIND 
1221•••• MOUNT THE BACK-UP TAPE •••• 
1231PRUSE 
1241REWINO 
1251FUTIL<CR> 
1261X TM.PARTS.LISTl.2-99.9999 
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PX.ARCHIVE.CD3PRTS 
6- 8-81 7:42:55 

1271X TM.PARTS.LIST2.2-9999.9999 
128119999 
129l<<CR> 
1301REWIND 
1311CHECK :MT&.&.FILNUM <<CR> 
1321<<CR>REWIND 
1331DETACH MT 
1341CADDS<<CR>TEMP 
1351MERGE FILE 
1361TM.CD3PRTS.TEMPO 
1371TM.CD3PRTS.TEMPO BLNK<<CR> 
13811-72:7 
13915' ':1-6 
1401N:l-4 <<CR> 
1411 EX IT <<CR>DG 
1421EDIT TP.ARCHIVE.&.&.TAPNAM 
1431199999 
1441 •••• SAVFIL NUMBER &.&FILNUM •••• <<CR> 
14SJX TM.CD3PRTS.TEMP0.1-999999.999999 
146Jf <<CR> 
147JEDIT TM.ARCHIVE.EDITOR.N 
1481I<CR>EDIT TP.ARCHIVE.INDEX<CR> 
1491X TM.CD3PRTS.TEMP1.2-99999,99999 
1501199999<<CR> 
lSllf<<CR> 
1521FX<CR><CR>F ~ 
1531CAODS. <CR>ARCHIVE .OUMMYl 
1541RUN PAREX TM.ARCHIVE.PARTSl TARGET TM.ARCHIVE.PRRTSO NOGO <CR> 
1551&.TAPNAM 
156UFILNUM 
157 l ~X IT <CR>DG 
1581PAUSE 
1591EXECUTE TM.ARCHIVE.PARTSO 

Section Two 
Preliminary Preparation 

Prior to setting up the archive taping and file managing program, it is strongly recom
mended that standard procedures for naming CADDS parts and textfiles be put into practice. 
This will facilitate file transfer and file identification. A file naming standard also helps in 
quickly identifying files that do not belong on disc .. 

A CADDS part name should briefly describe the part and should also be of a format that 
will categorize similar parts, projects, plant areas, etc. Part names should also have a format 
that is easy to type. 

At M&M/MARS we use two different naming formats for CADDS parts. The first 
(Class-I) for training parts and scratch parts, working drawings, nonparts, and library parts. 
The second (Class-II) is for formal drawings that have been checked and approved for release. 
A chart showing these conventions may be found in the appendix. 

The naming convention that we use for textfiles is somewhat simpler, the only require
ment being that the "SYSCATLG" portion (first level) describes the function of the file (i.e., 
EX for EXECUTE files, PX for PAREX files, TP for TAPE RECORD files, TM for 
TEMPORARY files, etc. The remaining levels of the name are left to the discretion of the 
operator. 
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A tape numbering and naming convention is also required for the archiving system to 
function properly. As a new tape is put into use, a four digit number is assigned to it as well 
as a name. The tape name is also used as the textfile name for on-line documentation. All 
textfiles containing tape indexes and listings are filed in syscatlg "TP" (as noted above) and a 
record of numbered tapes is filed in TP.INDEX.MAGTAPE. A line from this file may appear 
as follows: 

27! 0027 15Jan81 TP.ARCHIVE.CLASS-I-03 

TAPE NO . ...:J -r 
DATEJ TAPE NAME & TEXTFILE NAME 

The tape naming convention used at M&M/MARS is as follows: 

TP .ARCHIVE.CLASS-I-03 

SYSCATLGJ T ~ 1. 2. 
TYPE SAVFIL VARIABLE 

1. Type Savfil - ARCHIVE - for all archive tapes 
PERSONAL - for personal tapes 
DUMP - for daily system back-up tapes 

2. Variable Variable tape name. 

The next step in preparing the system for the archiving program is the creation of a text
file for the master index. The name of our master index is TP .ARCHIVE.INDEX. This file 
contains a ;list of CADDS parts currently on disc and archive tape. This index should be 
updated daily with the names of the parts that have been created or filed since a previous 
update. lf may be done automatically when a daily back-up is done or it may be executed 
manually. (A program to update the index appears in section three.) 

The line format of the master index file is as follows: 

Phase 1: 

Phase 2: 

n!* .Part name 

Key Character J T-CThe partname minus 
syscatlg "CD3PRTS" 

Blank area to 
indicate the parts 
reside on disc 

n!*0013.03 Part name 

TAPE NO. i ··t• · .· . Savfil number (FILNUM)-the , 
(TAPNUM) number of the file on a stacked tape. 

(For use with POSITAPE) 
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Note: When the tape number and Savfil number are present, the file is on archive tape 
and should not be on disc. 

This file (TP.ARCHIVE.INDEX) must be on disc prior to executing the updating and 
archiving programs. This file is created as follows: 

n EDIT TP.ARCHIVE.INDEX,N J 
#I J 
!!!!!!!!!!!!!!!!! J 
J 

#FI 

The part names will be included in the index after executing an update program using a 
very old "SINCEDATE" (EX.INDEX.UPDATE.CD3PRTS) will be discussed in Section 
Three. 

New tapes and their supporting textfiles are prepared in the following manner: 

A. New Tapes 
1. Assign a number to two tapes (a primary and a backup). 
2. Assign a name to the tapes (same name on both tapes). Note: Self-adhesive tape 

labels are strongly suggested. 
3. Load the tape on the magtape unit. 
4. Execute the following commands: 

n> ATTACH MT, TAPE/ 
n> COPY TX.EMPTYFIL,:MT//NLEV, CHECK, LABEL j 
type 6 character tape volume ID: 0025 J * 

NOTE: TX.EMPTYFIL must be on disk 

*Use the tape number that has been assigned the tape. 

This procedure writes a "Vol 1" label on the tape. (Do Step 4 for each tape.) 

B. New textfiles 
1. Execute the following commands: 

n> EDIT TP.ARCHIVE.(Tape name),N J 
#I J 

***SAVFIL 01 *** / 
EMPTY SAVFIL EMPTY SAVFIL ~ 
#F I 

This procedure creates a textfile and enters the appropriate text into the file. 
The above procedures may also be completed by executing 

EX.ARCHIVE.PREP .CR3PRTS. (A copy may be found in the appendix.) 
The final step in the preparation for executing the archive program .is to establish a file 

for the "SINCEDATE" (TP.INDEX.SINCEDATE.PRT). Format for this file, as with all 
supporting files, should be strictly adhered to. 
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Create the (ile as follows: 

n> EDIT TP.INDEX.SINCEDATE.PRT,N J 
#I ~ 
2-20-81 7:16:12 ~ 

DATETT-CIME (hh:MM:SS) 
TWO SPACES 

J 
#FI 



NOTE: As mentioned above, the SINCEDATE for the initial running of the update pro
gram should be very old to assure that all parts that are on disc will be included in the index. 

Examples of the on-line documentation files follow on the next page. 

TP.ARCHIVE.INOEX 
3- 4-81 7:12:10 

3021•0010.04.D.XXX.RCS.TEST-MRKT-FLOORPLAN 
3031•0025.02.D.XXX.RJE.RIBCONASS 
3041•0010 5 .XXX.RJE.TEST.MRKT-BSIZE 
3051• JE.TEST.MRKT-BSIZE-REVl 
3061• ~T.MRKT-FLOORPLAN 

\_ 
---....___ ------- SAVFIL NO. 

---- TAPE NO. 

BLANK - PART 
0 N DISC 

TP.ARCHIVE.CLASS-1-03 
2-18-81 11:36:43 

11 
21 
31 
41 
51 
61 
71 
Bl 

~ '91 
101 
111 
121 
131 
141 
151 
161 
171 
181 
191 
201 
211 
221 
231 
241 
251 
261 

••• SAVFIL 01 ••• 
EMPTY SAVFIL EMPTY SAVFIL EMPTY SAVFIL 

•••• SAVFIL NUMBER 02 •••• 
1 D.020.0AS.EMERGLIGHTS.COM 
2 D.020.0HS.EMERGLIGHTS.RGO 
3 O.l00.0RS.OISCH-SECT-E29504.COM 
4 0.100.0AS.OISCH-SECT-E29504.RGO 
5 0.100.RJE.FLOORPLAN.CHOCMAK-REFINER.COM 
6 O.lUO.RJE.FLOORPLAN.CHOCMAK-REFINER.RGO 
7 0.13G.RJE.SHROUO-ASSY-028658.COM 
.8 0 .130. RJE .SHROUO-ASSY-028658. RGO 
9 0.181.RCS.BX•LN3-LO.COM 

10 0.181.RCS.BX•LN3-LO.RGO 
11 0.181.RJE.CART-RETAIN.COM 
12 0.181.RJE.CART-RETAIN.RGO 
13 0.181.RJE.CART-RETAIN-814455.COM 
14 0.181.RJE.CART-RETAIN-814455.RGO 
15 0.181.RJE.FLOORPLAN.PACKROOM-SNACK-PROP.COM 
16 0.181.RJE.FLOORPLAN.PACKROOM-SNACK-PROP.RGO 

•••• SAVFIL NUMBER 03 •••• · 
1 N.CHT.JHB.ACC$PER$CON.COM 
2 N.CHT.JHB.ACC$PER$CON.RGO 
3 N.CHT.JHB.PROFIT~ROTA.COM. 
4 N.CHT.JHB;PROFIT~ROTA.RGO 
5 N.CHT.JHB.~ACA.1981.COM 
6 N.CHT.JHB.VACA.1981.RGO 

'--- DOREC NO. 

1 
1 
1 
1 
1 
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TP.INDEX.MAGTAPE 
2-19-81 10:10:34 

1010010 
1110011 
1210012 
1610016 
1710017 
1810018 
1910019 
2010020 
2510025 
2610026 

Section Three 

10-0CT-80 
10-0CT-80 
10-0CT-80 
30-0CT-80 
30-0CT-80 
31-0CT-80 
31-0CT-80 
31-0CT-80 
14-JAN-81 
14-JAN-81 

TP.ARCHIVE.CLASS-1-02 
TP.~RCHIVE.CLASS-11-01 
TP.ARCHIVE.CLASS-11-02 
TP.ARCHIVE.CLASS-I-01 
TP.ARCHIVE.CLASS-I-01 
TP.ARCHIVE.CLASS-II-01 
TP.ARCHIVE.CLASS-1-02 
TP.ARCHIVE.CLASS-II-02 
TP.ARCHIVE.CLASS-1-03 
TP.ARCHIVE.CLASS-1-03 

Updating the CD3PRTS Index ,, 

PRIMARY 
PRIMARY 
PRIMARY 

PRIMARY 
BACK-UP 

BACK-UP 
BACK-UP 

BACK-UP 
PRIMARY 
BACK-UP 

A key element of the file managing system is the daily updating -0f the master index 
(TP .ARCHIVE.INDEX). This index is designed to include all CADDS parts that are currently 
on disc and CADDS parts-that have been put to magnetic tape. As mentioned previously, this 
program (EX.INDEX.UPDATE.CD3PRTS) may be executed either manually or auto
matically with the daily back-up taping or any other suitable means to execute the program 
automatically. Once executed, the program requires no further respor;ise from the operator. 
The program proceeds as follows: ·» ·• 

1. A temporary execute program is created containing the "GENCOM" command and 
its related command and file skeletons. 

2. CVTECO is used to edit the sincedate into the temporary execµte file. 

3. "HARDFILE" is toggled to update the sincedate file. 
(TP .INDEX.SINCEDATE.PRT) 

«.:rr::, . 

