i A Seq_u_gntial

e

. . =A%
g | o

) P ' | |
: .
RS EEEERERSREEN. W

* SUNYOGH ¢ KRIMPER e« MANIFOR ¢ BEAUCHEN




J. SUNYOGH

RON KRIMPER

JOHN MANIFOR

ROBERT BEAUCHEMIN

GLENCOE PUBLISHING COMPANY
BENNETT & MCKNIGHT DIVISION



Copyright © 1987, 1985 by Computer Aided Design Ventures Limited

All rights reserved. No part of this book shall be reproduced or transmitted
in any form or by any means, electronic or mechanical, including photo-
copying, recording, or by any information storage or retrieval system, with-
out written permission from the Publisher.

Send all inquiries to:

Glencoe Publishing Company
15319 Chatsworth Street
Mission Hills, California 91345

Printed in the United States of America

ISBN 0-02-668071-8 (Text)

2345678910 91 9 89 88

Registered Trademarks:
Apple II, and Apple Ile (Apple Computer Corp.)
IBM PC (International Business Machines Corporation)
Tandy (Tandy Corporation)
Commodore (Commodore Business Machines)
Versacad Corporation
VERSACAD® Advanced (T & W Systems Inc.)
VERSACAD® DESIGN (T & W Systems, Inc.)

CAD-TUTOR® (CAD Ventures Unlimited)



TABLE OF CONTENTS

TUTORIAL 1: CAD: BASIC CONCEPTS AND PRINCIPLES ...................
IVIEINUS .« 5. i 550 005 5 0 6 506 1506058 0k 5 550 B 675 6 030 0 6 @) @ 18675 6 8 (6810 &/ 8 8 47n S10 /01 8's 070 003 '8 o0 wia @ wie w0 s win oo 1-2
MAIN MBI . .« e vee e eeses o s oie sbsiae oo s ss ssaomsnesiessesomesisonsonentsseseess 1-3
The Major MENUS . . .o .v ittt ti ittt it ie it in e snansnsasaeaaensasssnsnsns 1-4
OB ECtS - vt vttieeieeieeeneenaaeaasosssaasoaceaseassssssassssssnssanssnsansss 1-5
7)1 S S 1-6
(57017 o P 1-7
SYMDOIS ANd LIDIATIES & oo civvv seima s sam ssmemammensansnssssnessssesosossssesessssos 1-7
WIDAOWS: & 05 615 00505610 510 605 476 7008 (566 @ 8 18608 08 G0 875 1 o 76 e 418 &1 678 &) & /018 '8 #2801 ' 's7e o0 0 iwwkie & 810 00 010w @ 1-8
PLOPCITIES 5 005 5 5 5505155151558 5 6 00516 918 609060 518 1 6 18 6/ 50 o (8 95, 91810 875 B 878 01880 £ @ 8 s 00 ¢ 60 ot emm i 0 70 e 0 4 o' 1-9
Drawing Unifs . vc.oiviisinenmsanimsisesinsssamsnssbsemsassainissesssssnenssasss 1-9
Real World Coordinates . ... ..ouitntitiiei ittt incneninenenenansnnannnsnnns 1-9
Status Line .....cccieiiiiiiininiitetetitornenesocosesssisnantinsnisas st s 1-9
Function Keys/Alternative Function Keys .. ....... ...t 1-11
The Coordinate Dial . . ... ..ottt i i ittt ittt a e 1-12
Positioning the CUrSOr. . ..o v vttt ettt it ittt it iacneneananenenananns 1-12
010 LY (6 T P 1-13
Keyboard CUTSOT IMOAE: sus ws s wvos msw s sioms s sis §os asmamersiosisassmassns e snosisssnse 1-13
ONAD w00 050 515550 55 650550 F (091855 6 65 508 915 51 W8 B0 8 60878y 50618 1600 161 o 06 08 1 881 0 08 8 8 T 0w ) ao 1-14
ODJECE TTACKING i «: 575 5 505 w5505 5 576 55 5 si o 6 400 8008 60 4 7o 3o & 75 6 5 506 806 006 0o 190 608 o o o0 56 36 b 6 o 6 1-14
OBIECE BINK: & 660565 50 00i 5165800008 0 55500 505 85 808 8 68606 ¥ 6108 /5 818 8 85 680 6 01616 0 6 88 1 8 (o ik 03 1, 408 1-15
LONG CULSOT 655,615 5 4.5 06 0550 558 505 16 08 305 o0 000 305 ¥ 60680 8 5155 % 890 3180 i 6 0606 0 68 I W 8 78 906 905 B 1-15
Input From the Keyboard . .. .......c.ouiiiniin ittt ittt eiennennns 1-15
L0SS Of PreCiSION . . o oo v vttt ettt it ittt it ettt ettt e i e 1-16
Handle Points .. ....oot ittt ittt ittt ittt e et e 1-16
Template ODbJECtS . ..o v vttt ittt ittt ettt et eeeennaeneaarseneenenennennns 1-17
SKOLCR 0 w555 16000 510 605 0, 5050 6,5 10157 510 2506 76660 10 361 576 10 & 30 09 808 30 679,506 5 500 805 018 S0 418 88 0 w6108 om0 s 1-17
THe HelD OPON S 5. o 656 5a 05550 6 06 5505 005 5 01600 810 008 6 1 57507 8 805 580 5 5806 (o516 809480 616508 6 000 0 0 6 1-17
The WOIKIIE « ¢ o:a 55 50 50 5500 da d000 508805 5 5.5 575 908 8 5560 66 560 8760818 0 308 08 906000 0 6 1918 18 91 0 0 0 39 1-18
Workfile RECOVETY & w5 civianiastiossinss oiisssossssnsssnssmsnssessinssssnessens: 1-18
BIVITO 1 256t n o e eim o s iminie o roie oo ot oo ot e e 0 00 e 10 mt ie ot n s om o 8 198 8 e o 6w 6 6 6 S 1-18
A BT o 1-18
Microcomputer Hardware and 2D CAD Drafting . . ... covvvtinneiinniinnnneennn. 1-19
Diskettes and Diskette Etiquette . . . ... .vvvutinn ettt 1-19
Tutorial 1 Post Test . ..o vttt ettt ittt ettt te et ie et tne e enneennanenanns 1-20

