Acknowledgments ... cssassssenssssssnn somsnnsssnsedsssansssl

Part I: SolidWorks Basics 1

Chapter 1: Introducing SolidWorks . .............................3
Installing SolidWorks for the First THMe ..............cooiiiiiiiiioiiiiiiiicc e 3
Starting SolidWorks for the First TIMe.............cccoioiiiiiiiiiiiiiceee

SolidWorks License Agreement...
Welcome to SOHAWOTKS. ..........oiiiiiiiiiiiiii e
OCK LTS 0verrivton o irimimas S ssas s smmpouswseacsseevosess e e TN 2 i e
SolidWorks dOCUMENtatioN...........c.ciiiiiiiiiiiiecii s
Tutorials
What's New
Moving from AUOCAD .........c.oooiiiiiiiiiiiiii e
SolidWorks Help.... -
TP OF thE DAY . covcsmsmmssssstomunees sons wmemmmssesssisssams o o375 i vmssnams sonsssonsisssns
Hardcopy docUmentation..............ccoouiiiiiiiiiii e
Identifying SOlIdWOTKS DOCUIMIEIIS ..........c.ouiuiiiiiiiiiiiieicic e
SAVING JOUTSEIIP . 0 vcivvosesuesisummnssecsesonsmmsnssmeonesmosusons aseste s issaassasse s S555 4 ks st s sasmassuasss
USING teMPIALES.......c.ouiiiiiiiiiiieici s
Having multiple document templates available................ccccocociniiin, 12
Sharing templates...............
Understanding Feature-Based Modeling
Understanding History-Based Modeling
Sketching with ParametriCs ............cooiiiiiiiiii e
Understanding Design INENT .............ocooiiiiiiiiiiiiiicc e
Editing Design INTENL...........cuciiioiiiiiiiit e
Choosing Sketch Reations .............ccueviiiiiiiiiiiiiiceeee e
Selecting Display/Delete Relations ..
Using Suppressed sketch relations
Working With ASSOCIAIVILY ............cuiiiiiiitiiiiiicic e
Tutorial: Creating a Part TEMPIAte ...........c.occooiiiiiiiiiiieeeeeeeee e
Tutorial: Using Parametrics in SKetChes ..............cocooiiiiiiiiiiiiii e
SUTNIINATY v s w553 s 5538 s s s e'ors 0 3 A A SRS s Ao




Contents

Chapter 2: Navigating the SolidWorks Interface.................... 39
Identifying Elements of the SolidWorks Interface...............ccccocoovoiiiiiiiiiii 40
Using the CommandManagerand t00IBaTS ussmsummsmmwessommmsssmmmmsmmisesies 40
CommandMaNAZET ...........oouiiiiiieit ettt 41

USING LOOIDATS ... 45

TG TS s AT A A A % 50

Mariagin g o0l bats e coutn e s s 50

Workllow ClstomiZation wesssemesm e s 54

CONrOIlING METIUS ... 55
ChangIng CUTSOTS ........coiiiiiiiiiiiiit it 5174
Working with models in the FeatureManager and PropertyManager windows .......... 58
Using the FeatureManager ...............coooiiiiiiiioiiiiceeeeee e 58

Using the PropertyManager ..............occoiviiiiiioiiiiiiiiee e 60

Getting around the Task Pane ..............cccooiiiiiiiiiii e 61
Getting familiar with the Status bar ...............ccooooiiiiiiiiiiiic 63
ASSTOTING TATS v e wovss s v e S 08 S S SR 40 63

1% 21 107400 £ cRoT (801 [c1 .l o T S —————— O —— 63

Using the 2D Command Line EMulator .............cccocooiiiiiiiiiiiie 64
Making the Interface Work for YO ..........ccoooiiiiiiiiiiii 65
@11 1-110) salivab - el6] [o] - JRPEmm R e e n PR 66
Exploring default selection colors.............ccooiiiiiiiiiiiii 66

Selecting Background options Wisely ..............cccocooiiiiiiiiiiiiii 67
Customizing StPAEHIES « nosma a5 67
Considering hotkey approaches................cccocoiiiiiiiiiiiie 68

Organizing hotkeys ..o 68

USIAE IOUSE FESEUTBE . suscssnssmnmmmus sy ses s s s o so s s oo 69

Using the keyboard ..............coooiiiiiiiiiiiiic e 70

1B a VA a T el ) T T rl
Contemplating device ApPIOACHES s sssssmssmrrommssemmsmmerososs 71

Using touch and multi-touch Support...........ccoooioiiiiiiiiiie 71

A CCE ST G TINART O rmssirmorsion s s s S O N G 72

Saving custom interface SELNES ...........cocooiviiiiiiiiiiiiii e 73

Working with multiple document Windows ............cccccoiiiiiiiiiiiiicc 74

M anagmneiWiNdOWSs sosrrmusmaammmsimssovssvinssssmsessssismsses s s 74

T Y 0 L] VTS 5 9 S A A 76

Getting to Know the Interface ...............cococooiiiiiiiiiiii e, Vi
Copying the exiStNG SELHIES .........c.ooviriiiiiiiiiiiii s 77
Setting interface items to their default settings................coocoiiiiiiiiiiii, 78
Custemizing the CommantdManager . muamssmsssmermssssvusmssrssssasmsesmsssemm s 79
CastOTMIZINE TCTIUS . v bisamesgmnmmssmvmsssvassssies smessa a5 s s S At 82
Changing interface COIOTS.............cocooiiiiiiiiiiiiii 83
Adding hotReYS ..ot 85
Combining macros with hotkeys ..., 85
SUITKIIYYATY] s rmiuarnasusis e i s e s o s s s 0 5538 i b S 86



Contents

Chapter 3: Working with Sketches................... ...t

ORENing 2 SKeTCHL i sosin msmmovmmssmmerssme o s a0 50 H A PSS T BT
Tdentitying Sketch ENtities: . oo sssunmom somenmammss s mesis ey s ooy mas s
TheiSkefeh to0lbaAT s umssemssnsmemmsermmmnssommmmumsssms s e RIS
The Dimensions/Relations toolbals.;swwmmaummmsmmmm s s
Inferencing in Skelehi i usmessrimsssmmmnmsemmmmmismsas i ss e s smmss s T
Exploring Sketch Seftings v nsmsssnorsmsimmmssmmnsssisesmsssseios s o Sanaimi
Usitig SKeteh BlOCKS . ususss s csmsueussroms o rsnmns seasss svimsnens sss s 650 s sus onvsssvess 1os
Working with Reference GeometY « sssmmmmsussisoss amsmmessiosssssses sosiassssios oy omsames
Crealing PIANeS . iumuss sussarsvnssssstasssmsesummessiamessessos s sws s s s v o s T TssFFFEaS
WO TKITIE WAHAKES i esasmsisummssessnssters semsmes mums oes s as eSO 68
Using coordinate SYStIMS ... ssussusessssavessossssussmsmnnmisssss s sss s e o sy
Using points as reference geometty q...muumvemssumimssscsnsssis sossseossssssssusssmsasisyirsssss
Tiitotial? Leatiing toUse Sketch RelationS s susmmrosmsmssmnsumesnmussmspssssmssimsmss
Tutorialy Usitig Bloeks:and Belts:: ..o smmmpmmesmmwos o wssmss s i s s s
"Titorial i REIETETIC8 GROMICIY: uvwsasvessussswsussisssqusssss sy sms 38 smes s oo do0 v 59008390 3¥ s URTRREN
S UTTITINATY 0 mwammssossinsasse i isss 05w o A T S S8 S 5 T G eSS S SRR

.87

Chapter 4: Creating Simple Parts, Assemblies, and Drawings ........137

Discovering Design INTENT............ccoooiiiiiiiiiiiii e
Is the part symmetrical? ..............ocooiiioiiiiiiiiii e
What are the primary or functional features?.................ccocoooiiiiiiiii,
In what ways is the part likely to change?.................ccoooiiiii,

Will there be secondary operations? ..............ccccoeeiiiiiiiiiiiiiiiiceeeee e

Will there be other Versions? ............ccooiiiiiiiiiiiiiiiiccie s
Creating a SIMPle Part..............cccooiiiiiiiiiiiiic e
Deciding Where 0 SLATT ..........c.ouiiiiiiiiiiiiiii et
Building in SYIMIMELIY ........coiiiiiiiiii e
MaKing it SOHA ..........ooouiiiiiiiiii
USing INStANE.3D)...cuuammumuismumnsmmeons someme s sansommesmsenn s s suseasssssasissasn snomsans sonssasves
Making the first extrude feature ..............ccoiiiiiiiii
Relative size or direct dimensions..............cc.eoeeiiiiiiiiiiiiiic e

Creating theioffSet .o et mumsmenssmvommnssmsives st omss cansaes

Sketchi teChMIGUES: . ousscsismrmsussmsamsmmnsresemommmsmsss shossistosssss s svsas s asm s sransen

Hole WHZATd ..ot

NG IO wsemsmsmsismsmmmmss o s asmssenssessmsammstsos a5 sa T TS AT oSS sy owsrom

Fillets and chamfers....................oooo

Tutorial: Creating a Simple Assembly............cccooiiiiiiiiiiiiiiiic e
Tutorial: Making a Simple DIawing............cc.ooiiiiiiiiiiii e