4. The temporary execute file is executed to create a temporary list of parts filed since 
the last update. ·· 

5. "CD3PRTS" is edited out of the temporary parts list and replaced with "* 

6. The temporary index is next edited into TP.ARCHIVE.INDEX. 

7. The two temporary files are deleted. 
· .. 

8. TP .ARCHIVE.INDEX is sorted and tallied to eliminate duplicate file nantes. 

9. The program finishes by exiting from CADDS. 

A copy of this program can be found on page 463 and 464 of this section. 

462 

.. 



EX.INDEX.UPDATE.CD3PRTS 
5-25-81 10:39:53 

11<••·································································· 
21<••• ••• 
31<••• FILE: EX.INDEX.UPDATE.CD3PRTS 
41<••• PROGRAMMER: RONALD SMITH ••• 
51<••• DATE: 14 OCTOBER 1980 ••• 
61<••• ••• 
71<••·································································· 
Bl<• PURPOSE-
91 <• TO UPDATE THE MASTER CADDS PARTS INDEX !TP.ARCHIVE.INOEX) 

101<• WITH THE NAMES OF THE PARTS CREATED SINCE EXECUTING THE 
111<• UPDATE. 

EXECUTED FROM-
EX.DUMP.0830 

PROCEDURE-

121<• 
131<• 
141<• 
151<• 
161<• 
171<• 
181<• 
191<• 
201<• 
211<• 
221<• 
231<• 
241<• 
251<• 
261<• 
271<• 
281<• 
291<• 
30 l <II 

311<• 
321<• 
331<• 
341<• 
351<• 
361<• 
371<• 
38 J <II 

391<• 
401<• 
411<• 
421<• 
431<• 

1 l A TEMPORARY EXECUTE PROGRAM IS CREATED CONTAINING THE 
GENCOM COMMAND ANO ITS RELATED COMMAND AND FILE SKELETONS. 

21 CVTECO IS USED TO ENTER THE SINCE OATES INTO THE 
TEMPORARY FILES. 

3) HARDFILE IS USED TO UPDATE THE SINCEDATE. 
!TP.INDEX.SINCEDATE.PRTl 

4l THE TEMPORY EXECUTE FILE IS EXECUTED. 
lTM.INDEX.UPDATE.PRTSJ 

5} 'CD3PRTS' IS EDITED OUT AND REPLACED 
WITH '• ' 

6l TM.INDEX.CD3PRTS IS INSERTED INTO TP.ARCHIVE.INDEX 

71 TP.RRCHIVE.INDEX IS SORTED AND TALLIED TO 
ELIMINATE DUPLICATE TITLES. 

81 THE TWO TEMPORY FILES ARE DELETED. 

REVISIONS-
Rl 25MAY81 UPDATED FOR CGOS 200/10 O/S 

441<••·································································· 
451EDIT TM.INDEX.UPDATE.PRTS.N 
4611 
471GENCOM TM.INDEX.CD3PRTS 
48l<<CR>$l,-2,-1$ <<CR> 
491CD3PRTS/COM/NLEV.TYPE=O. SINCE 1- 1-80:12:00:00 
501 «CR>«CR>F 
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EX.INOEX.UPOATE.C03PRTS 
5-25-81 10:39:53 

511 <CR>F · ' 
521CVTECO 
531£R TP.INOEX.SINCEOATE.PRT<ESC>EAJ I <ESC> BCoR/ /:/ 
S41JXO HK EBTM.INOEX.UPOATE.PRTS<ESC>EAJ <<:SSINCE<ESC>:KGO ><ESC> 
SSlEX<ESC><ESC> 
561HRRDFILE 
571HARDFILE TP.INDEX.SINCEDATE.PRT 
SBlOK 
5910ATE 
601 HARDF I LE 
611EXECUTE TM.INDEX.UPDATE.PRTS 
621 ED IT TM. INDEX. C03PRTS 
631S1-999999, /CD3PRTS/., I• I 
641F 
651EOIT TP.ARCHIVE.INOEX 
661X TM.INOEX.C03PRTS,1-999999.0 
671F 
6810ELETE TM.INDEX.&BCO/CD3PRTS 
691DELETE TM.INOEX.UPOATE.&BCD/PRTS 
701CAODS<CR>FM.OUMMY 
711SORT FILE TP.ARCHIVE.INDEX 
72110-SS<CR> 
731RUN TALLY 
741TP.ARCHIVE.INDEX 
751TP.ARCHIVE.INDEX DEL 
76160-65 
7711-SS<CR> 
781EXIT<CR>DG 
791••··································································· 
80hun1 · ••• 
811•••• PROGRAM COMPLETE PROGRAM COMPLETE ••• 
821•••• ••• 
831••··································································· 

The master index should be checked periodically to assure that it contains (1) the names 
of the parts that are on disc, or (2) that names of parts that have been deleted and not ar
chived have been removed from the disc. This check can be done by executing an execute pro
gram (EX.INDEX.STATUS.CD3PRTS) that lets the system make a comparison between a list 
of parts that should be on disc and a list of parts that actually are on disc. 

The program first generates a list of the parts currently on disc. It then generates a list of 
parts that are supposed to be on the disc by extracting a list of all the parts without the tape 
number and savfil numbers from the master index. These lists are then edited so that they 
have identical formats. The final step uses the system level command "COMPARE" to list 
and report any discrepancies between the two files. 

464 

NOTE: The techniques used in the attached program duplicate those in a paper presented 
by David A. Quinn, Supervisor, Computer Aided Design; G.T.E. Lighting Prod
ucts; Estes Street; Ipswich, Mass., at the Second Annual International Computer
vision User Conference. I have changed the merge key elements and the transfer 
elements in the merge file command and the column position numbers in the sort 
file command to suit the format of our files. 

Once executed, the program does not require any further interaction with the operator. 
A copy of this program can be found on page 465 of this section. 



EX.INOEX.STATUS.CD3PRTS 
G- 5-81 13:42:03 

11<••·································································· 
21<••• ••• 
31<••• FILE: EX.INOEX.STATUS.C03PRTS 
41<••• PROGRAMMER: RONALD SMITH ••• 
51<••• DATE: 15 JAN 1981 ••• 
61<••• ••• 
71<••·································································· 
81<• 
91<• 

101<• 
111<• 
121<• 
131<• 
141<• 
151 <IE 

161<• 
171<• 
181<• 
191<• 
201<• 
211<• 
221<• 
231<• 
241<• 
25!<• 
261<• 
271<• 
281<• 

PURPOSE: 
TO SCAN RN INDEX OF PART NAMES (TP.ARCHIVE.INDEXJ. 
DETERMINE WHICH PARTS ARE SUPPOSED TO BE ON 

THE SYSTEM. 
COMPARE THAT LIST WITH WHAT ACTUALLY IS ON THE 

SYSTEM AND NOTIFY OF THE DIFFERENCES. 

PROCEDURE: 
EXECUTE EX.INDEX.STATUS.CD3PRTS WHICH 

REVISIONS: 

1. CREATES A LIST OF PARTS ON THE SYSTEM 
USING GENCOM. 

2. SEARCHES THE INDEX FOR PARTS SUPPOSED 
TO BE ON THE SYSTEM. 

3. COMPARES BOTH &BCD FILES USING COMPARE. 

Rl 2SMAYB1 UPDATED FOR CGOS 200/10 O/S . 
291<•••································································· 
30lOELETE TM.lBCD/SYSTEM.INOEX.TMP 
311GENCOM TM.SYSTEM <ECHO> 
32l!llll!llllllllllllll<CR> 
331$2,-2,$<CR> . 
341CD3PRTS/COM/NLEV<CR><CR><CR>F 
351HARDFILE 
361HARDFILE TM.INDEX 
371EDIT TP.ARCHIVE.INDEX <ECHO> 
381Tl 
391L,/• 
401Q 
411HRRDFILE 

I 

421EDIT TM.INDEX <ECHO> 
4 31 S 1 - 2 .l• I , I I 
441F 
451COPY TM.&BCD.INDEX.TM.&BCO.TMP 
461CADDS <CR> TEMPFILE 
471MERGE FILE TM.TMP PAIR BLNK 
481TM.INDEX PAIR BLNK 
4911 <CR> 
50117-70:1-54 
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EX.INDEX.STATUS.CD3PRTS 
6- 5-61 13:42:03 

5115' ':55 <CR> 
521SORT FILE TM.SYSTEM 
5311-60 <CR> 
541EXIT <CR>DG 
551COMPARE TM.INDEX.TM.SYSTEM <PRINT> 
561<••·································································· 
571<••• ••• 
581 <••ii PROGRAM COMPLETE" PROGRAM COMPLETE ••• 
591<••• ••• 
601<••·································································· 

Section Four 
Locating an Archived Part 

As mentioned in the introduction, one of the functions of the archiving system is to be 
able to locate any CADDS part that is on disc or archive tape as quickly as possible. This can 
be archived by using the system command "SRCHBCD". The procedure for the search is as 
follows: 
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n > SRCHBDC TP .ARCHIVE ~ 
#L,/(Part name)/ ~ 

An example of a typical search will be found on the next page. 



TH IS IS AN EXAMPLE OF A TYPICAL SEARCH 
FOR A CADOS PART. 

NOTE: 
ITALICIZED TEXT INDICATES OPERATOR INPUT 

3>SRCHBCD TP.ARCHIVE 

CATLOG THAT THE SEARCH 
IS TO BE DONE IN . 

SRCHBCD TP.ARCHIVE 
3- 4-81 I 4: 30:14 

/

NAME OF PART OPERATOR 
IS LOOKING FOR 

•L,/D. 020.DAS.EMERGLJGHTS/ 

L./D.020.DAS.EMERGLIGHTS/ 

/TAPE NAME 

TP.ARCHIVE.SBCD.CLASS-1-03 
2-1 8-81 1.1 : 36: 43 

4! 
5! 

I D.020.DAS.EMERGLIGHTS.COM 
~D.020.DAS.EMERGLIGHTS.RGO 

~DOR EC NUMBER FOR 
EASY RSTFI L . 

TP.ARCHIVE.SBCD. INDEX 
3- 4-81 I 3: 56: 44 

2501*0025.02.D.020.DAS.EMERGLIGHTS 

' ~ SAVFIL NUMBER 
(USE WITH POSITAPEl 

TAPE NUMBER 
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APPENDIX 

11<••••·································································· 
21<••• ••• 
31<••• FILE: EX.ARCHIVE.PREP.CD3PRTS ••• 
41<••• PROGRAMMER: RONALD SMITH ••• 
51<••• DATE: 19 JANUARY 1981 ••• 
61<••• ••• 
71<••···································································· 
81<• 
91<• 

101<• 
111<• 
121<• 
131<• 
141<• 
151<• 
161<• 
171<• 
181<• 
191<• 
201<• 
211 <• 
221<• 

PURPOSE: 
TO PREPARE A TEXT FILE AND TWO TAPES FOR 
RUNNING EX.ARCHIVE.CD3PRTS 

PROCEDURE: 
1. 

2. 

REVISION: 
Rl 

• 
CREATES A NEW TEXT FILE AND PLACES A 
HEADER IN THE FILE. 