TUTORIAL 2: USINGTHE ADD MENU ...... ..o,
IONPIIE 1051 5 5008 06 5658503 055 38 908 05 5 5500 6005 50 805 e 0 06 B0 059 0 0 o 6B 00 0 i 0 6005 6 0605 0 6 8 2-2
Selecting the Digitizer Option . . ... .vuu ittt e iieeie it eieeaneneeneaanaannas 2-2
Selecting the Keyboard Option. . .. ....outit ittt ittt it i st eeneneaeenannns 2-2
Using Input to Create a Digitizer Overlay ...........couuiinniiniiinenerneennennnnnns 2-3
Using the Function Keys. . .....ouuiniitiiiii ittt iieeeieneeanneannns 2-3
Using the Tracking MOde . . . ..ottt ittt ettt ii e et ie e iie e einaeennns 24
Using Object BHIK . . ..ottt ittt iie e et e ettt et iie e neeeanneaannns 2-4
ChanPINEThE CUISOTSIZE & 5. ¢ 1o vrs 5 a0 w15 50515 575 5576 918 50 0 51 560 5 630 515 15 58 918 78 548 57 8 1 4 5 41 § 98 6 600 & 2-5
USING UPAALE & oo sowaissio o siosio b e 5o 676 30 504 4 61 bod 08 58 60 600 50508 500 9 606008 i 03 0 3 6 b0 2-5
The ADID MENU . i.4 6 0o si 66566 3766 056 6560416 05 binnmr s onn 515 0 mie 4 5 650008 ot mse 408 6 0o d mr o o w 2-5
Adding Lines. . .. .oou ittt it it i i e e e, 2-6
Adding Multiple Lines .. .........uiinitininititieiieeieeieeenaeenannaannans 2-7
Adding Detached Lines .. .......cuuniiiniietineeiieeeiieeeiieeenneeenneeennnns 2-8
Adding PoOlygOnS. . . oo ittt i e e e 2-9
AddIng RECIANPIES .y vomsmcmmemsmnsmsm s s nas s aess s ss s a6 ee e s s s e ssess s 2-10
AAAIOE POINS o cos oo i 155 015 5159 6 00508 550 05 16918 05 661 9 8 60 o0 1 8 16 550 15 50 ks 5 57906 0 6 18 09 0 o 2-11

AAAINE CITCIES. oo o5 mas siamenms s sia sis 55 556 5089t oo 65 90 575 1 b2d 51515 1016 515 90 008 09 0 o 6 0 6 2-12



Adding a Line Of TeXt. .. ovvtunnttuunieerrieeerunerennnarenessesuanseeansesnnnnns 2-13

Using the Guides Option . .........iuuittiinniiinerneeierenerneesneeaseneennaens 2-14
Using the Escape Key . .. ..o vviiiiiiiiii ittt ittt 2-15
USINg SKEIC . L ottt it i ittt e it i i i e it e 2-16
L8117 1 S T S 2-16
Using the Exit Option . ... ..ovuiteirerreerernesntneseeasosssesasasaasasassssass 2-16
Setting Units of Measurment. .. ......ovitiuiiniineieninnenneerneneneraasosasenns 2-16
Defining the Base Window .. .....coiiiiiiiiiii ittt raeeeneennennes 2-17
Using Properties to Change Linestyle .. ........ciiuiiiiiiiiiiiiiiiiiin it 2-17
Using Properties to Change Color. .. .. .ovt ittt ittt ineneaneeens 2-18
The SWITCHES MENU .. .ovtitititie et ieeeenetenennsnenaenrannnenssnens 2-18
Using SWITCHES to Turn Markers Onand Off. .. ........... ity 2-19
Using SWITCHES to Turn Template Objects Onand Off ........... ... . ..ottt 2-19
The WINDOW MeENU ..o 0iititit ittt iie ettt iaeetaeneenenennsnnneensns 2-19
Using the Window In OPtion . ¢« o v sissisismessons ssmsosesssiosionnssesionssensnanes 2-20
Using the Base OPHON « s o i s wsisswsisneioismsiss s ssoedsssesssnsseimsssoetssis 2-20
Using MODIFY to Find an Object .........cuiiiuiiiniiiiiiiiininnrnnennannnnns 2-20
Using Delete and Undelete . . .........cciininiiiiiiiiiniiiiiiiiiniiiienenannnnnns 2-21
TREFILER MENU . . . o osvvninneoemnenswssoiosanissssinsesssssssssssssnsansesas 2-22
SavINg @ DIawing . .. oottt i i i i e i e e 2-23
Using the New Option .. .....iuititinintn ittt arnneaeneenenencnsennns 2-23
Using Getto Retrieve a Drawing . ....... ..ottt ittt ennenns 2-23
Listing Saved Drawings . ... ......couitiiiiii i inenitniinnerneteinenenanans 2-24
Using the Extended List Option .. ..ottt iiniiiiinrneeineneenneennenns 2-24
Tutorial 2 Post Test and Problems . ...........coiiiiiiiiiiiiniiiiniienarnenennens 2-26
TUTORIAL 3: USINGTHE MODIFYMENU ...t
Using the Snap Function Key .. ...ttt ittt ii it i 3-2
Using the Digitizer Scaler and Reset. .. .......oiiiiiitintniiniineeneenenenenens 3-2
AdAINg AN ATC .o ti ittt e e e e et 33
Adding an EIHPSe . . ..ottt e e e et 34
Adding @ Bezier CUIVE ... iv ittt i ittt ittt eneeeneasasenenenenaaeanns 3-6
THE:MODIFY MENU . cis 6w i6s 56 60606 606000 5 005568 00518 0 8 56 8006 818 85,5856 €585 o s siomsarnsesns 3-8
COPYING AN ODJECE 5110 5555505 w55 855755 /85,5 6008 4 a0 5508556845 8 68s 6006065856800 8§5 5 39
MOVIOE AN ODJECE & 56 55 515 w66 55 5.5 0.6 9015 boai s w3 698 9 4818 55 55 5160 w5916 B w00 880 RS 8 @ 6% 8 3-12
Scaling an ObJect, i s i s isiciciissasssansnisian s iossivsibinfeessimnisin S 3-12
Using the Rotate Option . . .. ..ottt ittt ie e iie e teeeinieeenaeenreneennenns 3-13
J o Ta T T T -3« 3-14
Using MODIFY to Change the Handle Point . ............c.couiiiiiiniiinnnennennnnn. 3-15
Using Merge to Retrieve a Drawing . .. ....vuitntntnn i ieie i eneannaeanneennns 3-15
CronChifi the: WOTKIIE . cvsvmmamsmssmnim sie s asmso s sm e wsies s aimss s sss6sessssesss 3-16
THhe QOUTPUT MENU i s 565065055655 5055 5 05 6o s 05 555 58 805 58 578 M@ a0 660 s s 6w smsss 3-16
OUPUE L0 thE PIOTET ¢ o s mius v 50 a6 0smsmwusme ms o 5o 555 614 @505 466508 518 @ 805 5 018 e b @0 8 8 508 3-17
ODIPUL B0 8. PTINCET 546 56 5a w505 w5 0606558 ed 378 5505 515 8505 855 8,8 0o 5508 88 W 5555 G808 0 5 a 816 0rs @ 3-18
Tutorial 3 Post Test and Problems . .........ccoiiuiiuniineiinrin i nenaeennenns 3-19
TUTORIAL 4: ESTABLISHING WORKING PARAMETERS
AND USING THE CONSTRUCT MENU ........................
The UNITS Menu . ..ottt ettt ittt it ite e eeeieeneeneanereneanasnanan 4-2
Setting Units of Measurement . . . ... .ovu vttt ttnt ittt nenenenneneneeneneneenenns 4-2
DEHNTNE & GII : ;50 55 w10 5600500 018 506785908 505,08 608 750 700 808 508 05 1508 670 03 8 fn w6 905 00 419 00 8 S0 908 00 L 4-5
Defiting af INCTEIMENT: & o o050 505 5 s o6 a6 60555065059 5.6 515 50506 515 6155805 955 5.8 558 10 508 505 15 oot 18 4-6
Changing the Incremental Rotation . .............iiiiiritneiiieiieinenneennnnn 4-7
Changing Increment, Incremental Rotation and Text. . ........oovviiuinnernnnennnnannn. 4-8