138
138
138

139
140



Contents

Chapter 5: Using Visualization Techniques ......................175

Manipulating the VIEW ............coccoiiiiiiiiiiiiiiiiii e 175
USING QITOW KEYS........oiiiiiiiiiiiiiii e 176
Using the middle mouse bUutton ...........cc.cccoiviiiiiiiiiiiii e 176
USING MOUSE ZESLUTES........oveiuiiiiiiiiiie it 177
Using the View tOOIDAT ...........c.oiuiiiiiiiiiiiii e 177
Adding scrollbars and Spltters .............ccccooviiiiiiiiiiiiiiiiic 178
Using the Magnifying Glass ..............ccocooiiiiiiiiiiiiiiiii i 179
Clicking the TTiad @XeS.........c.cciiiiiiiiiiiiiieiiiee e 179

Using the VIew TOOLS ........c.ccuiiiiiiiiiiiiiiiiic e 180
CATIETA VILEWS suusesivosssusss cwswan sawissisn s arionisissi ssiwissimes sesismn e sa ss Ao o005 w8 KoL LmERR SR ASELRESS 183
Z8DTA SLTIPES ... 185
NVIEW DIIETILAIO . cvun svnnssummussnvsmsumsnnsssas innssnanssonson sus snnessnssainas s sss s SonssEss a8 RATRINRSALE SRS 186
The Standard Views toOIDAT ..........ccociiiiiiiiiiiiic e 187
ANNOLALION VIBWS ...ttt 188

Getting the Most from RealView............ccccciiiiiiiiiiiiiiiiiiiicicc e 189
Using RealView basic COMPONENLS ...............couiiiiiioiiiiiiiiiiiiicieice e 190
ApPlying appearances ..............ccociiiiiiiiiiiiii i 191

APPeArance OVEITIAES ............ceiiiiiiiiiiiiiiiiici e 191
Other entity COLOTS ......cuiiuiiiiiiiiiiitiei e 192
The DiSplay Pane..........cccoeiieiiiiiiiiiieiecie e 192
Automatic color features. ... ......oiiiiiiiiiiic e 193
REMOVE @DPPEATATICES ........c.ooiiiiiiiiiiiiiie e 193

UsIng DiSplay SEALES............ooiiiiiiiiiiiiiiiiiiii i 193

USING EAZe SEUHIES ....viviiiiiiiiiieiiititieec e 194

Using Assembly ViSUalization..............ccoeiviiiiiiiiiiiiiiiiiiiccccc e 195

Tutorial: Applying Visualization Techniques.............cccoooioiiiiiiiiiiiiiiici 196

Tutorial: Using Assembly Visualization ...............ccocooeiiiiiiiiiiiiiiiicccccee 201

SUMMIATY: sevunessssisuwess fasmussiunssesiassses e smses s emas i o om0 i eSS A SRR 202

Part II: Building Intelligence into Your Parts 203
Chapter 6: Getting More from Your Sketches ....................205

Editing Sketch Relations .............cooiiiiiiiiiiiiiiiiieccc e 205
Display/Delete RelationsS............cocuiuiiiiiiiiiiiiiiieicee e 206
SKETENXPET: .. omsn. simeswansmsmsussnsamamssm e ssomsnstos it s s ssmaromsins s oo oA S 208

Copying and Moving Sketch ENHEs. ..........cccioiiiiiiiiiiiiiiiicce e 209
MOV BN IES rmsi s ot mmmmetomes g saes s AR s s s s e T AR 209
ROtALe ENLILIES. ... .eiuiiiiiiiiiii it 209
(6570071116111 SRS L O 210
SCALEIBIIILIES. . .oucsuisesuamesmasssnesmsmmarorsmssersavenronesesvsmsvonasmmssssessass sesmsses prrbrssstotorsshssams s 210
MOify SKELCH ..o 210

Xiv



Contents

(@0 o) 713 (a1 o7 1L ( LRSI s 5= = SR 212
SITPIE QPG oo aimammrm s dase B s T oS o S S 212
DEVEd. SKELER o orronesspomimmmansmionsmmusmoninmsmsses s S s TR T s s womssa aeas 212
Usitig SKetth PICHUTES: . capmesrmmestontio osdihmn fusmmomenma vt omiyo i e tous s s 213
THYEE VAETS v.ccves immsumsnsnms simsamosss ossomshivumssmenssssumsoss s S5ass ST ST s smiisamm sy swsasioss 214
Compensate fOr PEISPECUIVE ............oovruiiiiiiitiieeie ettt 215
Estimate sharp edges.............ocooiiiiiiiiiiiiiii e 215

AT TTACE oncomsmsasmessiamimamasss soiss basibo v silbus ST AT e s sp g e 216
USITg SKECH TIERE ... cuuuu csussssmmasumsnesesspssmsisssmmsnssssssssonsss sss s Soaasasss 50555 T5n s aasnmsonsss swosssunmins 217
Using Colors and Line Styles with Sketches ..o 218
Color Display mMOde ..........cocooiiiiiiiiiiiiiiiii 218

TETIE COLOT: - wszmmesmssmmsms smmmasess i st s s G50 S o st g sy 218

Edit sketch oF cUrve Color ........cooiiiiiiiiiii e 219

Line thickness and line style...............coccioiiiiiiiiiii i 219
Using Other SKetch TOOlS .........coouiiiiiiiiiiiiiiec s 220
RADIASKELCH ...cxwssmumssmsmmmmusmners ot siosesansnsusmsssnssts e G585 Susus s s oxsss 220

S ETTSOTES s o TS oo s oS P g Rl et i G 220
Metadata fOT SKEECRES iuwwuse susseussnenessiprssamsmonsammsonics i sussiassens st emsbsibnmassansusmasss s smgses 221
(Be7a 15\ e (e 00} 0 MT(10) 1 1y 7 o PR e S 222
Tutorial: Editing and COPYINg........c.cccoiiiiiiiiiiiiiiice e 222
Tutorial: Controlling Pictures, Text, Colors, and Styles.............cccccoviiiiiiiiiiinc 227
Tutorial: Using Metadata..............ocoiiiiiiiiiiiiie e 230
Tutorial: Sketching Calculator...............ccoiiiiiiiii e 231
SUTATIATY o s e TS ey el e s SO R SO s sy 234
Chiapler 7: Selecting FEatUres. . ;s o vs s vonsnsons sanvneons s ons vodd
Identilyitig When t6 1se Which TOOlsusstonsrmmmsssimsessnsmamsssssrssmsemsssosm s s 235
Using the Exfrude feature...cowississmsmammmmsmmmssmmmmmmom s s 236

SOUA LTI .c:misesissastommndbmsimsn iorsomumn soas s sam A o oS TS G 236

T HCATITC: s e smmss vl eimmmn e e e s S S A A S S 8 236

SR BN YDk om0 S R O A AT 238
Understanding IStant. 31« s abss s i in tesesessssoms s s w5 mpi s 241
Creafingrextrudestwith. InStant. BB s smmssesassmmmavssavmmnssismne 241

Editing geometry with TnStAnt BB e amsmssssssinssaossbessimssussnmms 242

Working with the RevolVe TeatOTe s svomtmstosssmsnsime s ey 244

15T [ cle) oo 11 L0) TS 244

CORLOUT SelectiON: semmustsmummerssamammusbusy s 5w s T VT S EESS 244

16313 o7 L3711 01 M o) | Ionm e U N U —— 244
Efitities that:you can use ina lofts nmmimsmnusmnsmmmmsmsssmmmmes 246
The:similarities between lofts:and SPUNeS .:...ccusmieesvenesesiasmosisamissssomessasssnss 246

Themneed for SUHACES: «..summnmmrmanmsnemmasm s 247

Loft end constraints. .. .ssissmamisammesmun e s 248
TIsoparameter V-V Iies sossssssesmmmmssmtceassmmmmms oo s o e oo e 250

LG [0 g — 250



Contents

Geiiterline oS srrrmmmemmm s T 251
SeleCtiONMANAZET ..........cvrueiirieiiitiiiteeriee ettt 251

Lot OPHONS s s s o Do fss e s s 252
Controlling SWeep features.............cccoiiiiiiiiiiiiiii e 253
SIMPLE SWERD: cesusssmssvsmmsigssonssovmmmssmessaioriassimssummsrassspbimyeissbysmssuamsoss 254
Sweep with guide CUIVES iwamsrmmmmmmmssmm s sospmpperarsmeserses 254
P1EYCE Tel A0 e comemsisss mmmsimmor s oo st esse oo s o s A Vs s awaas 255