PLACES AN EOF SIGNAL AT THE BEGINNING 
OF TWO TAPES 

JUNE 81 UPDATED TO CGOS 200/10 O/S 

231<••····································································· 
241••····························································· 
251••• ••• 
261••• WHEN SYSTEM PAUSES, TYPE IN THE TAPE NAME FOLLOWED ••• 
271••• WITH A CNTRL - X. ••• 
281••• ••• 
291••····························································· 301CADDS<CR>DUMMY.PART 
311RUN PAREX PX.ARCHIVE.PREP.CD3PRTS 
32l<VAR> 
331••···································································· 341••• ••• 
351••• PROGRAM COMPLETE PROGRAM COMPLETE ••• 
361••• • • •• 
371••···································································· 

1 le!.&. 
212 TAPNAM 
31&.&. 
41 EXIT 
51DGEDIT TP.ARCHIVE.&.TAPNAM.N 
61X TX.TPFILE.HEADER.1-10.0 
71F 
81••························································· 91••• ••• 

101••• LOAD THE PRIMARY TAPE ON THE MAGTAPE UNIT; ••• 
111••• MAKE SURE THE •LOAD", •oN-LINE", AND "HIGH ••• 
121••• DENSITY" LIGHTS ARE ON. TYPE "CONTINUE• ••• 
131••• WHEN READY. ••• 
141••• ••• 
151••·························································. 161PAUSE . 
171ATTACH MT.TAPE 
181COPY TP.EMPTY,:MT//NLEV,CHECK.LABEL 
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191••········································~················ 
201••• ••• 
211••• LOAD THE BACK-UP TAPE ON THE MAGTAPE UNIT. ••• 
221••• MAKE SURE THE ·LOAD·, ·oN-LINE·. AND ·HIGH ••• 
231••• DENSITY. LIGHTS ARE ON. TYPE ·coNTINUE· ••• 
241••• WHEN READY. ••• 
251••• ••• 
261••························································· 
271PAUSE 
28JCOPY TP.EMPTY,:MT//NLEV,CHECK,LABEL 
2910ETACH MT 

• CLASS I 

F /LE NAM ING CONVENTION 
FOR CD3PRTS 

FOR TRAINING.SCRATCH.DRAWINGS.AND LIBRARY PARTS AND FIGURES 

D.010.DAS. VAR I Bl.DES-CR IP-TI ON 

TUSER INITIALS IF. M, " LI 
ALSO USED FOR PRT AND FIG 
IDENTIFICATION: 

A MEAN! NGFULL DESCRIPTION OF THE FILE 
THE FIRST WORD OF THE DESCRIPTION 
SHALL BE A CATALOG NAME NOT EXCEEDING 

PRT = PART 
FIG= FIGURE 

SEVEN (7) CHARACTERS. THE REMAINING 
PORTION OR LAST LEVEL SHALL NOT 
EXCEED TWENTY CHARACTERS AND SHALL 
NOT CONTAIN ANY PERIODS. 

Fl LE TYPE: 
THE FIRST THREE(3) DIGITS OF THE SIX(G) DIGIT 
DRAWING CODE FOR TYPE "D" FILES ONLY. 

T = TRAINING 
S = SCRATCH 

"CHT" FOR CHARIS 
"GRF" FOR GRAPHS 
"ART" FOR ART WORK D =FORMAL DRAWING 

N = NON-PART 
M =MECHANICAL PARTS (LIBRARY) 

·xxx· FOR FILES NOT REQUIRING A CODE 
"DIA" FOR DIAGRAMS 

E = ELEC. SCHEMATIC Fl G. LIBRARY 
P =PRINTED CIRCUIT BOARD FIG. LIBRARY 
W =WIRING DIAGRAM FIG. LIBRARY 
0 =MACHINE PART OUTLINES 

ecLASS II 
FOR APPROVED FORMAL DRAWINGS 

010090.RCS.E-29654.2A.(VAR IABLE DES.) 

"FOR" FOR FORMS 

I NOT TO EXCEED 20 CHARACTERS T t A MEANINGFULL DESCRIPTION OF THE FILE 

------REVISION LETTER - USE I FOR I NI Tl AL DRAWi NG 
CODE NO. USE 0 FOR OBSOLETE 

------SHEET OR PAGE NUMBER 
DRAWING NUMBER 

USER INITIALS 
(FOR ECECTRICAL DRAWINGS ONLY 
OTHERWISE USE A DASH.) 
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AN ALTERNATE ACCOUNTING PACKAGE 

TABLE OF CONTENTS 
1. Abstract 
2. Introduction 
3. Overall Description 

a. Operator Commands 
b. System Commands 
c. File Description 

4. Cortclusion 
5. Figures 

a. Equipment Configuration 
b. Typical SCE Map 
c. Program Flow Chart 

Curt Strobel 
Southern California Edison 
100 Long Beach Boulevard 

Long Beach, California 90801 
213-435-1121 x325 

d. PUTACT Operator Commands and Replies 
e. &ACT .NAMES file 
f. Typical Task Accounting File (&ACT.XXX.TASKyz) 
g. &ACT.XXX.TASKXX File, CL. command 
h. &Sym.XXX.TASKXX File, TL. command 
i. Execute File for Summing Daily Records 
j. Typical Operator Report 

ABSTRACT 
This paper describes the accounting package used at Southern California Edison in place 

of Computervision's. The Fortran program is utilized in a closed shop atmosphere on multiple 
systems. 

Individual station/ operator information is captured on standard Computervision text 
files. These files are then summarized and used as input to a performance tracking program 
on an IBM mainframe. 

INTRODUCTION 
Southern California Edison is an electric utility serving some 3,500,000 meters in 

Southern California. Its service territory covers approximately 50,000 square miles, of which 
25,000 is mapped. Edison first acquired a Computervision system in 1976 for testing, evalua-
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tion, and mapping. It was expanded to the current system in 1978. 
The systems were acquired primarily for the purpose of digitizing and regularly maintain

ing some 100,000 maps, of which some 30,000 are digitized. In addition, other engineering 
drafting applications are phased in after testing and evaluation. The systems are operated on a 
3 shift, 5 day a week basis employing approximately 48 operators. Accurate and complete 
records are kept on all activities to monitor costs, truput, employee performance, and control 
scheduling, Prior to the implementation of this program we judiciously used the Computer
vision-supplied accounting package. Some shortcomings in the package caused us to develop 
this substitute. We have found it more flexible, more reliable, easier to customize to our 
needs, and faster operation-wise. 

OPERATOR COMMANDS 
The SCE accounting package "PUTACT" is a Fortran program compiled in an 

ONLY.PUTACT file. The package is entered by typing in PUTACT at system level. The 
system responds with the message: ENTER NAME, NUMBER, (PART): The operator can 
then respond with either one of the following replies: 

1. His name in the standard SCE format, a comma, a number between 1 and 20, another 
comma, and optionally up to 37 characters. This last entry is usually the part name with 
special codes for the specific activities. The system will verify the name against a text file con
taining the authorized names. This is not done so much for security as to assure that the 
operator doesn't forget this name during the shift. 

The number is also validated and, it if is acceptable, the entry is generated in the appro
priate text file. If there are any errors, then the program will return to the ENTER ... step. 
The previous accounting entry and the new one will be outputted to the station's CRT. This 
enables the operator to re-verify his entry and correct it if necessary. 

2. The other reply is "CF .. ". This feature enables the operator to close the previous 
record without opening a new one. This effectively puts the file into a no operation mode and 
is used when the task is idle for lunch, breaks, and shift changes. 

The entry outputted to the operator will only be the entry closed. 
When the operator again logs in after using a "CF .. ", the system will create a 

"GENERATED RECORD" entry to cover the time lost. 

SYSTEM COMMANDS 
Two commands are available for rearranging the individual accounting files into a sum

mary format. 
The first one is "CL..". This command will combine designated files into a combined file 

"&ACT.ddd.TASKXX". A "QUIT" will terminate the command. 
The second one is "TL. .. ". This will take a sorted file and generate a summary file 

"&SUM.ddd.TASKXX" containing the number of entries and total time for each entry. In 
addition, totaling by task number, activity number, and system number is made. A "QUIT" 
will also terminate this command. 

By using these two commands weekly, monthly, and yearly, summaries can be easily 
obtained. 

FILE DESCRIPTION 
The following is a layout of the individual accounting entry. The configuration number is 

what is used for the CGP number. A new file is automatically opened at the start of our new 
workday, which is 11 :00 p.m. This enables us to process each previous day's entries without 
disturbing the current accounting package or logging everybody out. 

AAAAAA,BB,CCC ---- (37 characters) CCC,-S,P, TT ,------,DDD,-HH,MM.M(-EEEEE.E) 

A - Operator's name-6 characters 
B - Activity number-2 digits (1-20) 
C - Part name or activity code-37 characters 
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S - Shift-1 digit, graveyard= 1 
Note shift changes at 7:00 a.m., 7:00 p.m., and 11:00 p.m. 
The new day (file) starts at 11:00 p.m. 

P - CGP number-1 digit 
T - Task number-2 digits 
D - Date-3 digits 
H - Hour entry created-2 digits 
M - Minute entry created in tenths of minutes-3 digits 
E - Elapsed time in tenths of minutes-6 digits 

CONCLUSION 
This accounting package, although tailored somewhat to our needs, is still fairly flexible 

and general. It is easy and quick for the operators to use and they get an immediate feedback 
from it, so they do judiciously use it. The maintaining of individual files for each task pro
vides complete flexibility and assures that only the minimum of data may be lost. We have 
had no problems with file security and do not use Computervision's authorize or accounting 
options. 

Our future plans are to do more checking and validating of the activity code entries to 
help ensure more valid ones. And to work this package into the current Computervision file 
security and accounting schemes. 

ED I SON CONF I GURA Tl ON 
SYSTEM 0 

1;------r _________ _i 

I 

------[ ________ , 
I 

SYSTEM 1 SYSTEM 2 SYSTEM 3 
11/0'4/80 
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N>PUTACT 

1--e-'Ci ----0 

YES 

EXTRACT 
PART 

ENTRY 

RETR l EV DATE 
TIME AND 

CREATE FILE 

YES 

ACCESS 
FILE 

NO 

NO 

YES 

CREAT FILE 
&ACT.DOD.TASKYZ 
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0 
I 

PART NAME 

YES 

&ACT .ODD. T ASKXX 

EXIT 

NO NO 

&ACT.000.TASKXX 

NO 

NO 

YES 

EXIT 



CREATE 
ENTRY 

NO 

EXIT 

YES 

DELETE 
&MES.XXX 
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~-~A-81 7:04:41 

~BBNKHEY RESERVED FOR CODED P~SSLIORQ. KFEP TN FIRST P0SITION 
AAND!:: 
BHt.1PR 
BCF: r.1~.1 
PGOOD 
BMCN!:: 
B\.JE IF: 
Cl.f1Mr.:• 
CF •• 
CFDLF 
f:M(.'1T.T 
CSTRO 
CUF'T 
r•) 
CIJ(.',L! ... 
DDIY:Q 
II.JOHN 
f!TH".~r.i 

FBtd'.~7! 

r·r:uc~~ 

GL.t1F:S 
GT(.1LP 
HBRAD 
J,~~.[r.,:· 

.J;\MBR 
~!CO!='."F" 

~.ICOLti 
~i:::·p,A.jl-,1 

.Jl3UIL 
~l'<E Ti 
Jl..t1RS 
JMCCO 
JMH\O 
JO~::HO 

.JRtiST 
Jt,J I~=;£: 
Kl';ELL 
KL.FHM 
!':MINT 
KPH IL 
l':TOME 
KTF~UII 

l..AMt1D 
LBOSM 
LCOLL 
L.FF\A I 
LOHF{B 
M1"-'tUEP 
MGATE: 
MMFL? 
MOF'DU 
NH DUL. 
NF\FAr~ 

Pt'!.. \.'A 
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f>>" 
f, .. ,. 
6> 

?? 
6 . ., .. 
t..> 
6>r:·UH'1CT 
ENTER NAME~NUMBER.<PART): CSTR0.12,THIS 

CSTRO .13.THIS IS THE NEXT ENTRY ••• 
CSTRO ,12,THIS IS A NEW ENTRY ••• 

6> 
6"> 
f>> 

IS A NEW ENTRY ••• 
-1336----148-!2-?6.4- 0.2 
-1336----148-1~-26.6--------

6> THIS IS AN EXAMPLE OF CLOSING AN ENTRY USING CF •• 
":> ''.) 