The SWITCHES MenuU .. ...ttt ittt ettt it ettt eeenenenenenanannns 4-9



Using SWITCHES to Maintain Text Upright. . ....... ..o, 4-9

Using SWITCHES to Turn Grids Onand Off . ... ..o 4-9
Using the Explode Option .. ......uvttneuntiininerieennenieenneansenseanssnaens 4-10
Using the CONSTRUCT MeNU . . ..ot viiin it iiiennenansnnssaaeaassnesanens 4-10
Extend/Trim Options . . . .o vttt it ittt ittt neseenanaensaasessocnsasenns 4-11
Using the Break Option .. .......iitiuiii ittt iiiiiaranenrraansasencnenans 4-12
Using the Fillet Option . ... .vuttte ettt ittt iie it ieaeneaernasnenenaensans 4-13
Using the Normal Option . .. ..o ceveateenarasasseesssnsnmanasnesssoconsnsassesssss 4-15
Constructing a Parallel Line .......ccovvvecireececnenerorocssenscacasasansosesns 4-17
Constructinga Tangent Line. . ........civiiiiiiiieiiieitneneeenaneasneesasarnenens 4-17
Tutorial 4: Post Test and Problems . .. ... ...iiuiiiiiiiiii ittt iinianeaennns 4-21
TUTORIAL 5: USING THE WINDOW MENU AND DIMENSIONING..........
The WINDOW MeENU . .. .otittitttit ittt iie it ciiein s nneanaenaesnnennsns 5-2
Using the Window Out Option . .......couuiuiiiiuiiiniiernenenneneneenenesasnnnnnns 5-3
Using 'the Full Window OPiOn . c.«.ccmessossonsocnnsssassnsenssssosessnesenossons 5-4
Using the WIndow Pan OpON: & .ssieseusmemasssmsanonsnsssssasossvasssonssessssse 54
SaVING:8 WINAOW «55 5554506 5 s 5 8is 5055505 sfa 6 510 0 s 6w @ 6 6 306§ 5@ 908 5 s M wa@smmsnsmesnsms 5-5
Using the Get OPiON .« c cvsuewassowsoaassssssnesssotsessssssesssssssnsasesessssns 5-5
Using the List OPtion . ... ovvuitunt it ie it iie ittt inenetnnenneanenaneanens 5-6
Using the What Option . ......uuiuiinitntnetintetneneeeeneeneneanenenennsneans 5-6
Using the Redraw Option . . ..o vttt ittt ittt ittt ee i ete e eneaeneenennenens 5-6
Deleting a Saved Window .. .....iuitiiiiiti ittt ie e i aenaneianneas 5-7
Adding Blocks Of TeXt .. vuit ittt ittt it ettt e et e e, 5-7
The DIMENSTON WIET 506 6,0 0504 50 6000 600 1505 8 8100 8058 608 50816 808 51 5 51 806 11 8 30050 818 1 e & 601 47 08 101 ¢ 0 o 5-9
Using Linear to Dimension an Object . ........oiuuiiiiuniennnrineneennenneennns 59
ARGUIAT DIMENSIONINE 6 w0 556 56 w6 % 6.6 5670 5.5 16 /0 55 108 666165601876 008 0806 815 © 678 ais 3608 404 5-10
Placing the DIMENSION . « e i v swsios s ssms s s smemsssse s s s sssessessmsssenssssses 5-11
Adding Dimension TeXt . . ... utttn ettt it et e 5-12
Presetting Dimension Parameters for Maximum Drawing Efficiency...................... 5-14
Using MODIFY to Image an ODbject .. ....oovtunntttinee it eiiieneiineenanenanns 5-15
Setting Linewidth in PROPERTIES . ... ... .ottt ittt iiee s 5-16
Setting Linewidth Using the Update Function Key ...............ciiiuiiuiiiiennnnn. 5-16
Using the What Option in FILER . ... ... ... ittt ineinennanennns 5-17
Using the Delete Option . . ..o vttu ettt ittt tnneeeneeennneeenneeennns 5-17
Tutorial 5: Post Test and Problems . . .. ...vviii ittt it it ittt inenenenanans 5-18
TUTORIAL 6: COORDINATE INPUT MODES AND THE OUTPUT MENU....
The Coordinate Input MOdes . . ... ..ttt ittt iieiieeiieiieeneannannnnn 6-2
Absolute Coordinate INput . .. ....oittni i i e i 6-3
Relative Coordinate Input. . . ...ttt ittt it eii i it 6-3
Polar Coordinate Input . . ... ...o.it ittt iie ittt e 6-4
Z COOTAINALES « . o v v v vttt e e st te et taae e eeaee e enneseaneseannesennesoeasssennss 6-5
Setting the Reference and Origin Point of Your Drawing .............coiiiiiiiinneenn.. 6-5
Using PROPERTIES t0 St LeVEl ... v vvvvncvsasonnssosonineassnssssssssssonsssssass 6-7
Using Update to Change the Drawing Level .............ciiuiiiiineiniinnennnnennnn. 6-7
Using SWITCHES for Levels . . . ..o vttt ittt it iie e ie ettt e e eneenaennens 6-7
Using SWITCHES for Al Levels . . ... vvii ettt it eiiiiienee e eennnnnnnns 6-8
Changing the Drawing File Drive. .. .. ..ottt ittt 6-9
Setting Display Colors ... ..uuiiin e iie ittt ettt it e s 6-9
Setting Plotter Specifications. . . .. ... vttt e i i e 6-9
Using Window to Design PIOt SPecs . ... ovuiitttiniiiee e iiiiinneeeeennnnnnnnn 6-11
Using Boundary to Design Plot Specs. ..o vvetttttttiiiieeeeiiiiiieeeeeerennnnnnns 6-12
Displaying Maximum Boundaries. . . .. ..coutinttn ittt eeerneneenenennenns 6-12

Using Factor to Design PIot SPecs .. .....couuitiiiiniininiiiiiiiiiiiiienennns 6-12