Cut Sweep with a solid profile...............ccoooiviiiiiiiiiiii, 257
Creating CUrve FEeatuIes. .. oo srsuimmsvsiomssosss s s s i iesmssisssss sy ossbenessy ssavssvsssssin v mvvess 258
Working with helix features ................coccooiiiiiiiiii 259
Tapered heli% .o anvmommassmminm e s 260
Variable pitch helix ..o 261
Spitalsim e s T R Sy e o s S S 261
Creating projected CUIVES...........civuiuiriiiiiiiiriiinieie ettt 261
Sketch /Of BACES .o susssmssiimiv saimmmmumsssssmmsmmassavsssssmssscmssomvssesag 261
Sketch On Sketeh -« covenmemeamann s 262
Making Curve Through XYZ Poilis s crsvnmmmats pmssamrmramasmssppessssssvdismms 264
Building Curve Through Reference POINts..............ccccoioiiiiiiiiiiiiiiiiice 264
Putting together a COMPOSIte CUTVE...........oouiiiiiiiiiiiciiiieiieicicce e 265
Wsitg Split HeS mummsmamrmirom s s s vsas ssawssuss s 265
Equation. DIVen (CUIVe: s seragmrgemimamsrasinsssmseimmssm s mmmmsmesmnienmmsmmsomiamsss 266
Understanding Fillet TYPES ...........coououiiiiiiiiiiiiiiiiieicceecc e 266
Creating a constant radius fillet ...............cocooiiiiiii 267
Selecting entities to fillet.............coooiiiiiiiiiiiii 267
Tangent Propagation ...............cccociiiuiiiiiiiiiiii e 269
Dealing with a large number of fillets ... 270
Multiple Radius Fillet ...........cooooiiiiiiiiiiiii e 273
RO COTTIETS cusstssssansenmssn imesstsn brudsins Trseh s st e s sy o wswssanioss 274

Keep edge/Keep SUTfACE ...........ccoiiiiiiiiiiiiiiiic 274

KD FeATUTES vurusnssss onsn sonse wumsmsbisnevsssssa s iuss oo ssgeuiomnpos sosrmawnss vosssenamn 275
Creating variable radius fillets ................coocoiiiiiii 276
Applyitig thie VAIUES wammsisnss prsmmmmmismmampmamsssssmssossssmsssssmosonss 277
Straight versus smooth transitions ..............ccooeriiiiiiiiiiicee e 279
Other reasons to use the variable radius fillet ... 279
L85t el 1L O o W R — 279
Continuous curvature Face Fillets ...............cococooiiiiiie, 281

Face Fillets with Help Point...............cc.cooiiiie, 282
Single hold line fillet..............cccooiiiiiiiiiiii 284
Double hold line fillet.............ccooiiiiiiiiiiiii e 285
Constant width fillet.............cooooiiiiiiii e, 286
Applying a full round fillet ... 288
Building a setback fillet ...............ocooiiiiiii i 289

XVi



Contents

Selecting a Specialty FEatUre ..............c.ceoiriiiiueiiiniriieiciireeeieiee et 292
Usinig thie D OTe TeATUTE tuusmmsssscaiosssiusinizsunsnsnsomsmonsssmnossesisossinssss s o s man g i 292
Using the WIaD features s v cmmsm st s smss s s isasasmom s o oass Hmeaias 294

S ORI saresamsamsmmess wess e e s S e e R S Y R 295
1] 295
IO osain szt SR e T S iR e G o SO A A 295
BlEXCICatiNe csor i r ol ensadi i e iR iR A s e A 297
Applying the PDefomm featitre. st s msssmrs s sibnnissmsssssiassmssemmas i 300
POINE AETORIN. . covra e ooy e i st s smmsmesiss s mesinss ssngossssmosn s eSS 300
Crye toiCU Ve dRIOMIT . cv: v iraitsmmsins o msinsisssmensimennsiesiois ouss s s st 302
Surface Pushy delOry e i Susiiciisans ivnnssussssiinssn summsmssdh wasnstinsastisssss maimassas 302
It AT s s s o 5 i R B T 303

Tatorial: BracketiCasting st tsrmmms b s ot e i mseis s e s esats 303

Tutoridl:Creatingia Wire-Formed Part. e v armmsmmnssssis sontmsias samsseisssosssssmssovssaaipsoniss 309

A D AT mascvemssmnamtesiss Seumne s em e o oy o i U o B AR B N VAR e AR 312

Chapter 8: Patterning and Mirroring ...........................313

Patterning i 2 SKELE ccisciimi e smmmmmsuosesssmsumamssnssusmngmssonessnsws wssesiosassss g issnss svshs sumpusioisa 313
Debunking more sketch myths..............ccoioiiiiiiii 315
Patterning a sketCh ... 316

Linear SKeteh PatteIm........cvoresussesssessousssnesnesssnsasssessnssssssssntinssssbesnssssassnnsnsans 316
Circular Sketch Pattern...........ocoiiiiiiiiiii e 317

Mirroring in @ SKetch ... 318
MITTOL ERUEIES: cisitusttiussseiinnsomnmennemmenssmusmessssras swssmemssssssioss S8 6o 8 ese b asuwasnmeirns 318
IOFIATIGCE MIFFOE covisgosmmmmusansnmsesesuomsrmmmmnorismvmsssaeesussssse s s o amas s aw gheiss 318
Symmetry sketch Telation ..............ccooiiiiiiiii i 318
Mirroring in 3D SKEtChes. ..o, 318

Exploring the Geometry Pattern OPtON. ...........ooveuiiiiiiiiiiiiiieieiceieee e 319

Patterning BOGIES .........oouiiiiiiiiiii i 320

Pt DIRACES t s vt s i ot oo S RN S s R sl 321

PatteTRiTE FilletS i cmmnions s mussmsonssusmssssuommassssssy vovssssssarsia s e agesissssys s st 323

Understanding Pattern TYPES .........co.oouiiiiiiiiieiieii ittt 323
L YO P AC TN e giotmestisiss somssosommssomnss s sssisnsoss e N s 323
TG AT PATEEET i summmin cmat sueiosmimsim s smasivsstoss 63 s RS TS e 326
CUTVe: DEVEN PALIEITL. c.c.uniuurmesusessmssssmunussusnsssassomons ossostomsssgssssss sssssus ssassssisss ovonas 326
Sketch Driven Pattern............ccoiiiiiiiiiiiiiiiicc e 328
Table DIiven Pattern ...........ccoiuiiiiiiiiiiiiei e 331
Bl PAIETI sccuiaimtianntimmsmmusnsmsmanvanssmaossussmmmmasss ssumsvseosssstss S s s gemssiiusi o anas 352

COSTEIC PALICTNS <o vt iosesemmpsmsusspmnpmagseverissmmmssasssss gy sl S gms s ey fasissmsusssiorss 333

MIFEOHNE 11 3D ccovisnmessimsiommsssmmmmmmossmssimpsmssssssmsmersnssars vy nosvaimiss (ivss s e SR iR sresiosesans 334
MITTOTING DOAIES ... 334
MITTOTING fEATUTES ...ttt 335
MIITOTING NI PATLS ... ..utiiiiiiiiieiieiceit e 335



Contents

Tutorial: Creating a Circular PAttern .............ccooiiiiiiiiiiiiiee e 336
Tutorial: MIirroring FEAtUTES. .. ........ccoiuiiiiiiiiiiieit it 337
Tutorial: Applying a Cosmetic PAtteTN...........cooiiiiiiiiiiiiiiieie e 340
S IV ITAT Yt e smewime o s s s s s w15 0 RS SRR 342
Chapier9: Using EQUaBIONS « s covsssssnssussonnanssnmensnwe v x S0
Undetstanding EoUationS . spsssseussmsssissesssssseivmsn s e s e s 343
CTEATING, CUALTONS) o suasin s sessamsinss 3508589554 P A W S P T YRS A0S 344
INATAITTG A ITCTISTOTIS v s mmasi v ussns s vpmes soms soms 4o e R A N e 344

Building the quation ...... s wnsmsssmamssssm ey mmmssmems 346

UJSing COMPAETINS  vus s summsurmeontinsue i o ooy T S RoRFsv SFr s s S ey 348
Usirigsdriven dimenSions s smomssresamuss s s e 348
L85511 518 Ta i Lo el T ————— 351

TEE oo usmmmnsnmnesmunso s soonssssn s m s e s e 0 S M S F55 € W S S DTS 351

A ) T — 352

USIRE TR VALTES o isomssosnomsssnnonessssnssns b e s s e e e sy A S e e A 353
Lo T Fo) oF ] B VT | o L VT — 354
LT 2 q o] L= o) L e —— 355
TtitoEials USIIE B {U AT OTIS wswsssssms nssmess s b uiums s s a0y ey e s VR A AR A 356
STEITEYATY v s s v 3 0 0 TR R B SR SR 357
Chapter 10: Working with Part Configurations........ S 359
Controlling Items with Configurations..................ccoeiiiiiiiiiiiiiiiii e 360
Finding configurations ...............cccoiiiiiiiiiiii e, 360
Deleting CONfIgS........cooviiiiiiiiii e 360

SOTUNE CONTIZS. ...t 361

Activating configurations...............c.ccoooiiiiiiiiiii 363
Creating CONfIGUIALIONS ..........c.iiiiiiiiiiiieieii e 364
ANEW CONFIZ ..o 364
Configuration properties and Options................cccoviiiiiiiiiiiece 365

AdVANCed OPLOTIS. ...ttt 366

The Modify dialog bOX .........ccoiiiiiiiiiiiiii e 367

Negative dimensions ............cccccooiiiiiiiiiiiiiiiiiieec e 367

Using the Modify Configurations dialog boxX .............cccccoviiiiiiiiiiiiiiiiiicns 368
Using Table VIEWS ..........cciiiiiiiiiiiiii e 369