6> 
li:·:. 
b">PUTACT 
ENTER NAME~NU~BER,<PART>: CF •• 

CSTRO ,12.THIS IS A NEW ENTRY •• ~ 
I:..> 
I.)> 
I)> 

-1336----148-12-26.6- () .. l 

6> THIS IS AN EXAMPLE OF ADDING AN ENTRY AFTER A CLOSED ONF 
'J? 
6> 
6} 
6>PUTACT 
ENTER NAME~NUMBER.<PART>: CSTR0.13,THIS IS T~F NFXT ENTRY .•. 
******•**•****GENE~ATED RECORD**** -1336----1~8-t?-26.7- 0.1 
CSTRO ,13.THIS IS THE NFXT ENTRY... -1336----14R-12-26.8--------

LIST 

~ACT.135.iBCD.TASK30 
5-17~81 ~3:0(:~q 

FBAEZ ,1 ,M34P66 
FBAEZ .1 .M34P66 
FBAEZ ,1 .M34P81 
******•**·****GENERATED RECORD**** 
LCOLL ¥~ ,M34P77 
LCOL.L .2 .M34P86 

-3330----134-23- 6.~- A~.3 
-3330----1~5- 0-11 .. 0 - Q4.0 
-3330----1~5- 1-4~.Q- ~09.~ 

-3310----1ls- 1-~s. 1 - 7Qo.s 
-2330----135-1~- 5.~- 4R.2 
-2330----115-15-53.P- 4n4.1 
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&ACT.135.&BCD.TASK31 
5-1,-81 23:04:30 

LBOSM .2 ,M34P54 
LBOSM .2 .M34P54 
LBOSM .2 ,M34P64 
LBOSM .2 .M34P82 
***~**·**·****GENERATED RECORD**** 
JtHSE: ,13.~J7748~l.72'5 

&ACT.1~5.&BCD.TASK32 
5-17-81 23:04:31 

f::Tl-IOf.: • 2 , M34Pf.>5 
RTHm: • 2 • M34P7B 
F:THOI·: • 2 • !'134P78 
****~*·**·****GENERATED RECORD**** 
P lJ EI I·: • 3 , EX A'~ 3 P ~.El 3 5 

&ACT.135.&BCD.TASK34 
5-17-81 23:04:32 

RZAMU ,1 ,M34P62 
RZAMU .1 • M34.P62 
F:ZAM!J • 1 • M34P80 
****•*·**·****GENERATED RECORD**** 
VGEF::J , 2. , 2. M34P76 
LGEFU • 2 , 2. M34P84 

GACT.135.&BCD.TASK35 
5-17-81 23:04:33 

JRAST ,2 ,M34P63 
cl!=-.:AST , ::? , M34P79 
JRAST ,2 ,M34P79 
******·**·****GENERATED RECORD**** 
SLUND .2 ,M34P72. 
SLUND .2 .M34P85 

480 

-3331----13~-27- A.S-

-3331----115- 1-53.P-
-3331----!3~- 1-5~. 0 -

-23~1----1~5-15-11.0-

.~~J II A 

·i 4 .. ~? 
~5 H . .:"J. 

·:~01.: 

~·.•.-:; /., .. ~. 

..:•4f,"O 

-3337---~114-~3-25.~- ~8.R 

-3332~---175- 0~14.0- ~~4.0 

-3332----1~5~ 1-~s.n- 012.1 
-2332----135-15-10.1- ~~7.A 

-3334----134-23- 3_q_ 
-3334----135- 0~11.8-

-3334----135- 0-47.6-
-3334----1.~5~ 1-57.5-
-2334----135-15- 2.7-
-2334----1.15-15-?1.~-

.~~ 7. 9 
-i:·.:.i • f~ 

··:~~ i, S-> u 9 
·-;.• C:) t:• _,, 
.· '> ...... 1.: •. 

<n.? 
·11?.f; 

-3335----134-23- 4.8- 43.9 
-3335----134-23-48.7- 22.5 
-3335----135- 0-11.2- 405.0 
-3335----135- 0-16.2- 886.8. 
-~335----135-15- 3.0- j,.8 
-2335----135-15-45.8- 411.9 



6>PRINT &ACT.135.TABKXX 

~ACT.135.&BCD.TASKXX 
5-17-81 23:04:45 

******•**•****GENERATED RECORD**** 
******·**·****GENERATED RECORD**** 
******•**•****GENERATED RECORD**** 
******•**•****GENERATED RECORD**** 
******•**•****GENERATED RFCORD**** 
FBAEZ .1 .M34P66 
FBAEZ ,1 ,M34P66 
FBAEZ ,1 .M34P81 
LBOSM ,2 ,M34P54 
LBOSM ,2 .M34P54 
LBOSM ,2 ,M34P64 
LBOSM .2 .M34P82 
LCOLL ,2 ,M34P77 
LCOLL ,2 .M34P86 
WGERW ,2 ,2,M34P76 
WGERW ,2 ,2.M34PB4 
SLUND ,2 ,M34P72 
SLUND ,2 .M34P85 
JRAST ,2 ,M34P63 
JRAST ,2 .M34P79 
JRAST ,2 ,M34P79 
RTHOR ,2 .M34P65 
RTHOR ,2 ,M34P78 
RTHOR .2 .M34P78 
BWEIR ,3 ,EXA43P1835 
JWISE ,13,W774821725 
RZAMU ,1 ,M34P62 
RZAMU ,1 ,M34P62 
RZAMU ,1 ,M34P80 

-3334----135- 1-57.5-
-3331----135- 1-54.9-
-3335----135- 0-16.2-
-3330----1~5- 1-55.1-
-3332----135- 1-38.0-
-3330----134-23- 6.6-
-3330----135- 0-11.9-
-3330----1~5- 1-45.9-
-3331----135- 0-14.2-
-3331----134-23- 4.8-
-3331----135- 0-28.4~ 

-3331----115- 1-53.8-
-2330----135-15- 5.6-
-2330----135-15-53.A-
-2334----135-15- 2.7-
-2334----115-15-21.~-
-2335----13~-15- 3.0-
-2335----115-15-45.R-
-3335----134-23- 4.8-
-3335----135- 0-11~~-
-3335----13A-23-48.7-
-3332----1 '.1:4-23-. 8. 4 ... 
-3332----134-23-25.2-
-3332----135- 0-14.0-
-2332----!35-15-!0.1-
-2331----135-15~11.0-
-3334----135- 0-11.8-
-3334----134-23- 3.9-
-3334----135- 0-47.6-

7R5.2 
796.1 
t3n6. a 
790.5 

f.5. 3 
Q4.0 

:!.4.2 
f19. 4 
8~"'.i H 4 

:-z:o:1.,.1 
48.2 

404 .1 
1.8. 7 

4"37.6 
.a.2.a 

41.1.9 
43.9 

40~'i. 0 
22.5 
1. 6 "8 
48.8 

?.84.0 
4·'17.6 
446.9 
3~i .B 
67.9 
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6>PRINT 

&SUM.135.&BCD.TASKXX 
5-17~81 23:04:45 

******•**•****GENERATED RECORD**** 
FBAEZ .1 .M34P66 
FBAEZ .1 ,M34P81 
LBOSM ,2 .M34P54 
LBOSM ,2 .M34P64 
LBOSM .2 .M34P82 
LCOLL ,2 ,M34P77 
LCOLL .2 .M34P86 
WGERW ,2 ,2,M34P76 
WGERW ,2 .2.M34P84 
SLUND ,2 .M34P72 
SLUND ,2 .M34P85 
JRAST .2 ,M34P63 
JRAST ,2 .M34P79 
RTHOR ,2 ,M34P65 
RTHOR .2 ,M34P78 
BWEIR ,3 .EXA43P1835 
JWISE ,13.W774821725 
RZAMU ,1 ,M34P62 
RZAMU ,1 .M34P80 
NUMBER 1--- 15-42.1 
NUMBER 2--- 44-14.4 
NUMBER 3--- · 7-27.6 
NUMBER 13--- 7-26.9 
SYSTEM 3--- 142-41.7 
GRAND 142-41.7 

6>PRINT 

CGP~&BCD.GET-ACT 
5-27-81 23:09:47 

-3334----
-3330----
-3330----
-3331----
-3331----
-3331----
-2330----
-2330----
-2334----
-2334----
-2335----
-2335----
-3335----
-3335---~ 

-3332----
-3332----
-2332----
-2331----
-3334----
-3334----

5--------- 4070.7 
2--------- 159.3 
1--------- 309.2 
2--------- 83.6 
1--------- 8~.4 

1--------- 101.1 
1--------- 48.2 
1--------- 404.1 
1----~---- 18.7 
1--------- 437.6 
1--------- 42.8 
1--------- 411.9 
1---~----- 43.9 
2--------- 4?7.5 
1--------- ~6.8 
2--------- 332.8 
1------~-- 447.6 
1--------- 446.9 
2--------- 103.7 
1--------- 369.9 

*POWER-ON THE PRINTER •.....•• TYPE CONTINUE WHEN READY ....••..... 
PAUSE 
PUTACT 
CL •• 
&ACT.147.TASK30 
&ACT.147.TASK31 
&ACT.147.TASK32 
~ACT.147.TASK33 
&ACT.147.TASK34 
&ACT.147.TASK35 
QUIT 
SORTFILE &ACT.147.TASKXX/FIELD=l,46 
PUTACT 
TL •. 
~ACT.147.TASKXX 
QUIT 
TOF 
PRINT &SUM.147.TASKXX//DIGITS=O,FILEHEAD;NQ 
TOF 
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R/W ENGINEERitlG DIVISION STATUS REPORT 
AUTOMATED DRAFTING SECTION JOSS COMPLETED PERIOD 4/ 1/81 TO 4130181 

EMPLOYEE: JCOFF J.COFFEY 
DIST.NO. MAP NUMBER NUMBER DATE DATE SYSTEM HOURS SYSTEM HOURS NON-SYSTEM SYSTEM 

OF MAPS ASSIGNED COMPLETED THIS PERIOD TO DATE HOURS HRS/MAP 

ANNEX HAPS 
39 ANXA 77 5 l 4/22181 4123/81 3.0 3.0 l.l 3.0 
39 ANXA 78 10 l 4/21/lll 4/29/lll 2.5 2.S 0.9 2.5 
39 AllXIS2l l 4/20/lll 4122181 3.0 3.0 1.1 3.0 
39 ANXVOSS A l 4/21/lll 4/22/lll 2.3 2.3 0.9 2.3 

ANX77 4 0 4123/lll 01 01 0 2.8 2.8 l.O o.o 
TOTAL 4 10.9 10.9 4.0 2.7 

BASE MAPS 
39 800269 6 4/14/lll 4/16/lll o.s '0.5 0.2 0.1 
30 800273 1 4/27181 4/28/lll 3.9 3.9 1.4 3.9 
49 600279 l 4/20/lll 4/22/lll 0.8 0.8 0.3 O.ll 
36 600280 5 4/27/lll 4/28/81 2.S 2.5 0.9 o.s 
47 800289 l 4/20/81 4/20/81 2.0 2.0 0.7 2.0 
47 800290 l 4/17181 4/20/81 0.3 0.3 0.1 0.3 
49 800294 4 4/16/81 4/16/81 3.5 3.S 1.3 0.9 
30 800295 4 4/17/81 4/20/81 2.5 2.5 0.9 0.6 
30 800296 l 4/17181 4/20/81 1.0 1.0 0.4 l.O 
26 800302 l 4/17/Bl 4/20/81 1.1 l.l 0.4 l.l 
32 800304 l 4/17/Bl 4/20/81 0.7 0.7 0.3 0.7 