Saving Plot SPeCs ... ovvvit ittt i i i i i it e 6-13

Listing Saved Plot SPecs . . .o vt vttt it ittt it i i i i e s 6-13
Retrieving Saved PIot SPecs .. ... cviiiiiiii ittt it ittt 6-13
Deleting Saved Plot SPecs .. ....c.uiiiiiii ittt ia e 6-13
Creating a Plot SPo0l . . ..o ittt i it i it ittt i e 6-14
Tutorial 6: Post Test and Problems. ... .....coiiniiii ittt ittt ineananenns 6-15
TUTORIAL 7: USING THE GROUPMENU ...
Using the PROPERTIES Menu to Establish GroupName ............. ... ..ot 7-2
Using the Update Function Key to Revise GroupName ............. ..., 7-2
Utilizing the Options inthe GROUP Menu . .......coitiiiiiiii i iininneieennanens 7-2
Building @ GIOUP .. .vvve ettt ettt ittt it iee e ennennaennesnaanesnassnns 7-3
Using the New Optionin Build . ........ ...ttt ittt 7-3
Using the Add Option in Build . . . ... ..ottt i i it i et ia e 74
Using the Remove Optionin Build. ... ... i i i en 7-4
Using Fence t0 Build @ GTOUD < cc cs v imsimmovsmsisnsesassoenesnonsssssssssosesesseses 7-4
Using Choose to BUild 8 GIOUD: . .« < s« o5 66 s 565080 60w s 68 simossonsssenasssesossenonsass 7-5
Building a Group Using Objects . . . oot vvetnie e e eieinietinnientnnnennenennns 7-5
Building a Group Using SubSets . ... ..oviuitieitnenininneneneneneneenenenansnnns 7-7
Using Inverse to Build @ Group ........oouiiniiiiiiiiii ittt iiiiinerenennannas 7-8
Using the Where Option to View @ GIOUP . . .. .ot v ittt iiiiiii it ii it cnieinaenenananans 7-8
COPYING @ GIOUP .« vttt ettt e ie et ee e s easneenennanennneenenesnenenns 7-8
MOVINE @ GIOUD & v vttt ettt e te et et ie e e e ensnoasnenesenennenenensnnnns 7-11
SCAliNG @ GIOUP .o vv vt ittt ittt it ittt e teeasaseeaensneaenesanaenenenenns 7-11
Using the Rotate QPO o v c s s ns emss s simasssisissssssssssnssosssssssessesvsssns 7-13
NNARING GTOUPS! «:5 015 505 515 910 o508 5 5 1 93,91 8 105 5 31816808 38 608 0 8 6 $UE 65 10 508 806 8 0,2 4 0 40 w00 1o v i m i 7-13
VUSINE GO EXPIOAE 5 o5 510 55w 505 5 5 000 51005 505 576915 7657 5150 5 00 w15 0 00w 0 816 6055 6.6 97690 6 01 978 0,8 5 0 7-15
NUMDETINE GIOUPS 4 ¢ 5 500 5655 5 006 5 6 500680 6506 6856 6 & 59055508 % 356005 8 5 8 50800536 Sra @i o 58 815 8 8 86 7-15
Using the List Option . ..o vuvtitt ittt et ie e eeeneenenoneeeenenesacnsensanns 7-15
Using the Delete and Undelete Options . ...........oiiuiiiiiiiiiiiienneennennenns 7-15
ISOMELriC GIOUD ViEW .. v ittt ittt ittt ittt ittt tee e aeeeannsenanenanenenns 7-15
Projecting the Isometric View (Right Plane)............cooiuiiiiiniiiniiiiiinnnnnn. 7-16
Projecting the Isometric View (Left Plane) .. ........ ..ttt 7-16
Projecting the Isometric View (Top Plane) . ..........cuuiiniiiiiiiiiiiinnennennnnn, 7-17
Tutorial 7: Post Test and Problems . .. ... .ovtiit ettt iitin e e e neeaennenens 7-18
TUTORIAL 8: USING THE HATCH AND INQUIRE MENUS ...................
Using HATCH . ...ttt ittt ittt e et e et ie e aaieeanennnanees 8-2
Using HATCH:A General OVEIVIEW ... ..vuttittne it eenetneennenneeneenaeeneonnns 8-2
Using the New Option in HATCH . . ... ..ottt ittt it i it ie e cneanenennans 8-3
USIng the Pick Option .. .uvitttt ettt ittt et te it e teenaneeaaseenanesaenenns 8-3
Using the BOUNAATY OPON w« ss e s s wis o 508 i 068 5 0w 5 8 00 608 918 0000 5 8 38190 0 6 86 910 9,5 & 546 05 318 8-5
Using the INGUITE OPHOD « ;i cis o0 o s w56 07 s1s 5555 615 56 58 516 95 6 615 & & 1 606 506 15 610518 5. 58 Mo @ m a5 03 8-6
Using the Hatch OpHON <« i s siimivscasosessmss namssassissssssossssonssnassoes 8-6
Using the Where Option. . .. ..oiuttnt ettt it it ieeesieieaneaennenenaenenanns 8-7
Using the Delete Option . . .. .votit ittt ittt it ie et teeeeeenenaeaenreeansnns 8-8
USIng the List OPtion . .. oottt ittt it ittt et ettt e te e eeeneneeaanannenanns 8-8
Using the HATCH File Size Option . . ... c.ittuitntinttie it ie e eieeeanennennenn 8-8
Using the Calculate Option. . . ... cuu ittt ittt ittt eia e i eanennns 89
Using INQUIRE . . .. . ittt ittt ittt sttt t et sttt enenannnns 8-10
Using the ObjJects OPtion . ... uvvu ittt it ittt te e eieneenasnenenaaaenennennns 8-11
Using ithe DIaWINE ODPUOIL « i 560 iv 005 5 5 0605 050 o 00 005065 5 60061055665 65 515 50813 6% 1m0 878 9 8-12
Using the Measure QPO < s v s oo siwsis e inssnsosiesssmssnsosssssssssssssss 8-12
Using ‘the Display LiSt OPHON .« sis 5065 55 sus w016 05 6 05 08 505 606 655 35 615 5 8 s 5155608 5 6 0678 9103 8-13

USINg the Version OPHON « ..« s 56555656565 5.5 00565 4 006 555 508 556 016 5,5 70058 905 96 5 6ok 31608 6ol a4 0 8-13



Using SWITCHES to Turn Hatch Lines Onand Off . .. ..........ocoiiiiiiiiiiiiannn 8-14