Adding custom properties with the Modify Configurations dialog box .......... 370

Using Custom Property Managers ...............ccoooiiiiiiiiiiiiicc e 371
Derived CONfIGUIAtioNS ............coiiiiiiiiiiiiiic e 372

File size CONSIACTAIONS..........eouiiiiiiiiiieti e 372
Controlling dimensions..............ccooiiiiiiiiiiiii e 373
COTITE R S P PIRSSION s st iomnns oarssisnibsibonmenonssiin Rimihiis s s s umsrs oo ST RS 374
Control i COStOM PrOPETEs:: .. caummimssissimainsinsmieios oo it ns s RS 375
Controlling sketeh TElAtONS «.v e st srmisssistssammsnmmmoiossmiiisisisonss snspniar Wi 376
Eontrelling sketell PlameS s o i s ST 376




Contents

Controlling configurations of inserted Parts ..............cccccooveeriiiniiiniiiiice e 378
LibIargeatifes «omommmimmmnie coamismasswommmasins svenssbissesis s sge s bne S e i 378
Unconfigurable items .............c.ooooiiiiiiiiiiii i 379
Usitig{Design Tables. s dahomminame st oo s s o s oot G v aeaess 380
What Can Be Driven by a Design Table? ..............ccocoioiiiiiiiiiiiiiecccccs 380
Creating a simple design table..................cccccooiiiiiiiiiiiiii 382
Design table SEHNGS: ....cvisiusiuetisisssmmsssrmmesnsuomuevessomsus sosmmassssssivasssssssinstons semancntons 387
Linked design table ..............cccoiiiiiiiiiiii 387

B COTITO st s et e s g i 65 o5 AR o ST Al 387

O PUONS oot sttt mumnivn e smmmi s o o S ST S G A 388

Editing the design table.................c.coiiiiiiiiiiii 388
Using the Configuration Publisher ... 389
Tutorial: Working with Configurations and Design Tables..............ccccooociiiiiiniinnn 391
STV e i s e e S A e s oo oo o S e Slelaaln 396
Chapter 11: Editingand Evaluation. . ...........................397
USING RONDACK: szt messisvoswnsiamssismesesssusmossessmounspss ek amsbms s oms sy ertosss 1vis oo AL oRaTos i e sa e s 397
Using the Rollback: Dar .. sesssvsisvsnsummmssonsmassimaminsess s ims sssvsvmssnsoesmots 398
CONSUME ACATUTES ;.0 smsuns sss mmiwin s wevsgnssamsy i osies S saes HoRE Hsws v NIm G HHS 399

Examining the parent-child relationShipi..ssu s ssmispssnsnnes 399

Rolling back features with multiple Parents . ousemusmisss sovsmssmimmumsisssminn 400

Viewing consumed features in their original order.........................oo 401

Usifigiother Rollback: teChigRes . comssmsrsmsmmmermemmumims i i msmmes 403
REOTETING FEaAtUTES cxiiusmunisonsiioss s s sswonsumnss shosis i Em s S s Vs b shusmponsd 403
Reordeting FolderS. i smmumsonmvesunmmersamamesmms it s ssesiomossom i 405
Using the Flyout and Detachable FeatureMatiapersi. . uus suemssinsssssmssuisasusmssssmmossesd 406
Sutnimarizing Pait: Modeling Best PRACHCE k. sosonssnssimmom oo tussessiuiussssssbisfusani 407
Using Evaluation TeChDiqUeSs. . ... cvsususssompinmmsssssmssssssinivnss ssvssmssoss s siossiesisassisiisss 411
Using Verification onrebuild ... vemsmmpmsios o apmssmmed 412
CHECK. iutsmsismisnesiiammussmenssons Somssinssesudisms outs s NS o S e AR e SR i o Bws 09 s it 413
Evaluating'reflective techRiUES s wssmsivsassmiimsommnsstas st sty 413

2RI SUTADCS: stowssos s hssmesssbise voms s S0 A 7Y S S A 414

ReAIVIEW: s iinsonmmmum s i s iims i s s h T s e bosmsar sy 414

CUTVAtuTe diSPIaY: suusmssomsmsimmsnens s e ar Tshes s doa e onssss 415
DeviatoHanalysiSis aa it e R T s budeahiansd 416

Tangent Edges-asiPhantom.. ... ssuvsasismmssssssmasmss e i rmmssssssssss st 417

GEOMEMY ATAIYSIS .t snaas it e S e B sy 417

Featuie StAtiSES s: oo isioresmenmmnssssrmusormms oo s s S avmse fososms s hen tonssnsses 418

CUTVALOTE COMDL:cssisssmomumsssuumsssemssmssmsmssss o ms wsismsmms asseess sy 419

Analyzing with SImulationXpress ......uswssssesssmsmmssmim st pesinssmmimin 420
Welcome to SolidWorks SImulationXpPress......coccusemsesmesesisesesssness sosesionss 421

APPIYING FiXEUTES, .. sussuenssssamonmnsswssssomssssvis oy sassseies s wiss sstssssvmgomssd 421

APPIYING LOAAS ... e 422

Seleatingia Materialic i cessmsmmmmsiinssismmren b et vb G isseins 423



Contents

Running the analysis ..............cccooiiiiiiiiiii i 424

Visualizing the TeSults............coooiiiiiiiiii s 424

Optimizing the design ............ccoiiiiiiiiiiii e 426

Tutorial: Making Use of Editing and Evaluation Techniques..............ccccccoooiviiiiiiinnn, 427
ST ITIN AT st 8 9 T T i o a5 i i 5 S AR S 434
Part 1lI: Working with Assemblies 435
Chapter 12: Building Efficient Assemblies. .......................437
Identifying the Elements of an Assembly...............occoiiiiiiiiii e 437
Standard reference geometry items..............coiiiiiiiiiiiiiiic e 438
Assembly eQUATIONS...........c.iiiiiiiiiiiiiiiii e 439
External TeferenCes ..........cooviiiiiiiiiiic 440

Link values and global variables ................ccccccccoiiiiiiiiiiiiiii, 440

RENATIIINE svcvssvanvmness sues sioniosammsmsn s 50 e 85 o sy s oS ES S s RS S 440
{PETe(0) 138 (2T 0T TG Lo) TR S S O — 440

Assembly layout SKetCh ...........cooiiiiiiiiiiii e 441
Virtital COMPONENLS s oo satsni comesmmms s wysms e s eSS T 442
Assembly reference eOmMetIY ...........ccocoiviiiiiiiiiiiiiiiic e 443
History-based and non-history-based portions of the assembly tree ........................ 443

Parts and subassembles ..o 444
BOlAETS  mmstamasm s ssmvmmmmgmm ssimssnsummersrssseussrss soesausss s o s s s s eSS 455 444
IMIATES: oo suemmmmstensn s omemeoms it oy o G s s s 3 i S 8 S S ST 444
Assembly fEatUTES..........ocuiuiiiiiiiiii 444
Component patterns and MirTOr COMPONENLS. ............oviieiaiiiiiieiieeeeieeeeeeeenes 444
In-context reference update holders .................cocoooiiiiiiiiiiiee 445
SINATE FASTCIICTS xuucssussinmssbos smvwss sy eess smsns suusvgms vowems s U0 S5 e PWs 5SmSR TS5 445

(6 L L SR — 446
Using SpeedPaks v mssmmstimmmes s ssmimsynuss s sy s s soas s s 447
USING GIOSESkucsvsss o smmmsvmssusmmsusassassns sosspsvsvonsurovsssssusavovsssssnssssusasssans ssnsssiassy s ssnsd 447
Sharing self-contained data ...............cocoiiiiiiiiiii 447
Using SpeedPak with drawings ............c.cccoiiviiiiiiiiiiiii e 447
Using SUbassembIIes .............c.ccoiiiiiiiiiiiiiiice e 449
Creating subassemblies from eXiStng Parts ...........c..ccooieiiininiieiineeecis 449

Insert a new subassembly ...............cooiiiiiiiiiiii 450

Dissolving subassemblies...............ccoooiiiiiiiii e 450

Organizing for performance ................cooooooiiiiiiiiii e 451
SOIVITIZ TNALES ...t 451

Flexible subassemblies................ccooooiiiiiiiiii 451

LeACY AALA......cviiiiiiiiiieiee ettt 451

Organizing for the BOM ..........ccciiiiiiiiiiiiii e 452
Grouping subassemblies by relative motion ............ccc.ccoooiiiiniiii 453



Contents

Organizing groups of purchased components ...............c.cccceervrireciinnineccreienneene. 453
Depicting an assenibly DTOCESS s semessssvssnnssmsnsssssnmssnsssssssss s sosmmsmasosss s 454

THETI IOTIDETIING . momsmrsmssoesessis s o T R R R0 455

i 3Takoa (6 L1 BT (o PSSR 455

Paftermning cONSIASTAtIONS: suswsmesssswsussmmmmsmmmmmais mns e smiss s s s mommis 455
T o o] 1 — 455
Creating foldersiin the FeatureMatiager .ouemmssumommmsuinssasmmsmemssssumiss s smsen 456