800310 0 4/27/Bl 01 01 0 0.7 0.7 0.3 o.o 
51 800312 2 4/17181 4/20/81 0.9 0.9 0.3 o.s 
32 500317 l 4/17/81 4/20/81 0.3 0.3 0.1 0.3 
77 8003~9 2 4/16/81 4/20/Bl 2.2 2.2 0.8 l.l 
30 800338 l 4/14/81 4/16/81 1.7 l. 7 0.6 1.7 
35 800341 2 4/14/lll 4/16/81 l.3 1.3 0.5 0.1 
40 800347 2 4/17/81 4/20/81 l.3 1.3 0.5 0.6 
51 800353 6 4/15/81 4/16/81 6.6 6.6 2.5 1.1 
39 800383 2 4/28/81 4/29/81 5.9 5.9 2.2 2.9 

TOTAL 44 39.l 39.l 14.5 0.9 

EXHIBIT A MAPS 
33 EXAJ2112 l 4123/81 4/27/81 1.2 1.2 0.4 1.2 
26 EXAK2578. l 4/23/81 4/27/81 3.3 3.3 1.2 3.3 

TOTAL 2 4.5 4.5 l.7 2.2 

SV PL"'-'tlER HAPS 
46 TRALAANA l 4/14/81 4/15/81 2.1 2.1 0.8 2.1 
79 TRCASTNO l 4/24/81 4127/81 5.5 5.5 2.1 5.S 

TRREGENTSP 0 4/24/81 01 01 0 0.3 0.3 0.1 o.o 
TRll209 0 4/28/lll 01 01 0 5.0 5.0 1.9 o.o 
TR12322 0 4/30/81 0/ 0/ 0 1.2 1.2 0.4 o.o 
TR14731 0 4/30/81 01 0/ 0 1.5 l.5 0.6 o.o 

79 TRl7294 l 4/14/81 4/15/81 2.3 2.3 0.9 2.3 
TR36075 0 4/27181 01 01 0 1.7 1.7 0.6 o.o 

26 TR40765 l l/ 2181 4/30/81 4.7 4.7 l.8 4.7 
TOTAL 4 14.6 14.6 s.s 3.7 

CONVERSIONS 
76 6301611 l 4/ 9/81 4/15/81 2.5 2.5 0.9 2.5 
76 6301614 l 4/ 9/81 4/15/81 3.0 3.0 l.l 3.0 
76 6401596 4 4/ 2/81 4/15/81 29.l 29.l 10.9 7.3 
76 6641608 l 3/16/81 4/ 9/81 o.o 1.7 0.6 l.7 
76 664161< 5 3/16/81 4/ 9/Bl o.o 27.8 10.4 5.6 
76 6~61608 3 3/16/81 4/ 9/81 10.8 10.8 4.0 3.6 
76 6~61611 5 3/16/81 4/ 9/81 o.o 35.8 13.4 7.2 

TOTAL zo 45.4 110.6 41.4 5.5 

TOTAL H,\~S 74 114.5 HRS 179.8 HRS 67.l HRS 2.4 AVERAGE 
TOTAL n::E 127.7 HRS 192.9 HRS 72.0 

PERFORMANCE RECORD - SYSTEM HOURS PER MAP 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Al'NEX MAPS HRS/MAP o.o o.o o.o 2.7 o.o o.o o.o o.o o.o o.o o.o o.o 
MAPS 0 0 0 4 0 0 0 0 0 0 0 0 

BASE HAPS HRS/MAP o.o o.o o.o 0.9 o.o o.o o.o o.o o.o o.o o.o o.o 
MAPS 0 0 0 44 0 0 0 0 0 0 0 0 

EXHIBIT A MAPS HRS/MAP o.o o.o o.o 2.2 o.o o.o o.o o.o o.o o.o o.o o.o 
MAPS 0 0 0 2 0 0 0 0 0 0 0 0 

SV P~ANl!:'.R MAPS HRS/MAP o.o o.o o.o 3.7 o.o o.o o.o o.o o.o o.o o.o o.o 
MAPS 0 0 0 4 0 0 0 0 0 0 0 0 

CON'.'cRSIOHS HRS/tlAP 4.7 6.4 7.2 5.5 2.9 3.7 7.1 l.7 4.7 3.5 7.8 4.3 
MAPS 16 22 6 20 35 lS 6 50 14 34 s 26 

OTHER MAPS HRS/MAP o.o o.o 6.0 o.o o.o 1.6 1.6 12.9 o.o o.o o.o o.o 
MAPS 0 0 l 0 0 45 29 5 0 0 0 0 

TIME-OFF CODES HOURS 
0 o.o 

TOTAL Tl''.E-CFF o.o 
TOTAL t;:·t-SYSTEM TIME 47.6 
TQT,\L S\ STEii TIME 114.5 
TOTAL TitlE 162.l 
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ABSTRACT 

SYSTEM UTILIZATION TRACKING 
BY JOB NUMBER 

by 
Brent Graham and Bob Rutherford 

Boeing Commercial Airplane Company 
MIS 72-08 P.O. Box 3707 
Seattle, Washington 98124 

206-237-7075 773-9736 

In order to effectively manage a CV system, the personnel responsible need timely, 
accurate and accessible information. Such information would include job description, time 
spent on that job, estimated time to completion, date due, job number, operator, etc. The 
ability to collect and output this information will aid management in allocation of resources, 
scheduling, tracking of possible late releases, backlog, and work forecasting. This paper 
describes the methods used to collect and arrange the information in a usable format. 

OBJECT 
The object of this paper is to describe the methods used to collect the information from 

the CV system and put it into a usable format. To identify procedures and CV system 
capabilities that will aid other CV system users in producing a usable accounting system. The 
flow chart, Figure 1, shows how each of these programs fit together and a brief description of 
what each program accomplishes. To collect this information as easily as possible, we will use 
a variety of system capabilities such as PEP, data extract, execute file, sort and tally pro
grams. 
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Figure 1: Flow Chart 
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PROCEDURE 
Several reports are generated: a short report showing the weekly system usage, a report 

showing total times, and a longer more detailed report showing a cumulation of work done on 
the system by job title, job number, operator; and time spent. 

The first report is generated using the accounting tables, which contain the active job 
numbers. In order to track the time spent on a job the user is required to log onto the system 
using a name, job number, and then a password. An example of the accounting table is 
Figure 2. This procedure will allow the CV log system to track the time spent on a task and 
associate that time with a job number. 

The information is extracted using a hardfile to save the oplog. It is now relatively easy 
to produce a short report that shows the time spent that week on each job. In our case, we 
used the CVTECO editor to produce the report shown in Figure 3. The report could also have 
been produced by using an execute file and the text editor. 

B,D,ADM I N,0000,XXXXXXXXX 
A,009A,BASIC,0000,XXXXXXXX 
A,OIOA,BASJ C,0000,XXXXXXX 
B,G,ADM I N,0000,XXXXXXXX 
A,ADM,LOGOPER,0000,XXXXXXX 
BCS,BCS,BASI C,0000,XXXXXX 
CV, CV,BASI C,0000,XXXXXXXX 
A,002A,BASIC,OOOO,XXXXXXXX 
A,M JSC,BASI C,0000,XXXXXXXX 
A, 488 ,BAS/ C,0000,XXXXXXXX 
A,579,BASIC,0000,XXXXXXX 
A,591,BASJC,0000,XXXXXXXX 
A,594,BASJC,0000,XXXXXXXX 
A,597,BASIC,0000,XXXXXXXXX 
A,598 ,BAS/ C,0000,XXXXXXX 
A,60/,BASIC,0000,XXXXXXXX 
A,658,BASJ C,0000,XXXXXXXX 
A, 660,BAS I C,0000,XXXXXXXX 
A,665,BASJ C,OOUO,XXXXXXXXX 
A,670,BASIC,0000,XXXXXXXXX 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Figure 2 

THIS JS THE SYSTEM UTILIZATION LOG FOR MEG FOR THE WEEK 
ENDING 30 APR 1981. 

SUMMATION OF CHARGES: 

ACCT NO: TOTAL: 

D $ 14~95 
G $ 46.74 
ADM $ 9.32 
MISC $ 21.11 
488 $ .30 
579 $ 47.90 
591 $ 31.63 
594 $ 42. 18 
597 $ 23.40 
598 $ JO. 76 
601 $ 22.83 
748 $ 2.47 
TOTAL /SJ- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 

273.59 

Figure 3 
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The next step is to add that time to the old time to produce a cumulative total. See 
Figure 3. 

This report was done by comparing job numbers and adding the times together if the job 
numbers matched. If there was no matching job number, the value was entered into the new 
column and added to the totals. 

The s~cond report was produced by data extraction. The data extract section of the col
lection of programs is really very simple in principle and structure. The data.extract skeleton 
file on the system was used to create the working file. The properties used could have been 
any of those ready on the system, but we chose to create our own in order to avoid confusion 
to the users. These new properties were added to the data.property file in the area reserved by 
Computervision for user use. 

RFMS TOTALS FOR THE MEG GROUP 
RFMS OLD NEW ACCM 

D 64.26 14.95 79.21 
G 104.22 46.74 150.96 
ADM 5.85 9.32 15.17 
MISC 30.13 21.11 51.24 
488 0.75 0.30 1.05 
579 115.36 47.90 163.26 
591 79.68 31.63 111.31 
594 31.85 42.18 74.03 
597 35.09 23.40 58.49 
598 21.92 10.76 32.68 
6DI 80.41 22.83 103.24 
748 2.47 2.47 
551 I.DO I.DO 
552 1.00 1.00 
553 /.00 1.00 
554 10.00 10.00 
555 0.10 0.10 
560 1.50 1.50 
589 57.35 57.35 
593 172.88 172.88 
655 2.00 2.00 
657 2.00 2.00 
658 D.50 0.50 
700 20.98 20.98 
747 0.55 0.55 
894 3.00 3.00 

Figure 4 

For our application, we chose to use props for their universal properties. We wanted each 
production dataset to carry the name of the creator, the RFMS number (request for MEG ser
vice), the scheduled start date, the scheduled completion date, the estimated hours to comple
tion, and the actual completion date. These last two entries would be updated as the hours to 
completion changed, and when the job was completed. 

The initial inputs of creator, RFMS number, scheduled start date, and scheduled comple
tion date are only entered once at the time the job is activated. These inputs are done through 
use of either the menu keyfile or through execute files at the CADDS level. Any changes to 
these properties are also done through these files. The operator assigned the RFMS is respon-
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sible for all inputs and is charged with keeping the information current. All inputs are either 
text entries or integers. 

The data extraction file is quite simple and straight forward. We use the standard format. 
The program sorts on the creator and then the RFMS number. There are three fields in the 
report which are left open for data to be merged from other programs. Once the extraction 
has been run, the report can be re-sorted as needed by any of the field headings through the 
use of the CADDS level command, "sort file." 

In order to obtain the titles for jobs that were not included in the data extraction, 
another PEP file was created that, when executed, builds a text file that could be merged with 
the report. This report contains information about jobs that were not run directly on the CV 
system but were related to it. For example see Figure 5. 