Using the Reverse SKetCh ... ..oviuiiiiiiit ittt et iieeenans 8-14
Using PROPERTIES to Change Density . . ... ovvivninneiiniiniiniieineiennnnens 8-14
Using PROPERTIES to Establish Pen Number .. ............ooiiiiiiiiniiiiiann, 8-14
Using Function Key to Update Densityand Pen ..............cooiiiiiiiiiiiinnen, 8-14
Tutorial 8: Post Test and Problems . .. ... ..ottt 8-16
TUTORIAL 9: OBJECT AND GROUP PROPERTIES ..................oooint
Changing Object Properties . ........ovetunurieuteieniosensnesaraesosasnasasassnses 9-2
Using Properties in MODIFY to Change Linestyle .............cciiiiiiiiiiiinnnennes 9-3
Using Properties in MODIFY to Change Density ........c.covuuiiiniinnnunenneennennns 9-4
Using Properties in MODIFY to Change Linewidth ............. ..o, 94
Using Properties in MODIFY to Change Level ......... ... iiiiiiiiiiiiiniiennne. 94
Using Properties in MODIFY to Change Plotter Pen. . ........... ..o, 9-5
Using Properties in MODIFY to Change Color . . .....oiiiiiiiiiiiii i iieennans 9-5
Using Properties in MODIFY to Change GroupName . .........coviiiiiiininnenneennnn 9-6
Using Properties in MODIFY to Change Rotation ..............oiiiiiiiininnininennn, 9-6
Using Properties in MODIFY toChange Text .. .......coiviiiiiiniiiiiiinnnennnnnn, 9-6
Using Properties in MODIFY to Change Z Coordinate . .. ........coviininnieennennnnnnnn 9-6
Using the Miscellaneous Option in Modify Properties . ...........oouiiniiiiiiininnanns 9-7
Using Properties to Override ChangestoaSymbol .......... ... i, 9-7
Changing Properties Globally . .........couiuiniiii ittt ittt it nnaanann 9-7
Using the Klear Option. . .. ...ttt it ittt ittt ittt eneanananans 9-8
Using the Update Option . .. ....ouititinin it e inintetrneneeeneneneannaenenanenanns 9-8
Changing Group PrOPErties : . « vs s s sissoses s 56w 600 m s eia@isssasesessenssnesssssessss 9-8
Using Group Properties to Change Linestyle ............ccoiiiiiiiiiiiiiiiininennnn, 9-9
Using Group Properties to Change Density .........c.c.oiitiiiiniiiineneinenenennennns 9-9
Using Group Properties to Change Linewidth ......... ... ..o, 9-10
Using Group Properties to Change Level ..........coiiiuiiiiiiiiiiiiiiiiiinenennn, 9-10
Using Group Properties to Change Plotter Pen. . ......... .. ..o, 9-10
Using Group Properties to Change Color . . .....ooiuiiiiiii ittt iiii i 9-10
Using Group Properties to Change Group Name .. ........ccitiiininininnrenennn. 9-11
Using Group Properties to Change Text Characteristics .. .. ..ovvvvivee i nnennns 9-12
Using Group Properties to Change Z Coordinate . . .......ovuiiirieiiinnenneennennnens 9-12
Using the Miscellaneous Option in Group Properties . ...........covuiiiiniinennnnennns 9-12
Using Group Properties to Override Changestoa Symbol. . ..............cooviiiinn..n. 9-12
Changing Group Proeprties Globally ...........couiiiniiuiiiiiiiiiiiinineennenns 9-12
Using the Klear Option in Group Properties . ............couoiiuiieniennenneenrennnn. 9-13
Using the Update Option in Group Proerties . .........cccuiiiinitnininnenrnnenennnnnn 9-13
Tutorial 9: Post Test and Problems. ... .....ovuiitniin ittt inniiieeaeennenns 9-14
TUTORIAL 10: CREATING SYMBOL LIBRARIES..................coiiann.
Using the LIBRARY MeNU s awiwiimes s s o ses i e onses i ssssnssssisnsesnses 10-2
Creating Symbol Libraries: An OVEIVIEW . . .o vt ve it ieiieie e s enannenensenennnann 10-3
Deleting @ Library . ... ..ottt ittt ittt it ae et 10-5
Using Active to Change the Current Library ......... ...ttt iiiiininnennnn. 10-5
Using Overlay/Area/Replace in the INPUT Menu to Change the Current Library .......... 10-5
Adding a New Library Area to an OVerlay ...........cuiiiiiinninnieneennennennnens 10-6
Using the Overlay Option in the LIBRARY Menu . ..........ccoiiiiiiiiniiininnnnenn. 10-7
Using the Overlay Option in the INPUT Menu .. ....ovviitiinneiiieeninneennneennns 10-8
Using the Crunch Option . .. ...coitittittit it ittt iee e e enneenaenaennnns 10-10
LASHOE SAVE LUADTATIES o5 o < iwim a2 505 516 0 s 676915 8 51895 65w 918 1 08 815 o 405 91 6 015 15 816 913 8 L8 405 & i 10-10
Using the Extended List Option .. ......uuuuiiitiittiiiiiiieeeeetninnneeeennns 10-10

Using the Options in the Symbol Sub-Menu . ..........cuiiiiiiiiiiinneniinnnnnnnnn 10-11
Adding a Symbol to Your Library :



Deleting a Symbol From Your Library. . ...ttt 10-12

Changing the Symbol’s Handle Point . .. ...... ..ottt iiiiiiiiiinennanannn 10-12
Using the Outling Option . .. ....ottiin it ittt iinnenrneneanenannsns 10-13
Listing the Symbols in Your Library . . . ... ..ottt ittt it ii i 10-13
Adding a Symbol From Your Library ..........c.couiiiiniiiiiiiiiiiniinenennn. 10-14
Using SWITCHES to Turn Symbols Onand Off .......... ... ... oo iiiiiiiiiiint, 10-15
Using the Symbol Outline SWitCh. . ... .ottt i ittt e it 10-15
Setting Symbol Scale .. ...ttt i e e e e 10-16
Creating and EXSCHNE MACTOS = . o v 565515 66 05 6000 00 6 605 808 6 505008 5 mis sia 8616 08 5,870 278 & 08 6 10-16
Tutorial 10: Post Test and Problems . ... ..ottt ittt ii e ii e eiieiennaennennns 10-17
TUTORIAL 11;: 3D CONCEPTS .- c:vvinivnivisssassisssisoiasmasssnsnssseasssn
Basic 3D Concepts and System Features .............cuieiiinniinieiiennnnnennenn 11-2
Using Add to Build Primitive Objects. . .. ..outti ittt it ee i ieeneeeenennnn 11-6
Using Add to Create @ BOX . ..o vttt ittt it ittt sttt et et e et e e 11-7
Using Cylinder, Cone, and Sphere to Construct Primitives. . .. ........c.uveieunenenenn... 11-7
Using the Filer Menu to Save a Scene
Preparing a 2D Drawing for the 3D Workfile .. ..........ciiiiiiiiiiiniinnnenns 11-11
Transfering From Create to SCENE .. .....ouiirit e e iiee it eiieienennennnans 11-13
Using 3D Filer to Store and Retrieve 3D SCENES .. ... .vvvivtein e iieinneneenannn 11-14
Using Create Sweep to Extrude Surfaces ............coiiiiiiniiieinennennennnnn 11-14
Using 3D Modify ..ottt i i e e e e 11-14
Using Export to Transfer to 2D VERSACAD . ......ciiiiiiiiiin ittt iie e 11-15
Further Study in 3D VERSACAD . ... ..ottt i et it et e i 11-15

PO IS . . .ot e 11-16



PREFACE

The first five years of the decade of the 1980’s was to a great extent marked by the dramatic expansion of
the use of microcomputers in the business and industrial environment. Hardly a business, large or small, is
without its microcomputer or without a microprocessor that controls or drives some device or mechanism
in that business. And, in design and manufacturing, the appearance of low-cost microcomputer-based CAD
systems has caused a revolution in the way drafters and engineerers approach their craft. CAD and CAD
systems, the use of computers in the design and drafting process, are almost as prominent in engineering and
manufacturing as word processing and word processors are for the secretary in business.

The dramatic growth of CAD combined with the revolution in microprocessors and microcomputers
has made it possible for schools to play an important role in preparing designers, drafters and engineers for
the effective use of CAD as a productivity tool. And, in the past four years, the CAD-TUTOR series of
sequential training manuals has helped over five hundred schools around the country to implement CAD
training and effectively incorporate it into industrial arts, drafting, design or engineering curricula.