Add To New Folaer t06].owsesamammemmmmmmmss s aimmmsessmanssoms 456

Create NewW I0lder . ciwmummusrmmmrmmmmsmn s s 456
Adding:itemsito-existing folders ..o rnmammmmmmnmimmmssm e 456
Reordering itemsin the TT8E .ommsnsmmummmmurmm e i b e e 456
Wotking with Tree Display Options: oo st sy 457
Showing feature names and desCTIPEIONS .wsuusussssmmsmnssmis sns mimsmssssminisssossssapiss 458
Showing component and config names and descriptions................cccocooeiiirnnnn. 458
Using names other than the part filename in the assembly FeatureManager ............ 458
Usifig‘Coitiponent Reference Per [NStaTCE . s mmmampisssinemmsmansissssmsasmss 460
Viewing feattites, mates, ahd /dependefiCies . ommmumssmmmnssimnssmnsmssmnsmanssamsmms 461

B2 10T 5T 111 ] 0 0T | R S SRR 462
L STTNE S CTUEOTS s usrs dseinssenssms A S TS G A S AR o 462
WUsing the AssemMblyXDETt, ou.usmuovessssamummvessmmmsmnmamsmssmssismssmsds woyssss s 463
Tuitetial: Arranging AsseTIDIEs: cuwesssssomnmemmmssins s s e s S sy 464
Tutorial: Managing the FeatUteManager. . swssmsssmemmnmnsssmsianssssnsssrsssesss srassasssss ssssssss 467
SUTTTNTTYATTY scmmosviossosss oo s R S S A R I 6 s S s o S 468
Chapter 13: Getting More from Mates . ....... rEERBE R susnesasws 309
APPLYINE MALES .....c.iiniiiniiiieiii ettt 470
Mating through the Mate PropertyManager ..................ccccooviiiiiioiiiiiccee 470

Mate WOTKEIOW ... 471

View and model POSIHONINEG ........c.ooviviiiiiiiiiiieiie e 471

AT (LT © 4 T SV SUUUO U e ——— 472

Multiple Mate MOde ..........c.ooviiiiiiiiiiiiiic s 473

Taking advantage of SMartMates ...............cccooiiiiiiiiiiiiiceec e 473
Alt+dragging a SMartMate ............c.ccoiviiiiiiiiiiie i 473

Drag DetWeen Wi OWS: o s ssnmsassnensannstsssiisnssdssssnmsoressss 95 0o sassaimesas 476

M Ate) T T OTICES s i s s sH AR s amsamsmmoms it osesses s Sl 476

Mating With MaCTOS.........oc.iiiiiiiiiit s 476

1 F:Tiy 08240 Co) ) (e (o] 4 N S SRONONOURI S S 476
Analyzing degree-of-freedom ..............cooiiiiiiiiii 477
Setting upSUCCESSTUl TOTION. .. wsisis rousinarsmsnnmmmons s sms semsovsss sos st susass sonssisssiod s ssnsios 478
Working with Advanced and Mechanical Mate Types .............ccccccooviiiiiiiiiiiiiciiiciiiccns 480
SYTIGTTICTTATE osromsmmisssismmues s esmuimssia s eemonmmmsssonsspesosios s iy Eosses SSsb s e 480
CHTTLINIATE, e rmmeos o e s b S g mms e mesomsis oo oS o oo S R RO 481

N ] TR e T S e el S S SRR 482



Contents

BT AL s, mm s vvmmse sy o ios 7o P e ot st o i o e e S s i 482
Rack and Pinion Mate................ocooiiiiiiiiiiiiiiiiiecce e, 483
TLATOAE TALES. 5. sumemsumasussuuss swumonnawvamam omssmemivmesamesisss s mssosms s s ssmssssmnsnss o 484
SCTEW IALE sivss s svinsmssansans swsniowns susmmsavm e ssmssnessson s wss s s s weas sassms s samtow nssontiod 485
PAtRUINALE v cusieresmomsussnesusisns sesemmurivsmossmmms ssvssnsmsns vesessssssusses s s nonssmssomsssas s oo 486
Linear COUPIET MALE..........ciuiiiiiiiiiiiiee et 487
HIINEE IATE, s rusasivsmmsumstsssmmssmmmmes ommmmsms s o s sS85 487
Belt/Chain ... 488
Editing and Troubleshooting..................ccccoiiiiiiiiiiiiiii e, 489
Editing existing Mates ............ocociiiiiiiiiiiiiiiiiie e 489
Troubleshooting assembly mates................ococooiiiiiiiiiii 491
Distinguishing between warnings and eTTors.............ccccoceiviiiiiiiiii e, 491
Examining Mate OPHOTS ..........ccioiiiiiiiiiiiii e 492
Reviewing Mate Best PractiCes...........cooiiiiiiiiiiiiiiiiiiiiiie e 493
Tutorial: Mating for SUCCESS ...........ooiiiiiiiiiicii e 494
SUIMIIIATY! o oo s st ems S s Saoti sttt S 499

Chapter 14: Controlling Assembly Configurations
and Display Stales. . cc sssssscssninnossass swa wen cnm wos »mwe sl

VST DISPIAYISTALES oucssssiivssussimonnsnsmnsnoniosssbmmmusmonsansnsesissnsnssos sassd ks dhs Eenss s dRets SEPH BRI ES 501
Controlling Display ‘States and . configurations .;.....cussssmmusssamsmsmsmsmmisns 502
Using Display. Statesiwith: drawings cemmunmmamnsmmrewmemmamspensimes 505
Using part Display States in assemblies .. ... orwomosmmmnmemsasnenssnmmemssmms 505

Understanding: Assembly CONHGUIAtIONS ...xamimmiinssiss ssames s smmassmsms sty 505
Configurations for performante . ivimssmmemnmmm s e e 505

Suppressing components:and featiures..........irsmsnsnnnsgmsrsmimmmgs 505
ConfguTing SPEEAPAKS. .. ...cnessirumsnrsnmnssin ssssanssnsessisds iiasasae 5783 S8 400 4 HEERES 506
Using part configurations for speed.............cc.oooiiiiiiiiiiiiii, 506
Advanced Component. SEleCHONL. . ....pummesmencsesenesnsnnssissssismsssisnss grass s 508
FSBIALE 1. svosicuvnisaiiusnnsmsmmis assmmspamsmanenrnassbomass s A8 BRSNS A AR AT 509
SolidWorks Utilities Simplify Assembly...........:cmsissssssemmmssasmamsesis 509
Controlling display performance. .. ..issessassisismimsreenunsims e 510
Contigurations Tor POSTtIOMS: ixsumsusmmssusissssmsmsssss s e s T 512
Positioning WAth TALES .:uusecsmscsmsumsmis s mumsmesies mms e s v 512
P oS t ON I g WK S REECIEIS s iiesiionsi’ni s s s S 3 S O S R 513
Configurations.for ProdUC VATIATIONS ... vinssssisinsesasssssssimmss s s Fa 515
Design tables for assembly configurations ...............ccooveiiiiiiniiiniien 515
Modify Configurations and Configuration Publisher ..............ccccccooiiiiiiiininnn. 516
Assembly configuration dos and dOn’tS .............occoiiiiiiiiiiieie 517

Credting EXPIOURT VIBWS - seaiosissussinosims sis mmsins dbssiesibmmnssuie S5 S 08 oA SR 51

Tutorial: Working with Assembly Configurations ................ccccooiiiiiiiiiiiiic 524

SUITNATY scouvunonnsnssnsnossin s ses e asessmstes s a5 voe s RS A 5 T A S ST S S S a3 528



Contents

Chapter 15: Using Component Patterns and Mirrors . ..............529

Using Local Component PAtteINS .............c.oviiiiiiiiiiitieii e
Local pattern references.............coouiiiiiiiieiiieiec e
Pattern seed ONly ..........coocooiviiiiiiiiiiicee e
INStances to SKIP ........ccoiiiiiiiiiiiiiiiii s
Mirror COMPONENLS ......ocuiiiiiiiiiiiiie et
Using Feature-Driven Component Patterns
Understanding Other Pattern OPHOMS.............c...ciiiiiiiiiiiiiiicice e
Tutorial: Creating Component PatteIns. .............cciiiiiiiiiiiiiiiciiieeceeee e
O UATIARINATY 550t R S BT s s i s A A S S R o

Chapter 16: ModelinginContext.................ccivveen.. .. 541

Understanding In-Context MOdeling............cccooiiiiiiiiiiiiiiiiieeeccc e
Advantages of in-context modeling ..............cccocooiiiiiiiiiiiii
Potential problems with in-context modeling..............cc..ocoooiiiiiiiiiiiii
Identifying alternatives to in-context modeling.................cccccoeviviriiiiiiiiiicn,

Assembly layeut Modeng: ...cvmsmmnmmmmomamn s
Multitbady IO elinNg,: s el s

Dealing with the Practical Details of In-Context Modeling

e 5 O T et 0T OCEES s s cusvomusmamessmmssss s s vony s TS R eSS EREE
STATHINE OUL IN=CONTERT .cumrsrssmmmumsssmuresssssmmsnmm s iomsss s oo s Sy
WOTKING INM-COMUEXE ..ottt