PAGE: 

MANUFACTURING ENGINEERING GRAPHICS STATUS REPORT 
TOTAL ENDING 4-23-81 

TOTAL HOUR SCHD SCHD ACTL 
FILENAME/TITLE OPERATOR Rf-MS MAN-TO STRT COMP COMP FILESIZE 

HOURS COMP DATE DATE DA TE 

ADM IN 
ADMIN 
MISCELLANEOUS 
MISCELLANEOUS 

RUTHERFORD D 64.26 
GRAHAM G 104.22 

OPEN MISC 30.13 
OPEN ADM 5.85 

488 .75 
MJl2N50D5 551 I.DO 3 612 619 612 

5 612 619 612 
3 612 619 612 
-6 617 627 

M 112N5DD8 552 1.00 
Ml/2N5013 553 I.OD 
M 112N5DDI 554 10.0 
MI 12N5008 555 10 -6 618 632 

• 560 1.50 
M 112N40DISI- -OODOD CASH 579 115.36 18 593 611 
M4JJN4114-J GORTON 589 57.35 3 594 6D6 616 
M411N4114 GORTON 591 79.68 34 617 632 
M£G65-45408 BARNHART 593 172.88 -103 576 609 

M/40N0/04 
Ml40N0/02 
M/40NOJOO 

Mll2N5001 

594 31.85 
ROWLAND 597 35.D9 52 615 626 
BUFF 598 21.92 62 598 631 
GORTON 6DI 80.41 ID 603 641 

655 2.00 
657 2.0D 
658 .50 

700 20.98 -12 613 623 614 
747 .55 

Mll2N5022 894 3.00 3 609 619 611 
TOTALISJ------------------------------------------------------

Figure 5 
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CONCLUSION 
Once this system is implemented, it is easy for the system administrator to update the 

files to reflect changing needs. The reports generated can be disposed to line printers and 
routed to affected management. The examples shown in this paper show our needs and our 
naming convention. Each CV system administrator will need to determine his tracking needs 
and develop his accounting systems accordingly. We hope that some of the concepts discussed 
will be of use in setting up your accounting system. 
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PEST: AN INTERACTIVE GRAPHICS LANGUAGE 
FOR THE CV USER 

S. C. Morris 
Applications Manager 

Elstree Computing Limited 
London, U .K. 

1-959-3636 

John Laing Limited, one of the United Kingdom's largest civil engineering contractors, 
installedits first Computervision equipment in 1975. It was located in the offices of John 
Laing Design Associates (JLDA), the Laing Group's own multidisciplinary design office for 
building and civil engineering projects. 

The main objectives of this installation were two-fold: 

1 ~ to undertake a detailed assessment of the feasibility (from both the client and com
puting points of view) of developing a Computer Aided Design and Pricing application 
(CADAP) for projects for which Laing undertook both the design and construction. In 
the envisaged application, the CV system would be used to: 

i) develop a co-ordinated design for the project in question, 
ii) produce the required working drawings from the agreed design, 
iii) generate from it files of basic identification and dimensional data. 

These CV-generated files would then be transferred to the Laing Group's twin 
IBM370/145 mainframes for further processing (quantification, sorting and collating) 
before being made available to an existing on-line estimating system running on the 
IBM370s and used by estimators at the London head office and at 12 regional offices 
throughout the UK. 

2. The second objective of the CV installation was to develop in parallel with the above 
study a wide range of computer-aided drafting techniques to meet the requirements of the 
Laing Group in general and JLDA in particular. 

In both cases, the necessary computing expertise was provided by staff from Elstree Com
puting Limited (ECL), a wholly-owned subsidiary of the Laing Group, with a staff of approx
imately 150, who provide a complete computing service to the Laing Group and, increasingly, 
to a number of other external organizations. 

Since the latter half of the 1970s, there has been a steady decline in the UK construction 
workload, adversely affecting the "design and construct" market in particular. Consequently, 
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the CADAP application has not been implemented although a large part of the necessary 
application design and costings have been completed. Instead, effort has been concentrated on 
the development of computer-aided drafting techniques. A user-oriented graphics language, 
developc::d by ECL for use in this application area, is the subject of this paper. 

Our initial drafting experience was gained with CADDS3, releases 3 and 4. This proved 
that CADDS has the graphic capabilities to enable typical building and civil engineering draw
ings to be produced on the system. However, it was not possible to construct these 
economically from either a time or cost standpoint because of time-consuming and complex 
input procedures. 

We briefly considered using PEP but at this time (1976) it did not off er interactive input 
facilities at run time and did not meet our users' requirements. A decision was, therefore, 
taken to develop our own routines to provide the facilities we needed, and the idea of PEST 
was conceived. 

PEST (Parameterised Entity Symbol Translator) was designed to meet the following basic 
requirements: 

1. It should be a simple programming language easily used by draftsmen with no special 
programming knowledge. 

2. In use, it should: 

a. allow a symbol to be specified in terms of a number of parameters and the. relation
ships between them, with the actual value of these parameters and othe(dimensions 
being input at run time; · · ·· 

b. allow the user to specify all the appropriate interactive dialogue invoked at run 
time to secure the necessary parameter values; 

c. appear to the user to operate as part of the basic operating system, in this case 
CADDS; 

d. allow a symbol, once created, to be added to the graphics database, subject to the 
normal graphics operations; 

e. operate at a speed acceptable to the user. 

The initial CV version of PEST was completed very quickly and passed to the JLDA 
draftsmen for assessment and comment. In its earliest form, PEST simply permitted the 
specification of a symbol in terms of various straight lines, the relationships between these 
lines, and the input of the various linear dimensions from the keyboard at run· time. 

Despite the limitations that this basic system imposed, it was clear from the enthusiastic 
response from the users that this type of software went a long way towards meeting JLDA 
requirements, both in terms of approach computer-aided drafting and cost- and time-effective 
drawing creation. This acceptance was further underlined to ECL by the arrival from JLDA 
of a long list of suggested enhancements to the. basic version of PEST then in use. 

Since that time, PEST has been continually developed by ECL to meet JLDA 
requirements. Four major releases have been developed and installed. 

It is now considered that .the major development of CV-based PEST is complete, and 
that the original objectives have been achieved with a level of success undreamt of at the 
outset. 

PEST can not be regarded rightfully as offering comprehensive graphics language and 
processing facilities. In addition to those features already mentioned, PEST provides for: 

-parameter value input via the digitizer as well as via the keyboard; 

-both compulsory and optional parameters, with default values for optional parameters; 
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-a range of 30 different language statement types; 

-processing loop facility; 

-decision statements; 

-full mathematical functions and the ability to handle expressions; 

-symbol modifiers to control 
-angle of rotation 
-origin 
-scaling 
-layer specification 
-mirroring 
-arrays of symbols with or without variable spacing. 

Our most recent development includes the provision of links both to and from 
FORTRAN-a facility now being used with increasing frequency and cost effectiveness. 

The PEST software consists of three phases, as follows: 

1. The Compiler 
The Compiler behaves like a conventional language compiler. It reads the PEST sym

bol source code· produced by the user and checks its syntax. From this source code, the 
Compiler produces an object code which is designed to be obeyed by the Language Pro
cessor. Once successfully compiled, the object code of a particular symbol is stored within 
the CV /PEST library from which it is retrieved whenever required for insertion into a 
drawing. 

2. The Language Processor 
The Language Processor retrieves the object code from the library and undertakes 

functions such as prompts for input/calculations specified in the user's CV /PEST symbol 
source code. In the CV version of PEST, standard CADD3 utilities are called in order to 
process any input statements in the PEST source code which require keyboard or digitizer 
input. During processing of the commands contained within the symbol, the output to 
generate the graphics is written to a temporary file for input to the Display Processor. 

3. The Display Processor 
The Display Processor modifies the output from the Language Processor to take 

account of user-selected origin, scale, rotation and mirroring parameters. The .Processor 
then writes the resulting graphics to the CV database. Handling the common operations of 
rotating, mirroring, scaling, and positioning in this way makes PEST programs simpler to 
write and more powerful. That's because this logic does not need to be included in each 
program. 

Our PEST library currently contains some 350 PEST symbols. They cover all aspects of 
our CV drafting activities from simple 2D grids and drawing sheet outlines through a range of 
architectural, civil engineering and piping layout symbols, to complex 3D symbols relating to 
excavation quantities for quarrying and open-cast mining. 

Since our purpose is not to provide instruction in the use of PEST, no further technical 
details of PEST are given. The remainder of the paper discusses in detail the application of 
PEST to some of the graphics-computing activities of a major Construction Group. 

TYPES OF PEST SYMBOLS 
The PEST symbols that we have developed can be conveniently classified into three 

categories: 
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1. Basic Symbols 
These symbols normally require only one piece of additional input from the user-he 

must digitize the position at which the symbol is to be drawn. 
Examples of this type of symbol are: 
· company logos 

drawing sheet outlines 
Essentially they are very simple symbols which do not vary in size or proportion. 

2. Interactive Symbols 
This group represents not only the largest number of individual symbols but also those 

which provide the greatest increase in productivity and hence, cost benefit. In use, these 
symbols require additional user input to create additional graphics either directly or as a 
result of some further calculation based upon the user-provided input. Examples of inter
active symbols will be discussed later. 

3. Non-Graphics Symbols 
Symbols in this group do not generate any graphics output but are used to perform 

various functions related to the use of another graphical, normally interactive, symbol or 
symbols. Typical examples are a simple design calculation or the preparation of a material 
schedule. 

APPLICATIONS OF PEST 
1. Land Surveying 

5.843 

Figure 1 

We use our CV installation to prepare final survey drawings as a result of our field 
surveys. Our raw survey data (points, etc.) is processed initially on our 370 (though this work 
will shortly be moved to our in-house PRIME 550). The completed survey or point plot is 
then passed via magnetic tape to the CV installation. 

In completing the survey drawing, we use a number of relatively simple PEST symbols to 
insert the various features (trees, hedges, ditches, etc.) onto the plot. Figure 1 shows an 
extract from such a plot with trees and hedges. 
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In the relatively simple interactive symbol for the tree, the user is prompted to supply the 
following: 

Tree girth in metres 
Tree spread in metres (but can be digitized) 
Tree height in metres 
Tree type 

The tree symbol is then drawn to scale in the position selected by the operator, and the 
appropriate text identifying the tree is also drawn alongside the symbol in the position iden
tified. 

The hedge shown is also another symbol inserted where required at the width given by 
the draftsman. At this stage in the preparation of the survey drawing, the draftsman may well 
be working direct from the site surveyor's notebook. 

/ / 
...--1 I I 
~ I I 

I I 
J_ 

Figure 2.1 
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o>cADDS 

PART NAME:QWERTY 
CREATING NEW PART 

*INS PSYM STAIRCASE 

VERSION STS 

STOREY HEIGHT (BETWEEN 2 M & 4.5M) 4.5 

EQUAL FLIGHTS? N0(1) YES (C/R) 

SET FLIGHT OVERLAP (OR C/R) 

UP FLIGHT LEFT HAND N0(1) YES (C/R) 

INFORMATION ON NO. OF RISERS OR RISER HEIGHT 
TOTAL NO. OF RISERS? (OR C/R) 
RISER HEIGfIT? (OR C/R FOR .18M HEIGHT) 

GOING? (OR C/R FOR .25) 

WAIST DEFAULT VALUE TAKEN 

LANDING DEFAULT VALUE TAKEN 

OVERLAP CALC TO SUIT STRUCT LNDG 

STRUCT LNDG DEPTH (6) = 0.200 OVERLAP (0) = 0.257 VALUES OK? 