CAD-TUTOR: A SEQUENTIAL TEACHING MANUAL FOR VERSACAD DESIGN continues
that important tradition. Through a careful evaluation of the many new and powerful features of
VERSACAD DESIGN the authors have been able to produce an effective teaching tool that structures the
presentation of those features in a logical sequence, provides supportive and reinforcing post tests at the end
of each tutorial, integrates a variety of problems from different drafting disciplines that illustrate the
effective use of the features introduced in each tutorial, and incorporates within the text a number of aids to
facilitate learning and understanding the actual 2D/3D CAD drafting system.

The VERSACAD DESIGN CAD drafting program enables you, the CAD operator or designer, to
create a symbolic drawing using the microcomputer keyboard, a digitizer for input and a graphics screen for
displaying a sketch of your drawing. A copy of your work file can then be permanently stored on a diskette;
and a hard copy of the drawing can be produced using a graphics printer or a high quality, high resolution
plotter.

Tutorial 1 focuses on providing information about the use of your microcomputer for CAD drafting and
design and introduces you to the primary vocabulary, drawing concepts and principles of operation of the
VERSACAD DESIGN 2D CAD drafting program.

All CAD drawings are built upon basic elements or objects that you select and place on the display
screen. Tutorial 2 focuses on introducing you to those basic elements from the VERSACAD DESIGN
ADD Menu options. The ADD elements and objects introduced in Tutorial 2 include: Line, Detached
Line, Polygon, Rectangle, Point, Circle, Text (line), Guide, Sketch, Escape, Quit, and Exit.

In addition, a selection of other options designed to assist you in establishing the key characteristics of
your drawing and in locating objects to be modified, including several of the Function Keys, are also
introduced in this tutorial.

Tutorial 3 focuses on the options in the MODIFY Menu that enable you to manipulate elements and
objects and to modify aspects of a drawing that are incorrect or do not appear quite right on your display
screen. When you select options from the MODIFY Menu the object to be modified is “pointed to” by the
2D CAD drafting program. When you turn the tracking mode on that object blinks repeatedly on your
display screen. The MODIFY options introduced in Tutorial 3 include Copy, Move, Scale, Rotate, Text
and Handle.

Each tutorial is designed to expand upon activities and functions previously discussed; and to introduce
additional options that enable you to perform new functions or operations and to continue to increase your
drawing productivity. Therefore, Tutorial 3 also introduces you to a number of additional options in the
ADD, FILER and OUTPUT Menus.



Before creating any drawing it is first necessary to establish its working parameters or limits. Tutorial 4
focuses on the system features that enable you to define or customize each of the parameters or limits of
your drawing. Using the options in the UNITS and PROPERTIES Menus and the Update Function Key
enable you to establish or make immediate changes in the parameters or working limits of your 2D CAD
drawing.

Tutorial 4 also introduces the options in the CONSTRUCT Menu that enable you to perform precision
geometric constructions including tangents, parallels, perpendiculars, extending and trimming, and fillets
and rounds which are necessary for an accurate drawing.

In Tutorial 5, the options in the WINDOW Menu that are presented enable you to work on a selected
portion of the display screen or drawing with either greater or lesser detail. In addition, the VERSACAD
DESIGN 2D CAD drafting program also provides a variety of ways for objects to be dimensioned. These
various options for dimensioning using the ADD Menu and for entering dimension text, as well as
additional options from the MODIFY, PROPERTIES and FILER Menus, are also presented in this
tutorial.

Specialized input and output functions are introduced in Tutorial 6. The VERSACAD DESIGN 2D
CAD drafting program provides two different ways for transmitting information to your computer: the
“free” mode and the “coordinate input” mode. The options in the Free mode make for a very visual form of
input because you can always see, and immediately change, the relationship between the various objects
and elements of your drawing. The three options in the coordinate input mode allow you to use the
keyboard to type in actual X-Y coordinates. The method for providing Absolute, Relative and Polar
coordinate input are introduced in this tutorial.

The (plotter) Specs option in the OUTPUT Menu enables you to create one or more unique or
customized sets of plotter specifications for your drawing. You can use the plotter Specs option to
determine what part of a workfile or saved drawing is plotted, where on the plotter surface, and to what
scale. The plotter Specs option, the Drive option in the FILER Menu and the options that relate to the
manipulation of drawing levels in the PROPERTIES and SWITCHES Menu are also presented in this
sixth tutorial.

Tutorial 7 focuses on the concept of groups. A “group” in the VERSACAD DESIGN 2D CAD drafting
program is an arbitrary collection of objects or entities built or assembled by you the user of the program.
The options in the GROUP Menu provide you with convenient ways of manipulating basic components of
complex drawings and of storing these complex figures. By using the various options in the GROUP Menu
you can easily identify or “build” elements of your drawing into a meaningful group and then modify these
elements as one entity.

Two Menus containing several of the more sophisticated operations in the VERSACAD DESIGN 2D
CAD drafting program, the HATCH and INQUIRE Menus, are introduced in Tutorial 8. Often it becomes
necessary to produce section lines for the cut or broken surfaces of an object, to cross-hatch sectional views
of walls, or to fill in a space and make it appear shaded or even solid. The options in the VERSACAD
DESIGN HATCH Menu enable you to achieve these effects with relative ease and efficiency by
automatically creating equally spaced parallel lines on any angle within an area bordered by objects or text.

The various options in the INQUIRE Menu enable you to request such information about those objects
and to have that information determined or calculated by the program and then presented on your display
screen.

Each element that you draw or primitive object that you create has certain attributes or primary
characteristics that are referred to in the VERSACAD drafting program as “properties.” Tutorial 9 presents
the options in MODIFY (object) Properties that enable you to selectively change any one or several of the
properties of an object or element in your drawing. Like objects, Groups also have specific definable
attributes or characteristics that are called properties in the VERSACAD DESIGN CAD drafting
program. By using the options in the GROUP Properties sub-menu, also in Tutorial 9, you can selectively



change any one or more of the several properties of any group you have built or constructed for your
drawing.

CAD contributes to increased productivity in a variety of ways. It is especially helpful in this regard when
objects or groups of objects are used repeatedly in a drawing or in a family of similar drawings. Most
professionals using CAD purchase or establish on their own sets or “libraries” of symbols that represent
industry st#ndards. The options in the VERSACAD DESIGN LIBRARY Menu discussed in Tutorial 10
permit you to create, delete, plot out as an overlay, and in other ways to manipulate symbol libraries. In
addition, methods for adding symbols to your drawing workfile, and for manipulating those symbols using
options in the SWITCHES Menu are also introduced.

Tutorial 11 is designed to provide an overview of general 3D concepts and more particularly an
introduction to some of the basic concepts, features and functions of VERSACAD 3D. It is assumed that
the reader has already mastered the basic concepts, features and functions of VERSACAD 2D (discussed in
Tutorials 1 through 10) prior to this tutorial. Given the complexity of the 3D component of VERSACAD
Design, projected revisions and updates, and the overall intent and scope of CAD-TUTOR, only the
primary concepts, features and functions are highlighted in this tutorial.

The authors would like to make a note of special thanks to the following people who assisted in the
design, development and preparation of CAD-TUTOR. As always, the students at Rio Hondo College
were instrumental in pilot-testing the new tutorials and the problems in them; and they often pointed out
ways in which particular features of the system could be described or expressed more clearly and the
problems solved with greater efficiency. Jonathan Perry, one of those students, designed the automobile
that is displayed on the cover.