In-context best practice SUZZESIONS .............ceiiiiiiiiiiiiiiieieiet e
MuUltiple COMTEXLS. ...ttt
In-context with configurations................ccooviiiiiiiiiiiii e
In-context With MOtON.........coiiiiiiiiiiiic e
In-context with multiple instances................c.ccccoooiiiiiiiiiiiiie,
In-context and file management ................cccoooiiiiiiiii
I-COTt Xt anEITATES  svmssssvvusenummsmeaossmssrmesa T aes e sy
G CUlAPTRICTENEES o e s meamammses s o s S e e e
Skelettns anid IATOUES .. uses susmerssomssse s ey R A HES
Inseotitextand HDYATIES ucostuomonmomesmmosnnssisvarmmm s e s e sy s
ReMOVING TelAtIONS ...ttt
Should you use mating or in-CONEEXL? ...........ccooeiiiiiiiiiiiiiiiieeeee e 561
Communicating design iNEeNL.............cooooiiiiiiiiiiieee e 561

Using Other Types of External References...............ccocoooviiiiiiiiiiiiiiiiiii 561
Understanding inSerted PATLS ............cccveiiiriiiiiiiiiiiiiet et 561
Understanding SPIt PATES ............cooiiiiiiiiiiiiiiiiiiie e 562
Understanding MiITOT PATLS.............ooviuiiiiiiiiiiiiiiiiiieet ettt 562

Using the Layout fEature .............ccooiiiiiiiiiiiiic e 563
Using the Layout WOrKElow ..o 563
VATTUAL COMMPOTIETIES ...t 565
Balancing advantages and Hmitations ...............c.cocoooiiiiiiiiiiic 565




Contents

Tutofial: Working Tn-CoRteRE. . cussususssosssmsrms s kemmsse g e wossmesse 566
Tutorial: Working with 2. LAYOUE, cuusesmsesssusmssssimmmmntomsmam st s 573
SUATYTTYYATEY i o o0 R T S B PR R s i o 578
Part IV: Creating and Using Libraries 579
Chapter 17: Using Hole Wizard and Toolbox . ............ 5w w wm w O
Using; thie HoLe WHZATH...o.. omssmssesosmsss s s i e s i s 581
Anatomy:of a Hole Wizard hole . oummsmsmsmmusnmmomtmmmmsms s 582
Blacement:SKeteh s susussmssiommimnss s sammmsssio seor s s e o s S SR o 583

EHOLE SKEUER susrowis umsmsons swsmsii s moommwssesars v toms s e S SN v s ST ST SR 583

2D wersusi 3D placement sketehes ... mummsuemmsmrtsa o 583
Advantages and limitations of the 2D'sketch ... 584

Advantages and limitations of the 3Disketch ..o s 584

Making annd USTIg FaAVOUIES, usaassssssmsnssassinesssssssss e s e oo a3 587
Creatinga Hole Wizard Favorite: ;s assmmsas sy oy 588

Storing CuStor. NS o s susssssmosssmmssnssssmss oo TSRO A 588
Administering’Hole Wizard Bavorites. .. s s somssnasmassmmps 588

P A0 Tt @SAGUIITIS s ssssinvssis o s 5o s e S s A0 PR TP DS RO 589

Usinig;thie EIO € SOTUES s ussmsssns s sivmie s i oo s P o SR IoT N A AT R 0 589

Hole Series interlate, s musssssvssssssnssmsmmusmmmssms s s oS Gy assmvess 589

Basic/ Hole Series Stepsi: s sssmss issrmmssmmoims ssiimmms e mmms S s e 589

Hole Series: QUITIKS! xessmsse snss anmesnssssssessssssms b s AR 591
UNderstanding TOOIDOR s ussuwsss.ssesmsusmmmsnsgsmss mmsms s e e s e s 592
ET O OO 2 WO s s i s s 5 S T AP A 593

TITE AACADASE 50 essssmmassme s s sass 8 s SR R Y S S AR 593

The Confignrator, application;: . smsmumamsesmimmas s msms 594

Toolbox OrpaANTZatTON, s mssmsnmmssons nsus s sesmssmmsss b BH VIETRRAEHS 596
ConfignTAtIONS OT DATEST xsnssmssnessnss sisiss sosssiissn 585w e3sm50 s w53 o8 SRR TS 597

BT (] U o i ) o 598

L 5T oo | T T 599
Turning on Toolbox and 'the Toolbox/ BIOWSEE :.cuseimsssnussisosssasmesssnssvamsassaess 600

POPULANG WOVES cuuiscesssmssssivsssspessssmssrsmmmmnsionmme et s s 600

SINATE FASTCIIETS umesmiossnisws fosssis s (5655 060 5mso T 55 P R0 SO T T PR e 602

Organizing Toolbox parts in/an assembly ..o, s iovimsissssammarsssssmssssmosimess 604

Re O ATIOTIS i ussmsimisisrussn s visisniisiss e A s eSS T ST T RS 0Y 604
Thessimplest setup that WOTKS s s 605

A complete setup that Worksy..smssmmsms s smmmmm 605

Tutorial: Gaining Experience with the Hole Wizard and ToolboxX ..., 606
SUTNTAATY: suiosonmsanimvsssnss s ssns s svoses e s E s AT P s R s 614

XXiv



Contents

Chapter 18: Working with Library Features. ......................615

TSI LIDTATY: FOANTOS o ruvsvsserssossumesannssnsinsssmasins siswsssmsssisgssmmss e goons s S s ihon 615
Getting started with library features ... 616
Applying the Library Feature interface ................cococooiiiiiiiiiii 616

TASK PANE. ..o e rmmmmemsmansimmypsmscnomeapassonussns s s s g 56 s s T s 616
DeSIGN LIDTATY .....oeiiiiiiiiciiet e 617
Exploring other Design Library functions...............ccooeoioiiiiiiiiii 621
ANNOLATIONIS ... s erweneesssarsssmussmssssmamssnsonsessoss s s sseessssias s s s s s ssusssnsmons 621
Location of the Design Library folder...............cccooooiiiiiiiii, 621
LIDTAIY PATLS.......oecuiiiiiiiciiietce et 622
Sheet metal forming tools.............ccooiiiiiiiiiii 622
ASSEIDHES. . .ciomemsimesasmsmonssnuss swssmvassessssimssoria s s sonssss s as s s s s sisoeaws s 622
ROMIIIE v 5. smrsmmsismiismmissmssmmsmssawsn syt e s Y ST AVRouS 623
SMNATt COMPOMEIIES.... ..o ueswosssmmsmssssmunmesmasssnssons sisasmi s sssse s st sam s 623

Creating Library FEAtUIes..............ccoouiiiiiiiiiiieiiiii e 623

Creating a library feature.................ccooooiiiiiiiiii 624
A few HMILAtioNS ......ccoovvuiueiiiiiiciciirecc e 624
Creating a new library feature.................coooiiiiiii 624
Saving the library feature.................ocooooiiiiiiiiiii 626
Display of the Library Feature iCON.............cocoocooioiiioiiioiiiicecieeee, 627

Creating a library feature from an existing part................cocoooooiiiiiiiii 629

Adding folders to the Hbrary ............ccccoooiiiiiiiiiiii e, 630

Locating and Internal dimensions ...............ocoooiiiiiiiiiiiniiee 631

Understanding DiSSECON ............c.ooiiiiiiiiiiiiiiicc s 632

Tutorial: Working with Library FEatures..............ccccovveiiiiiiiiiiiiiiecc e 632

SUNTATYE wtunsisusmmanmtmsassassmssssnsmsiinmsnd e s s s s AT sl 639

Chapter 19: Using SmartComponents .. . . ..........ccoevenee....641

Understanding Smart COmMPONENES: sssssssimssuessrimssmssmasssssres ustass o5 sussssssssnsassasssmsais 641

Using: Smart COMPONECILS cux.wssussvssssssmmsesssmee v s see s s0iesi sss sis sismssse vasamassissmonunsl 642
Getting started with:a sitriple Smart COMPONEIIE s suumasmssmsmsmisnassnssusumssenswins 643
Autorsizing STATY COMPOMETIES uwsssisys s ssvhuss s mnms o0 mms s imess oo o 645

Making Start: CONPOTIETNES e uussusscmsumnswssusssssississsson st ot i s s ssess s 647
Getting started with.a sithple Sthatt COMPONEIE, sursycussmmammmsusmssmmsse s 647
Creating anauto=sizing Smart COMPONENt s smummsammsimmssmmssstnsissssssaamaansss 650
Managing file with STart COMPONEIS vuussems s seumssmssmuumssasismssssissmsmstssimmssnsssasss 655
Editing STatt COMMDOTICTIES s swssiesssssnsves sy messmsn s et b Fisesmssssssnss 656

Tutorial; Working with Smart COMPONENTS:..cuwsuswsssusssmsinsesmssmsasusssamnesesossvussesivssssisassarans 657