LANDING (6)? VALUE OR C/R IF OK 
OVERLAP (0 )? VALUE OR C/R IF OK 

RISER= 0.187 GOING= 0.250 PITCH= 36.9 AGGREGATE= 625 
RISERS TOP FLT = 12 BCYr FLT = 12 
STRUC WAIST = 0.150 STRUC LDG = 0.200 
STOREY HT = 1.t.500 LDG HT = 2.250 
HEADRM VERTICAL 4.05 SLOPING ::: 3.24 
O/A LGTH = 5. 1:l07 WDTH = 2.700 

IS STAIRCASE ACCEPTABLE ? (YES .:::: C/R NO = 1) 

UPPER FLIGHT 
LDG = 1.437 FLT = 2.750 1/2 LDG = 1.200 

SOFFIT 
LDG = 1.201.t FLT =, 3.000 1/2 LDG = 1.201± 

LOWER FLIGHT 
LDG = 1.200 FLT= 2.750 1/2 LDG = 1.457 

SOFFIT 
LDG = 1.204 FLT = 3.000 1/2 LDG = 1.204 

PLEASE GIVE REQUIREMENTS (YES = C/R NO = 1) 
SECTION? = 

PLAN? = 

ORIGIN: DIG XOYO 

* 
Figure 2.2 
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#RUN PSYM JD-B69T 

DEPTH OF HOUSE 7 

'1IDTH OR FROOTAGE 5 

HEIGHT TO EAVES i.. 2 ,.--

DEPTH OF PORCH 1 

WIDTH OF PORCH 1 

HEIGHT OF PORCH TO EAVES 1 

DEPTH OF GARAGE 6 
t:::I 

WIDTH OF GARAGE 2. 3 

HEIGHT OF GARAGE 2. 2 

DIG POSITIOO DIG d 
GIVE LEVEL OF GROUND FLOOR SLAB 1 

LEFT ( 1 ) OR RIGHT (2) HAND PORCH 

GARAGE YES' 

DIG POSITICti DIG d 
GIVE LEVEL OF GROUND FLOOR SLAB 2 

LEFT ( 1) OR RIGHT (2) HAND PORCH 

GARAGE NO 

DIG POOITIOO DIG 

4 DEF VIEW AJ(;,65AY15 SEL 

AS VIEW 7 

~SEL VIEW 7 

Figure 3 

2. Architectural Detailing 
In this application area, I have selected a staircase as a representative symbol. 
The setting out and drawing of staircases in buildings is a time-consuming and tedious 

task. This early PEST symbol has removed the problem. Now the insertion of staircases in 
architectural or civil engineering drawings is simple, straightforward and, above all, fast. 
Figure 2 shows a typical staircase produced by the symbol in both elevation and plan, together 
with details of the associated prompts and user responses. After the user has entered all the 
appropriate parameter values, and all the necessary calculations have been performed, PEST 
outputs details of the staircase under design for user approval, before insertion in the draw
ing. If the user is not satisfied, the parameter values input may be changed and the staircase 
redesigned. Only when the user is satisfied with the arrangement of the staircase is it inserted 
into the drawing. 

In the early days of PEST, it was the requirement for a staircase symbol that highlighted 
our need to be able to input parameter values by direct digitizing. In that way we could 
handle situations where in certain locations in a building exact story heights, stairwell sizes, 
etc. were not immediately obvious to the draftsman. 

Over the years we have established a large number of architectural symbols covering not 
only the normal fittings (WCs, washbasins, etc.) but also door and window opening details, 
etc. 

3. Estate Layouts 
During the past two years an important part of our work has been concerned with estate 

layout procedures. We now have a comprehensive estate layout "package" which covers all 
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aspects of this work including road and footpath layout, horizontal and vertical alignment, 
drainage detailing, and the layout of houses, garages, etc. In this work, significant use is 
made of PEST. 

The. example shown in Figure 3 relates to one particular house type which can vary in 
size, has a number of options (garage, porch, etc.) and c·an be built as a LH or RH version. 
The user is prompted for various parameters as shown, and the house plan is drawn accord
ingly. 

Another feature of PEST is that a symbol can be repeated simply by changing those 
parameters which vary, and so a second house may be simply inserted omitting the garage and 
reversing the hand. 

We are extending our estate layout work to include full 3D modelling. This particular 
PEST symbol will, as shown, automatically generate a 3D view of the houses previously 
specified. 

Figure 4 shows part of a typical housing estate layout produced by our Estate Layout 
System. 

The procedures outlined briefly above are, of course, equally applicable to non-housing 
estates, e.g. industrial layouts, airports, etc. 

Figure 4 

4. Housing Components 

JOHN LANG DESIGN ASSOCIATES 

HOUSING LAYOUT. 

NETLEY 

A significant proportion of the houses now being built in the UK are of timber frame 
construction. The symbol shown in Figure 5 was developed solely to explore the possibility of 
using our CV installation to assist in the layout of timber panels in a house and to produce at 
the end a schedule of the panel types and quantity in a particular house type. 

This symbol generates the required house outline. The user is then prompted to insert 
panels of different types and sizes (plain, corner, window, door, etc.) into a wall of the house. 
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As this is being done, the graphics displayed by the PEST symbol are modified to show 
cumulatively the panels that have been inserted. In addition, for the wall in which the panels 
are currently being inserted, the remaining length into which panels may be fitted is con
tinuously adjusted and displayed to the user. As a panel is inserted into a wall, it is written 
away to a temporary queue. On completion of the layout of the panels, it is picked up from 
the queue and accessed by another PEST symbol which produces what is currently a fairly 
crude schedule. (Figure 5.2) It is worth noting that these two symbols, developed essentially 
for research purposes, took less than 2llz days to code, debug and get operational. 

z 
CD 

x 

z 
!!!! 
x 

#RUN PSYM SUPAN 

CPS 

CP4 

GIVE O/ALL LENGTH 9.514 

GIVE O/ALL DEPTH 5.914 

WPS 

WPS 

DIG POSITION GROUND FLOOR PLAN DIG d 
DIG POSITION 1ST FLOOR PLAN DIG d 
POSITION PLAN WITH ZWIN DIG ZWINdd 

GIVE DISTANCE TO FIRST PANEL .9 

DISTANCE REMAINING 8.290 
IS PANEL WINDOW (1) OR PLAIN (2) 1 

GIVE WINDOW PANEL TYPE 1,2,3,4,5,6 5 

DISTANCE REMAINING 6.490 
IS NEXT PANEL A CORNER YES (1) N0(2) 2 

IS PANEL WINDOW (1) OR PLAIN (2) 2 

GIVE PANEL WIDTH 1.8 etc ... 

#RUN PSYM SCHED 

ORDER NO. 1234 

CUS1'0MER NAME ELSTREE COMPUTING 

X 9N WP3 XISN WP6 CP4 

x 
«i 
z 

x 
«i 
z 

XIBN WPI XION WPS CP3 

Figure5.1 

Figure 5.2 

(continued) 
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PLACE OF DELIVERY BOREHAMWOOD 

ORDER NO. 1234 
CUSTOMER NAME ELSTREE COMPUTING 
PLACE OF DELIVERY BOREHAMWOOD 

BIN 
NO. 

#ZOM ALL 

PART 
NO. 
WP 1 
WP 3 
WP 5 
WP 6 
CP 3 
CP 4 
CP 5 
XP 9 
XP 15 
XP 18 

5. Civil Engineering 

DESCRIPTION MANUF/ QUANTITY 
BOUGHT REQUIRED 

WINDOW B 1 
WINDOW B 1 
WINDOW B 3 
WINDOW B 1 
CORNER PANEL B 1 
CORNER PANEL B 2 
CORNER PANEL B 1 
EXTERNAL PANEL B 2 
EXTERNAL PANEL B 1 
EXTERNAL PANEL B 5 

Figure 5.2 (continued) 

One of our main interests in this area is the detailing of drawings of reinforced concrete 
structures. We have been using PEST symbols for some time in connection with this work. As 
contractors as well as designers, we prefer certain typical arrangements of reinforcing bars in 
various situations, from both the design and construction view points. PEST is ideally suited 
to such cases and we have established a number of PEST symbols to reflect this method of 
working. The PEST symbol generates the necessary graphics on the basis of parameter values 
both as input by the draftsman and as calculated by a separate design program resident on the 
CV installation. 

There is another advantage to this approach using linked, but nevertheless separate, 
design and graphics programs-a single PEST symbol can be linked to a number of different 
design programs each complying with a specific Code of Practice (e.g., UK, USA or 
European). 
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The example shown is of a reinforced concrete pile cap. (Figure 6). 
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6. Piping 
One of the Laing Group's associated companies has recently been using our CV installa• 

tion for the preparation of piping drawings. They have established some 30 separate symbols 
which are used in the conventional PEST manner (i.e., the user supplying the parameter 
values-diameter, length, capacity, etc.) to produce the symbol size and shape for in~ertion at 
the desired part of the drawing. 

In addition, a number of other PEST symbols have been developed for vessels such as 
filters. These symbols perform all the necessary calculations to determine flow rate, filter 
characteristics, etc. Then, after the operator has confirmed his acceptance of the results, the 
symbols produce the required graphics output. 

It is worth noting that the drawings shown in Figures 7 and 8, and all the symbols con
tained therein, were produced by one particular draftsman whose total experience in 
computer-aided drafting (i.e., gaining familiarity with CADDS and PEST) was approximately 
half-time over a period of some six months. 
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7. Earthwork Calculations 
It is often necessary within the construction industry to prepare bids in what appears to 

be an impossibly short period. An advantage of PEST is that it enables specific computer 
solutions or aids to be developed in a timescale typically less than half of that required by 
FORTRAN. . 

Recently the Laing Group were involved in preparing a bid for a large open-cast, coal
mining project. An initial and crucial part of the work involved determining, from borehole 
data and contour maps, the volume of coal to be extracted from two seams between 5 and 10 
feet thick, and the amounts of over and inter burden to be removed to get at the coal. In cer
tain areas of the site, the overburden/coal ratio might make it uneconomic to extract the coal. 
Therefore, it was necessary to isolate those parts of the site. To facilitate this, the site was 
overlaid with a 500 foot grid, and calculations of volumes were then undertaken individually 
for each 500 foot-square block. The main output required was a diagrammatic 3D representa
tion of single or groups of blocks showing the surface of the land, the coal seams and over 
the interburdens, together with the calculated volumes of coal and spoil. In this application, 
the PEST-FORTRAN links were used. FORTRAN was used mainly for establishing the files 
of borehole and gridded contour data and carrying out the necessary volumetric calculations 
and level interpolations. PEST was used for generating the necessary graphics output from the 
appropriate data transferred from the FORTRAN files. 

An example of the typical PEST output for a particular block is shown opposite in 
Figure 9. The volumetric data to the right of the three-dimensional block diagram could also, 
if required, be output to the telewriter without graphics. An initial, abbreviated, pilot scheme 
to demonstrate to our estimators the feasibility of this scheme was completed by ECL and 
JLDA in three days. Following their acceptance of this approach, a full production version 
containing a number of other features not described above was completed and operational in 
less than three weeks. 

We have used very similar techniques in preparing numerous cross-sections for quantifica
tion in canal and highway construction projects. 
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Figure 9 

VOL I VOL 2 MEAN !CU.VOS.I 

OBI. : 17814.8 70925.9 44370.4 
062. = 269560.2 272083.3 270821.8 
063. : 99606.5 98472.2 99039.3 
M.K. = 44893.5 44120.4 44507.0 
I.B. : 48643.5 47796.3 48219.9 
l.K. = 63055.5 63203.8 63129.7 

TOT Al COAL : 120553.0 TONS 
TOTfll OB. = 462451.4 CU. YOS. 
OB/COAL 3.8 CU.YD5/TONS. 

FILL VOL = 5495.4 5213.0 5354.2 
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Figure 10 

8. Project Bar Charts 
A PEST symbol has recently been produced by the JLDA draftsmen to facilitate the 

rapid production of project bar charts as shown opposite. It is necessary for the Group to 
produce a number of these charts each week to a consistent high standard for bid submis
sions, etc;.{ 

The \iser is prompted to enter the obvious project variables: 

name 
start week number 
duration 
holiday weeks 

and then for each activity: 
description 
start week 
finish week 

• 

A typical bar chart such as that shown opposite in Figure 10 with approximately twenty 
activities can be completed in about 6-8 minutes from the basic details provided. 

SUMMARY 
The development of PEST over the past four years has been a highly successful project, 

contributing significantly to the success of our CV installation. It is now the foundation upon 
which all our computer-aided drafting activity is based. A major factor in the acceptance of 
PEST by the user, apart from its speed of operation, has been the ease with which draftsmen 
with no previous programming experience have been able to develop their own particular 
PEST symbols. Typically, within three days of starting to learn PEST, a graphics draftsman 
will have successfully completed his first, albeit relatively simple, interactive PEST symbol. 
We find that once a draftsman passes this stage and has accepted and understood the way 
PEST operates, he quickly attains skill in developing complex symbols. 