We would also like to thank those at VERSACAD CORP. — especially Tom Lazear and Glen Johnson
— who have continued to lend their support and technical expertise to this CAD-TUTOR in the full
realization that the sequential teaching tutorials are a real aid to the acquisition of proficiency on the
VERSACAD DESIGN system. Selected portions of the VERSACAD DESIGN User’s Manual, the
prompts from the program, an occasional illustration, and the actual screen photos are all used by
permission of VERSACAD CORP.

And, finally but foremost, we would like to acknowledge the continued support, encouragement and
direct contribution of our wives — Gayle, Faye, Cheryl and Marie — who were patient with us during the
long and often trying hours of preparation and development of the VERSACAD DESIGN addition to the
CAD-TUTOR series.

The Authors



NOTICE OF LIMITS OF LIABILITY

CAD-TUTOR: A Sequential Teaching Manual for the VERSACAD DESIGN 2D/3D Drafting
System has been designed and executed to provide tutorial information on VERSACAD Corporation’s
VERSACAD DESIGN microcomputer-based CAD program. CAD-TUTOR was developed with the
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INTRODUCTION

THE MICROCOMPUTER REVOLUTION

The microcomputer revolution of the last decade has dramatically impacted every aspect of our daily
life. All around us microprocessors — the brains of any microcomputer — perform complicated functions
and tasks that make our lives more comfortable, easier and safer. They calculate the price of groceries at the
market, they warn us when our automobile brakes are wearing dangerously down, they help us to
maximize efficient energy consumption at home and at work, and they assist us in preparing complex meals
in a fraction of the time they would take using more conventional methods.

The recent impact of microcomputers on education and training — one predicted for more than a decade
and now finally appearing to become a reality — has been equally dramatic. As microcomputer hardware
has continued to advance technologically and to decline in price, the number of microcomputers
introduced into classrooms at all grade levels and most corporate training environments has quadrupled in
each of the last five years. And, with the development of an abundance of high quality and diversified
software the application and use of these microcomputers has expanded to all areas of the curriculum.
Hardly an elementary school is now without its Apple, Commodore, Tandy or IBM PC.

Computer stores, with their special short classes in everything from operating systems to advanced
business applications, have mushroomed up in almost every neighborhood and no respectable shopping
center is without one. High schools are hard pressed to stay ahead of junior high schools or middle schools,
and college instructors are often forced to admit — at least to themselves if not directly to their students —
that entering freshmen know more about application programs for microcomputers and programming
than they themselves do. At the post-secondary level, colleges and technical training institutes have evolved
relationships of necessity with business and industry in their service areas and are continually attempting to
meet the ever-increasing demands for trained technical personnel.

The business world has not escaped the revolution caused by microcomputers. Certainly, the direct
impact has been felt everywhere and is seen most directly in the office with the widespread expansion of
desktop word processing and engineering stations. In the manufacturing environment there has been an
ever-increasing shift away from manual devices to manufacturing tools that operate with microprocessors
as their brains. These developments have spawned whole new industries that have contributed to changing
ways that we do things in our schools, our offices and our factories.

MICROCOMPUTERS IN DESIGN AND MANUFACTURING

Within the industrial and manufacturing environment one area that has experienced rapid growth and
fundamental change is that of the use of microcomputers in the design and manufacturing process. Recent
auto advertisements in national magazines and on television have underscored this change and have
highlighted the growing importance of Computer-Aided Drafting/Design (CADD or CAD), Computer-
Assisted Manufacturing (CAM) and Computer-Aided Engineering (CAE) to American business and
industry as they move toward the realization of the fully automated factory of the future, Computer
Integrated Manufacturing (CIM). Microcomputers in the industrial and manufacturing environment
contribute directly to increased productivity, and in the arena of international competition for markets and
sales productivity — the timely and efficient design, development and manufacturing of better products
than one’s competitors — may well prove the difference between success or failure, profits or losses, growth
or decline, jobs or plant shutdowns. In an increasingly wide array of industries, CAD or CAD/CAM
systems are being used by designers, drafters and engineers to create, display, analyze, modify and refine,
and store in memory the product designs, manufacturing processes, analytical tables and documentation of
everything from a small machine tool part or a space shuttle destined for space exploration.

CAD/CAM provides industry with the ability to integrate a variety of manufacturing processes and



thus both increases the efficiency of each individual task and the overall efficiency of the entire manufactur-
ing process from conception and design to manufacturing and distribution. Through the use of CAD/
CAM a common “data base” (descriptive information about a part, product or concept) can be created to
be used by the engineer or designer, the drafter or machinist. This data base essentially contains all the
relevant information about the design of a particular product and all the information required to actually
place that design into production. Even advanced automation processes such as robotics can call on this
data base for information related to the assembly and manufacture of the product.

CAD/CAM APPLICATIONS

The current applications of CAD/CAM are already as diverse as the mind can conceive. At the least
sophisticated level of operation CAD can be used to produce schematics, overheads, or simple diagrams.
At the next level, CAD has applications in the areas of general and technical illustration or can be used to
prepare ads or artwork. Managers can use CAD systems to generate flow or organizational charts. More
advanced applications include mapping, 3D, isometric and perspective drawing, and mechanical and
architectural drawing.

CAD systems can be thought of as either two dimensional or three dimensional, and functionally
perform either special purpose or general purpose tasks. Although, over time, the various acronyms
associated with CAD tend to be used interchangeably, CADD generally refers to three dimensional (3D)
systems that enable you to build and then modify an actual model of the design on your display screen, and
thereby tends to automate both design and drafting. CAD generally refers to the concept of computer-
aided drafting and to two dimensional systems (2D) that support drafting more directly.

You can think of a two dimensional system as a computer system that replaces the traditional tools of a
drafter — a drafting table, T-square, pencil and eraser. Increasingly, drafters are becoming as dependent
upon two dimensional CAD systems as secretaries are dependent upon their wordprocessors. In two
dimensional systems the designer constructs the design and then the designer — or a second person, the
CAD operator — transfers that design into the computer and onto the display sgreen.

Three dimensional systems are more complex and are especially more advanced in facilitating the design
process. In a 3D system, the designer actually uses the features and functions of the system to aid in the
design of the model. Each time the model is updated the computer calculates the various changes in the
different views of the model maintaining and updating a complex data base to support the three
dimensional aspect of the model. As such, the computer facilitates the design process and tends to automate
the drafting process.

In addition to being distinguished by their two dimensional or three dimensional characteristic, CAD
systems can also be viewed as being general or special purpose systems. Systems in the special purpose
category were designed to perform a narrow range of tasks extremely well. These systems may be
functionally well suited to specialize in the design of printed circuit boards, contour mapping or piping.
Special purpose systems are often referred to as vertical systems — narrow in application but doing what
they were designed to do extremely well.

General purpose systems were designed to serve a variety of users doing a variety of tasks. These systems
tend to have many more features but are noted for their breadth of application rather than their
specialization. As a result, general purpose systems are often referred to as horizontal systems.