SUTIALY wcssitinesmvnsmsnionsssmsusaumsson s o s s S S e o A e S B SR O SR 660

XXV



Contents

Part V: Creating Drawings 661
Chapter 20: Automating Drawings: The Basics....................663
Comparing Templates and FOIMALS ...........cc.cccouiiiiiiiiiiiiiiiiiecice e 663
Changing existing temMPlates. ............c.ccuciiiiiiiiiiiiic e 664
Maintaining different templates or formats..................cccocooiiiii 664
Creating custom drafting standards................cccoceoiriiiiiiniiiici e, 665
Creating DiaWing FOIMALS ...c...cuammummmmomamsenssessnsisstssmsmsssvesaussedhasenmysssssmnssnions 666
Customizing an existing format................ccocooiiiiiiiiiii 666
SATNPIE TOTIMASS xoasismsmimsssmsmsmmiivetis siiasnsdssss oo te e oA s o S e 666

Editing @ format...........ccooioiiiiiiii 667

INEATTARIINE] (R s mastcisosions st oo o SV Rl e 669

LISIng CUSEOT, PrOPET IES: oo smcssssmesnsinnmonsssaast ssompssamsssons s sems swmmsenmass ey 669
Custom property data enNtIY............ocoeiviiiiiiiiiiiiiiice e 669

Property inkidiSplay. ... cusissssmimmimasmpamisvmmsssmn sosmissnssnsmarssmansmes 671

Errors and link Variables. ..o immmeimmissmisessinsmsanemssusvsmasimamnsnssons 672

Creating HnlKed PrOPETLES cemsisnmaisssivomimsnmmsres sovsionsvsvasvimisensiomsimmnssisah 673

Using the Title Block fUnction.............ccccoioiiiiiiiiiiiiii e 674
Creating a format from a blank screen.................cocooiiiiiii 675
Creating a format from an imported DWG/DXF file ..., 676
Saving the fOrmat .............cooiiiiiiii e 678
Second Sheet TOTIMALS ... .couusmesssnsusummssmtssssamsmsrssssasssvossosasneastomsasnsseasonsesmmnsseasssins 679
Adding new Sheets ............cccoiiiiiiiiiiniiicc e 680

Reloading formats.............ccccooiiiiiiiiiiiiii 680

Creating Drawing TemPIates...............ccoouiiriiiiiiiiiiee e 681
Using Pre-defined Views in drawing templates...................c.cocooooiiiiiiiiiie, 681
Aligning Pre-defined Views................ccccoiiiiiiiiiiicc e, 683

Populating a drawing with Pre-defined Views....................... 683

Pre-defined Views and sheet scale................ccoooeiiiiiiiiiiiiiiii 684

Pre-defined View limitations.................ccocooiiiiiiiiiiiie, 684

Using styles and blocks in templates ................coooiiiiiiiiiiiiii 684
Custom properties in templates..................ccooioiiiiiiiiiiiiiiccc 686
SaVING @ tEMPIALE ......ceiuiiiiiiiiiiiiiicie e 687
CrEAtNG BlOCKS: s uvvesasisvssivmsmssnsnumsvasssmsranseassiss suomisivessmonssoweiss s s vas o sme oA s GRS s p Ao 687
ST AT v oemiisice o T e S oo ST G AP T P o e B s B S e o e 688
Chapter 21: Working with Drawing Views .......................689
Creating Common. VIEW: TPt swussesvessessusvsssmsuussmunssves s ossssssses s aeeassssis s esaesnarsins 689
View: PRIEtte: cumm s s oy s T s e TR TS R 690
IVIGTEL VA Wisoausimsscosoiinsssssn s s o 057 i o e o S oo s ST SN Bty sl 691

Oper dOCHMBTIES . cu. ssusis movisswrmimmgssisswamsnisesmedssvs v e sswssivsmios v o v 692

Thur BTl PrEVIEWR v .cnve s eamsinasssmm s esmsine e sgsisss svas i o s 692

Start Command When Creating New Drawing Option .............ccccocevvernnen. 692

Reference Contiguration. s ssmsusmmassssmansiusvssossessshassoavos o s snis s 692



Contents

SELECt BOGIES. ..ot 692

Cosmetic thread display ..............cccoccoiiiiiiiiiiiiii 692

Number of Views and Orientation.................cc.oocooioioiooieiiieieeeeeee 693

IMPOTt OPLOMIS ... 693

DISPIAY STALE.......evitiiieciire ettt 694

DISPIAY SEYLE ...t 694

SCANE st ttassmeatunse s smssnanssnns somsossssnasns ans as s snm s asin SV RS ERRART 694

Dimension TYPe ........cocooiiiiiiiiiii e 694

Cosmetic Thread Display..............cccciiiiiiiiiiiiiiiie e 694

PrOJECted VABW ..ot 694
StANAATA 3 VIBW ...t 695
DIELAIL VEBW. .1 cresisuisnnsasnsmmareassssmssnsnenssessmsmnsrssasasasses sseasss oss ssosnasomsis sasmssiss s sasion s 695
Pre-drawn detail circle............coooooiiiii 695

Detail circle drawn in-line ................cocooiiiiiiiii 697

Editing a Detail VIEW ..........ccooiiiiiiiiiiiiiiii e 697

SECHIOTY, VI s shesisssnminnienstodmmsisns umnmeossnssmsssne samssinamsse s ssass mssssssme s f s seusis oo 697
Default SeCtion VIEW ...........coooiiiiiiiiiiiiiiiei e 697

Partial SECiON VIBW .........ooiiiiiiiiiiiiie e 699

Aligned SeCtON VIBW ...........ooiiiiiiiiiiiiiiiiiieeei e 700

Editing @ SeCtON VIEW.........oviiiiiiiiiiiiiiieiiit e 701

Creating Other VIEW TYPES ......c..ouiiiiiiiiiiiiiiii e 701
CHOP VABW issuinsssonsinsion sosnnssesssnssss snmmmmssanmsssinassssssssimesss o sses ssse ssmsmsss i iamsssasn saswsasss 701
Broken-out SECtiON VIEW ..........cuiuiiiiiiiiiiiiiiiiiiiiceic e 702
Drawing the closed l00p ...........ccoiiiiiiiiiiii 702

Selecting the depth ... 703

Editing the VIEW .........oooiiiiiiii 704

BYCAK VIBW in5m s immsiomssmnsssns s isinamesnssommeanmnsammmnssns penssnssiss st amea see s sns s s s s 705
AUKIHATY VIBW. ...ttt 707
Alternate POSIION VIEW ........c.oviiiiiiiiiiiiiiiiee e 707
Pre-defined VIEW ..........cocoiiiiiiiiiiiii 709
EMPLY VIEW ..o 709
CUSLOMN VIBW. ... 709
REIATIVE VAW, .. thecisnsmissas i sximssssnsmmssamonsmrsnsmsonsansmsnrsssssn samsassss ssmssmedsssssisssii emes 709

3D Drawing VIew MOde ...........cociviiiiiiniiiiiiiiicinicicieeee ettt 710

View orientation and alignment................cocooioiiiiiiiiiiiei e, 711
Using Display Options i VIEWS .........c.ooiiiiiiiiiiiiieiie e 712
DISPLAY SEALES ......c.ocviniciiiiiiiciiecieect ettt 712
DISPIAY SEYLES ...t 712
Component Line FONU ..........cooiiiiiiiiiiiiiii e 713

LAYCES) sonsiuiessssmumains ton tonnmmnsamunsamussmnnmpnmsmsmssmmss s ssos s obissaiss s apom st 714

Tangent edge display OPUONS ...........c.ciiiiiiiiiiiiiec e 714

View QUALILY SETHIES .....ooviiiiiiiciciee e 716
Distinguishing Views from SReets .............cccociiiiiiiiiiiiiiiii e 717
Tutorial: Working with View Types, Settings, and Options..............ccccooceeiiiiiiierieene. LT
SUTTITNAT 50004 o5 7 A S ST RS AR 5 SR A e S SRS sl s i 724



Contents

Chapter 22: Using Annotationsand Symbols .....................725

UISITE NOES s mmmess i s o om0 S 538 S A TR0 SR oI SR G Nt 7Y 725
Setting up a workflow for placing notes ...............cccccoviiiiiiiiiiiiiiii 725
Making use of fONts............cooooiiiiiiiii 726
Using text boxes and WIapPing ...........ccccooviiiiiiiiiiiiieceee e 726
Placing notes and 1eaders ................ccooiiiiiiiiiiie 727

Add aleader t0 @ NOLE..........ccoeuiuiiiiiiiiiiiiic e 728
Multiple leaders.............ccoiiiiiiiiiiiiic 728
JOogged 1€aders ........c.ooviuiiiiiiiic s 729
Adding SIS, s mmvmm. v s i miimmms . sawismmms e o v S 0TS S A R R 730
Linking notes to CUSLOM PrOPETHES ............coiiieirieiiiiiiiiieicee e 732
HypethinKing teXE . ....oc i muamsommmsmommsnmusssasremssssss asesssssnsessssssssmsssasessasesansnsn 733
Adding Notes and Symbols.............ccocciiiiiiiiiiiiiccee e 733

Using BlOCKS i DIAWINES ......c..c.eoueuiriiiniiiiniiienieienieieietene ettt 733
TnSETting BlOCKS: «esswvsssssumousson fiastns onsmipuimenssibuins b smarasssts s ok wsisenay oo 734
Creating bloekSys s v v sy s i eSS 736
Editing BIOCKS .+ coswemsivonssramsmsn st ssim s 737