Consider speed of operation. Generally speaking, the formation of the graphics is almost 
instantaneous. Obviously where the symbol is extremely complex in terms of calculations or 
the amount of graphics to be generated, insertion of the symbol takes longer. It is not pos
sible to give any comparative figures based on our own observations as we do not have PEP, 
VARPRO or PAREX. However, PEST is now in use in two other CV installations in the UK. 
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They tell us that PEST typically achieves a 10 to 1 saving in the generation of a symbol at run 
time compared with previous methods. Also the coding of PEST symbols is considerably 
simpler and less time-consuming. 

But perhaps the greatest benefit from PEST lies in its versatility. Not only can the soft
ware deal efficiently with a wide range of applications as shown, but it also increases the ver
satility of our draftsmen. Through the use of PEST, they too are becoming skilled in the cost
effective application of graphics over an increasingly wide range of applications. That has to 
be good news for both the Laing Group as a whole and for the draftsmen themselves. 
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ADVANCED PROGRAMING TECHNIQUES 
UTILIZING EXECUTE AND PAREX 

Abstract 

John Richards 
Boeing Commercial Airplane Company 

Valley Office Park 
1801 Lind Avenue S.W. 

Renton, WA 98055 

The sµbject of this paper is Advanced Programing Techniques and it is not my intention 
to describe detailed programs. I shall be describing techniques which can be utilized to achieve 
program functions that Execute and Parex are not generally thought capable of achieving. 
Anyone wishing to discuss detailed ideas may contact me and I will be pleased to assist in 
whatever way possible. 

By way of introduction, I will describe some basic ground rules for approaching the sub
ject of programing effort on CV. This approach has been used with great success during my 
association with the Boeing Company, and the potential for time and cost savings is enor
mous. The measure of a user's success in programing efforts will be a direct result of the 
choice of personnel for the task and the method of utilizing these personnel. 

The CV CADDS software is an extremely versatile package, which coupled with the 
simplicity of Execute/Parex, produces an exceptionally powerful tool. At this juncture, I note 
that PEP, which is another whole field of techniques, some superior and some inferior, is not 
considered in this present paper. 

The essence of advanced programing is "know your system." Programmers must be ex
perienced and familiar with the software, both CADDS and operating system. They should 
also have an operator's knowledge of the problems they are trying to solve, and should 
develop a broad knowledge of the commands from areas other than their own specialty. Fur
thermore, they must know their terminal and its capabilities intimately. Most of all, they must 
be interested and enthusiastic and will probably already have some good programs under their 
belts. 

Their personnel should be situated near each other and encouraged to share ideas and 
problems. Their ideas and suggestions should be considered carefully and when necessary they 
should be given the task of producing simple demonstration programs to prove basic ideas 
and requirements within reasonably light but flexible time scales. 

Finally, they must never pass over error messages, but always investigate their mistakes. 
Some.times, errors are not great and in any case can often be useful features. Contrary to 
popular belief, the software rarely, if ever, makes an error and almost everything works cor
rectly if one knows how to use it. I would also note that there are a lot of unknown and 
undocumented features to some commands. 

There will almost certainly be a host of personal programs on most systems; however, for 
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programs to be suitable for use by all operators of varying familiarity and ability, they must 
have a single, friendly operator interface. The Lear Siegler terminal is probably the most ef
fective for this, expecially with the simple face field cursor conversion. 

Various techniques may be used in Execute/Parex to write to the terminal from CADDS 
or the operating system. Asterisks and bells are a pain and a bore to those trying to use a pro
gram and their neighboring workers, so avoid them. Programs must give instructions and 
messages and the best method is to have a message text file. To print a message, merely print 

. those lines required with any suitable modifiers to give a good clear readable message. An 
ASCII control-Z may be patched into a file to echo a shift-clear to the beginning of a 
message. This looks good to the operator and avoids confusing text remaining and paging up 
the screen. One advantage of the message file is that it allows the messages to be edited and 
structured neatly and easily without the danger of messing up the program at the same time, 
and may be completed after the program itself. The select noecho and echo features are very 
useful here because they allow a message to remain on the screen to be read while the pro
gram is doing something useful, and since the baud rate of the terminal is much slower than 
the CPU, it also speeds execution. 

Messages may also be used to expand Parex prompts by printing instructions and ques
tions such that the cursor may be moved up the screen (control-Kand control-J do this) to 
make a subsequent Parex file line up its prompts with the questions. The first line of a Parex 
program can be a shift-clear to blank the screen after the last parameter entry. To execute a 
shift-clear in CADDS all that is required is * /\ Z. 

Progressing on to more complex programing, the obvious omission from Execute/Parex 
is conditional statements. There is one true conditional and that is the X OPTION command 
in the operating system, but this has distinct limitations. However, conditionals can be built 
by other means. Since Execute/Parex programs can be nested (and therefore parameters can 
be passed down from one Parex to another) the simplest conditional is to have a Parex 
parameter as a file name to be executed. This, again, has limitations and often degenerates in
to menu picking of numbers, which is wearing and unnatural to CV oriented operators. 

There are five modifiers to run Parex; they are NFPLACES, which everyone knows, 
TARGET, NOGO, CYCLE and PRINT. The last four are extremely useful. Programers must 
get to know these and their combined effects. Since "TARGET" allows Parex to make a 
hardfile, a data text file can be produced instead of a parameterised execute program. This 
can store input for use later in a program as data or conditional information. Extraction of 
this information can be done in CADDS by merge file and run rearrange, etc., or in the 
operating system by the editor or CVTECO. Note that Teco is worthwhile learning, as it is 
very powerful and has many conditional features of its own. Therefore, by using data text 
files and conditionally transferring information to other files, one can very effectively modify 
later nested programs, create them from scratch or produce a conditional branch by executing 
a file later in the main program which may by then be blank or execute a different file. This 
sounds rather complex but is in fact simple and amazingly fast and efficient. 

There are two important things to know at this point. One is never to try to execute a file 
name that does not exist, otherwise CADDS error 135 may bomb the program; always ensure 
a dummy blank file exists. Secondly, it is very simple to delete a text file from CADDS level. 
This is achieved by merely running any Parex file with a target name of the file to be deleted. 
After typing OK to replace and obtaining the PARAMS: prompt, the process is aborted with 
a control-E. This also serves to illustrate the point that many commands can be used quite 
legally to achieve functions they were not designed for, provided the operator knows how they 
work. 

Another common requirement for programs is the extraction of data from a CADDS 
post. This can be achieved in many ways. Data Extract is far from ideal for many user's re
quirements, partly because it is not foolproof, requiring correct and often complex part con
struction to start with. Use of Hardfile will allow almost all data that can be written to the 
terminal to be extracted and used under programs controlled by merge file, edit, Teco, etc. At 
present, it is necessary to exit to the operating system for this and there is a desperate need 
for the facility to toggle a hardfile in CADDS 3. Not only will this allow a program to extract 
CADDS part data quickly, but also time, date, task number, etc. Some powerful accounting 
data can be created in this manner. 
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Having introduced some basic techniques, I shall now briefly discuss Parex before contin
uing with a description of some actual programs to illustrate what can be done. Parex is a 
very clever piece of software. The total documentation available does not describe one quarter 
of its features. (I have a sneaking suspicion that the programer left before he documented it!) 
There is not time to give a detailed full description here; perhaps I will find the time to write 
a T.I.P.S. sheet on the subject. However, suffice it to say that, in addition to the features I 
have already mentioned, parameters may be entered by name and value after the first carriage 
return and a comment may also be entered in quotes. It should be noted here that text 
storage, comments, file names and printouts of files all echo the full ASCII character set 
within the limitations of the terminal type. Another way to obtain comments in Parex 
parameter entry is by using dummy text parameters, thus Control-Z and Control-J allow clear 
single question messages in the center of a blank screen. 

Utilizing these and other techniques has made it possible to write some very sophisticated 
and cost effective programs during my association with Boeing Company. These programs are 
usually a combined effort by several people and as such should not be credited to any one in
dividual. Users will find that this team approach is most effective even though one person 
usually does most of the actual writing of a program. 

One of these programs will insert a drawing border format correctly on a CADDS post, 
first time, by giving trial ghost images. This is achieved with Parex to input drawscale to the 
getdata calculator in a verify position command. This command draws a screen trace between 
positions and is then aborted by /\ E before outputting the position data. (There are better 
ways of achieving screen display vectors but they require fortran programs not available out
side Boeing.) This command can be used out of a keyfile by calling tablet raster positions to 
give a screen image which disappears on reprinting and is independent of the screen display 
scale. By this means a menu picture can be displayed, which overlays the tablet keyfile posi
tions, wihtout the need to call up a CADDS part. 

My second program example is a CADDS file management system. This utilizes a similar 
screen image to identify ten keys. It stores the current definitions in ten of the thirty six spare 
keys. (The manual is wrong; a total of 256 keys may be defined.) The program then gets keys 
on a ten key keyfile and before the program ends, it returns the operator's original key defini
tions. Incidentally, get keys is only a glorified execute command, and other commands may be 
inserted in a text keyfile before the edit statement and after the Q, and will be executed dur
ing the get keys, for example, an automatic 'sav key'. The CADDS file manager maintains a 
list of operators with information about them which may be listed. It incorporates new users 
automatically and assigns them an ID number. It creates, lists and manipulates an indexed list 
of part files with drawscale and archive information for each operator, and can call up any of 
these parts or identify files to be archived, all by using only the index numbers. It can pro
duce paper documentation for retrieval of archived files and cause execution of any optional 
programs the user wishes to add and pass information about parts and users down to that 
program. 

The third example is a program that will create and fix out a full drawing border format, 
file the part under a special file name convention, calculate all the information required to 
transmit and store the file on a mainframe database, and produce all the company documen
tation required to release the drawing. These documents include data set release forms, draw
ing release forms, design change notes, parts lists (without data extract) and wet ink plot 
requests forms. The program asks the operator which of these features he requires and asks 
up to fifteen questions. At that point, it goes on to produce all the documents and a versatec 
check plot of the drawing. All the other information is extracted from the CADDS file 
manager, the part file and data text files. The parts listing feature is not currently completed, 
but the technique used is to insert primary drawing callout labels with a parex file. This 
attaches properties to the label. Hardfiling a listing of these properties by windowing the en
tire drawing and using the Teco character editor with the merge, sort, tally and total com
mands produces a parts list without the need for nodal entities or figures, and the list matches 
the drawing callouts. 

Other programs being written produce a two-man day duct drawing in about twenty 
minutes from center line, diameter and bend radius information from a mainframe printout, 
and select make-from p~rts from a parameter input list. 
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These are examples of what can be achieved. The programs are fast, accurate, and above 
all, time saving. Some users produce large fortran programs to achieve similar results. The 

. time and cost involved in debugging, proving and updating these is often questionable. A 
good approach which has been highly successful in practice is to write the programs in ex
ecute/parex/PEP, then prove and update them, and above all use them immediately. Only 
then, when a known and proven set of requirements is available, spend time and money on a 
fortran program to replace the other version when it is available and if it is still justified. 
There is another use for fortran programing where it is available. That is to produce simple 
building brick routines for use in execute/parex programs to avoid complex routines and save 
time. 

My aim in writing this paper was to introduce a few advanced techniques, and some basic 
advice on implementation of programing efforts together with some examples of what can be 
done to whet the users' appetites. Some users will take up the challenge, and some already 
have. I hope we will contact each other, if only informally, and soon I expect to be learning 
from someone else's discoveries as well as teaching them mine. I do not buy a dog to bark 
myself, so I want to see my system work for me and I hope to have inspired others to do the 
same. When we see smoke rising from the hardware, we will know we are gettlng maximum 
returns from our equipment! We will never get that far, but let us keep trying. 

-~· 
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