Two dimensional and three dimensional systems can be either special or general purpose. In terms of
cost two dimensional general purpose systems tend to be the least expensive and three dimensional special
purpose systems the most expensive. No one system is the best for all applications and you may find that a
company uses a combination of such systems to perform its diverse design and manufacturing tasks.

Traditional CAD/CAM mainframe or minicomputer-based systems users can be divided into a variety
of categories including: aerospace; automotive; commercial electronic;, commercial manufacturing and
production; architectural, engineering and construction (AEC); and the military.



In aerospace, applications focus primarily on 2D and 3D design capabilities of CAD systems and, more
recently, on the direct manufacturing capabilities of CAM. These applications include the design and
development of specialized and proprietary configurations for wings, fusilages and engines; enhanced
detail drawings; and component and system tolerancing.

In the automotive industry, the fierce competition from Japanese and European auto manufacturers has
forced American automobile manufacturers to adapt CAD/CAM to their design and manufacturing
processes as a means of maximizing productivity and reducing design costs. In the automotive industry
applications include the graphic use of 2D, 3D design and modeling, and the graphic display of wind, stress
and vibration patterns.

The commercial electronics industry has made use of CAD/CAM to reduce the tedium and complexity
of customized circuit board design. Applications in this area would include improved documentation of
schematics, the automatic tracing of circuits, and reduced time for PCB design simulation. In the
commercial manufacturing and production industry successful applications of CAD and CAD/CAM
have included specialized design for packaging and marketing, improved data base management, and
improved interaction between the manufacturing and resource planning sectors.

In the architectural, engineering and construction category CAD successes have been documented in
design and structural analysis. A variety of specialized software packages have been developed for
architects and for engineers that have contributed to increased productivity and the acceptance of CAD as
an AEC tool. Successful applications in this area, and in the military category, very much replicate those
described in the categories above.

At any moment in the country a variety of CAD/CAM applications may be in process. A major
aerospace contractor in southern California has the complete designs and detailed documentation of an
advanced weapons system on CAD. In Vancouver, a small architectural firm is able to present clients with
rapidly redrawn alternate sketches of the floor plan for a four story office building. In upstate New York, a
secretary for a major national insurance company is preparing organizational charts for the company’s
network of insurance underwriters. In Atlanta, architects and planners at a major department store chain
are using their CAD system to design the floor plan of their newest suburban department store. In
Fairbanks, some construction engineers are using their remote graphics terminal to review plans for a
major hospital heating system. At the Philadelphia manufacturing facility of an internationally known
fashion designer, a new CAD system has replaced the large lighting and cutting tables once used to layout
patterns and to cut the material for the Fall line of dresses and women’s suits. And, in Cleveland, a small
group of programmers are reviewing the proposed cutting path for a new tool they have developed.

THE GROWTH OF MICROCOMPUTER-BASED CAD/CAM SYSTEMS

In 1981 the total sales of high cost, very sophisticated, 2D and 3D color CAD and CAD/CAM systems
exceeded one billion dollars for the first time. Industry sales forecasts for the coming years predicted a
doubling of sales by the end of the decade. In 1984 the major vendors of mainframe or minicomputer-
based CAD systems showed revenue growth of 50%. In 1985 that growth declined to an estimated 30%.

During the same period, 1981 through 1985, advances in microcomputer technology, the development
of new high level computer languages, and the development of powerful software applications programs
have enabled a number of manufacturers of relatively low cost CAD systems to enter the industrial and
educational markets. Though relatively low cost (usually selling for under $20,000 per station complete),
these 2D and 3D (or “2 1/2D”) microcomputer-based systems that do not have the power or sophistica-
tion of their more powerful mainframe or minicomputer-based “brothers and sisters” but still have an
ever-expanding variety of extremely important applications.

A microcomputer-based CAD system receives information as input from a keyboard or digitizer pad
(sometimes referred to as a graphics tablet). It processes that information and displays the result as output
on your screen or a printer or plotter. For the 2D CAD drafting system the microcomputer uses data (the



input) provided by you, the CAD designer, to produce (by processing data) a drawing (the output).
A typical microcomputer-based CAD system consists of the following five basic hardware components:

1. The central processing unit (CPU) and keyboard.

2.  The floppy disk drives (mass storage unit) and/ or one or more fixed disks (high
density mass storage).

3.  The display monitor (the CRT or screen).

4.  The digitizer input device (or mouse).

5. The graphics printer or plotter (output device).

The graphics monitor is used to display either or both text and graphics. The keyboard and digitizer pad
(or mouse) are used for entering information into the microcomputer. The CPU processes the information
entered — the input — by you, the CAD operator. After input, the information is stored on a removable
recording media called a floppy disk or diskette. A diskette is a thin piece of plastic encased in a protective
jacket with a surface that can be magnetized to store data. The graphics printer or plotter is used to provide
a “hard copy” of the drawing entered into the microcomputer.

In addition to their standalone functionality, microcomputer-based CAD systems can effectively be used
as pre-processors to larger systems thereby relieving the storage and processing burden on the larger system.
As pre-processors, smaller drawings can be produced without constantly relying on the processing power or
storage capacity of the larger system. Since they cost less, many more stations can be made available to
designers, engineers and drafters at a fraction of the cost of larger stations. And, since many of the less
expensive systems have the ability to communicate upward with larger systems, drawings can be processed
and stored by the larger or host system when they are completed on the smaller standalone microcomputer
station. The increasing speed and functionality of these microcomputer-based CAD systems and their
relatively low cost for complete systems is likely having its impact on larger systems that range in cost from
$50,000 to $150,000 per station. And, in a recent report, Daratech Inc., a highly respected research firm
based in Cambridge, Massachusetts, estimated that 42,000 microcomputer-based CAD systems had been
installed by March 1985 — with more than one third of all CAD, CAD/CAM and CAE stations now
based on microcomputers.

THE IMPACT OF MICROCOMPUTER-BASED CAD
ON TRAINING AND EDUCATION

Earlier in the decade, National Computer Graphics Association (NCGA) report predicted that there
would be a need for over 100,000 additional CAD operators by 1985. By all measures, this prediction,
made before the real explosion of low-cost microcomputer-based CAD systems was apparent, greatly
understates the need for well-trained CAD operators with technical expertise in a variety of industrial,
manufacturing and engineering disciplines.

The same report discussed the almost prohibitive cost of training on larger systems. The report indicated
that when all costs were fully accounted for — including lost time on the system (and other lost
opportunity costs) — it was not unusual for training costs per trainee to exceed $10,000; with 120 hours of
training over a period of six weeks required to acquire an 80% level of proficiency with the system. The
authors of the NCGA report then suggested that a viable alternative to training on these larger and more
sophisticated systems would be to put training into the schools using low cost microcomputer-based CAD
systems. They calculated that in only four years industry could save almost 500 million dollars in training
costs and still benefit from an increased pool of well-trained and proficient entry-level CAD operators.

In addition to being an exceptional industry-quality design and drafting tool, VERSACAD DESIGN
provides an opportunity for schools and industry to promote the development and implementation of CAD
and to assure that there will be an ample supply of well-trained and highly proficient CAD operators in the
decades ahead. The fundamental principles of design, function and operation of any CAD system can be
acquired from the use of VERSACAD DESIGN. And once a relatively high level of proficiency has been