USINg SYTDOLS: . savwseion. commsessumsmsssons ssmussrmssmessasssssass vt g Savess (rR oo s 40 SRS T 737
Using symbols in notes and dimensions...............cccccoeeiiiiiiiiiiiiiicece e, 737
Creating cuStom SYMDOLS ...........oiiiiiiiiiiiiic e 738

Using Center Marks and Centerlines...............ccoooiiiiiiiiiiiiiiiicccc e 738

Tutorial: Using ANNOLAtIONS ...........c.oiiiieiiiiiiiieciiiieieie e 740

Tutorial: Using Balloons on Assembly Drawings .............ccccooeiriiiiiiiiiiiiiieeeeeecen 742

SUTAINATY sxverstwerwmesmmmssmoss sy isramy veuemsesass Srumm . s va T oo s PEeans vty S g e s on e ey 744

Chapter 23: Dimensioning and Tolerancing......................745

Putting DI eTsI OTS: O IRAWITIDS esssssmssssmsrsossvssassssss s essses st s s osiss s saav sy 745
Usinig Insert MOAel TEemS . cues: s simmssssssssisssvosssnsissusssssomms s sasssisiomsasssessmressssss 746
LISTEIg e leTenice QNN eNISIOTIStuounseussrsrunsvonssssmsnssssssssasvassmensssonsmsammsss sessims s aavs s 747

|20 (a B B 1 1111013 o) ¢ e S SR 748
Reference dimensions and thie DIMXPET ......sssvemmsmesssssssensmsmsssnssssansnsssessss 749
L8151 074001 o0 BJ1 410,007t ¢ R 750
SATINNO R A O VAR, im0 S 5 5 i o L R 751
1D )70 ¢ Lo 11T {0 g 1) (o) (RN P UUU PO 752
Ordinaterand baseline idimEnSiONS. .. comsssssssssusssssmsvamasssmsvisssssssysistam 754
PAVIEO CHPVETISH OI8O 755
ReeTeNCE SKOTCIES .. rsscunsssesonssssissusssisssenisssssssisnes s mssons s Fmasinssin s onsirh 755
Unidexstanding Dirnension: OPEIOTS s.eauussssesvssssonssssssssmssmsssassssssssiussiss s s 756
IDTICTISTOM: TR 5o s 5 B SRS SRS 757
PYIMATY ValUe OVEITIE. ... .x.commmssmnsnssnnsssmassissossiss osssms sssine woss xismonssnsssnsssss 757
DISPlAY OPHONIS. ...t 757
Wittiess/I.eader DISPIAY s ssssussssssnimsnsssnnssessnssnsssan goasinssesisseisianinsssiossss 759
1230271 19 ity S A 759
Formatting dimensions with the Dimension Palette...................ccccocooininn. 759




Contents

AAAING T Ol ETATICES isssaunssssansnswssnsasswsnsesss s s s RS9 56 SRS R 760
Changing precision ValUES s.ssumswmssuumnm s vmsmmmsrse s 55 s s soaais 761
Using Geornettic Tolefancinig SYmMBOIS wusvsssimssmsssmesmmamsmmsssmssmsssivsnssgssssbisks 761

Wsing DiMension:SYIES eumesmerusesssmsonmesmvesssmssn s s s s s s s B s Ko 762

Tutorial: Working with Dimensions and Tolerances ................ccceeiviiiiriciiieescnean 762

SUTTUTIALY s s s ssmome i sS55I 0 S S S B A A 766

Chapter 24: Working with Tables and Drawings...................767
Driving the Bill of Materials..............ccocioiiiiiiiiiiic 767
Examining the SolidWorks table-based BOM ............cccooioiiiiiiiiii 768
Table-based BOM templates ..............coooviioiiiiiiiiiiiic e 769
TADI I ANCHOT rissiivissoasssmmmmassanmmosnsmss sssasamemssmonssnssomsass svonis s s SaHsaasn oSS 770
BN OV s ovas s Toishir s msmarmssmassmsoncums oo o i s Ao 770
COMIEUTAIOTIS s 555 vusnesusnsmuims sminsassmsnnassomansmaasgsnsssns asomsnss s osisssoms et g as SsKess il
Keep Missing IEeINS < um smmans smssianis snssmnssomsmsmnsmmsessssissisoshdisssissonsammsssssasssasinds 772
Zero Quantity DISPIAY ..........coiiiiriiiiiiiii e 172
T TVTTIDEES . 35+ s s nomamense smsasssnsrinn s i i s s o s s 772
BOM CONEEIIES. ..ottt 112
Controlling the appearance of the table-based BOM ............cccccccoviiiinnnn, 773
Dissolving, combining, numbering, and restructuring for indented BOMS....774
Adding ToWSs O COIUMINS ..........oouiiiiiiiiiiiec e 775
EdIting BOMS ..ottt 775
Retiring the Excel-based BOM s suussmimsnsnnsnnenssnssassnsnnsonsnssnn samnses smsssn soaenisnsssmss 776

Using Design TableSs s s mmamsmsmiessesinis disnssnenshiesiinmsssassssidss asnhssisis 77

Placing Hole Tables:on! DIaWin g s ammmsssmsstiiinsmmesansssisn innsnsssinss s asnitosisnsssss o 779

Using RevisTon TaBIEs, . qoum s s summmomts s saamesnasisashomsssisuistns ssisnisbniosdaiagss s 782

Using. General Tablest: ;o ;s rs mmvi st bnomsnstssutstsnssness i smmsss i s pesiaions 784

Using Tables in Models..............ociiiiiiiiiiiiiiii i 784

Tutorial; Using BOMS), s civsiumessimmssissssnsssrionsmmsnonns sssssssmne ssnsnssansonsonsssons ssonsnsons sssmssoss s 785

Tutorial: Using Hole Tables..............oc.oiiiiiiiiiiiiiiiii e 789

Tutorial: Using Revision Tables...............cooeiiiiiiiiiiiiiiiicec e 791

SUTOTIATY it mmns s SRR SRS S A s sy s s s i s o 792

Chapter 25: Using Layers, Line Fonts,and Colors. . ................793

ContrOIlNG LAYETS ........oviiiiiiiiiiiiii 793
Layers in imported 2D data...........ocoovviiiiiiiiiiii i 794
Layers on the sheet format................coooiiiiiiiiiiiii 794
Dimensions and notes on 1ayers ..............ccccooiiiiiiiiiiiiiiii 796
COMPONENLS ON LAYTS. ......c.iiiiiiiiieiiitt et 796

Controlling Line FOIMA ..........oiiiiiiiiiii e 797
Using the Line FOrmMat SEtNES ...........ccvouiiiiiiiiiiiiiiiiiici e 798
BN CaP SLYLE ...uvevrmivamrmersommmussamsusosssanssman suas sssosmsnssssss ssussas s ssnss saiss s s sa sy ssasass s 798
Line Thickness SeLtNES.............cooiiiiiiiiiiiiiiiiiic e 799
LiNe StYle SELUIIZ ...ttt 800
Color Display MOde .........ccocuiiiiiiiiiiiiiiii i 800



Contents

Hidirigdtid SRowWing Edges . e smwmm smmmsmssssmussivsssabssssns arsssasssamsnssssisgess sossanss 800
Tutorial: Using Drawing Display TOOIS.............cciiiiiiiiiiiiiiiiiccecee e 800
SUTATNATY: vz 0505 sormams cnan meammsesmsssmsss - umsseayss S50 00 A A S S e e v WA e 803
Part VI: Using Advanced Techniques 805
Chapter 26: Modeling Multi-bodies . ...........................807
Using Powerful Tools Responsibly ..............cccciiiiiiiiiiiiiiiiiiccccc 808
Comparing multi-body modeling with assembly modeling .................................. 808

Using multi-body techniques appropriately..............ccccooiiiiiiiiiiiiiiiiice 809
Understanding Multi-body Techniques...............c.cocooiiiiiiiiiiii 810
Creating complex shapes across bodies ...............ccoccoioiiiiiiiiiiiiii 811
Using Tool bodies and Boolean operations...................ccccccoveiiiiiiiiiiiciie 813
Inidefit featifer e conmmmnmammane s mr ST 813

Move/Copy Bodies and Combine features.................ccccoooiviiiiiiiiiine, 815

Wsing, 166al OPETations serrm v e S S S S R T 817

Flex feature srvmrmroams oo o o e i e R S TR R e 817

Shell fEAtUTE ........c.eiviiiieiiiei e 818

PATTCTTMIIG o e somormss doms et Tl e S S S T O T T b e ST 819
Simplifying very complex PAarts ..............occoiiiiiiiiiiiiiiit e 820
Bridging between solids...............ccccooiiiiiiiiiiiii 823
Modeling for undetermined manufacturing methods ...............cc.cccooooiiiiiin 823
Creatifig Multi-bodies «v..qwammm o s v smotis s st s 825
Using disjoint SKELChes...........c.coiiiiiiiiiiiii e 825
Turning off the Merge Result OPtON............cociiiiiiiiii e 825
Applying the Feature Scope to bodies .............coccoiiiiiiiiiiiiiiiicccc 826

RID fRALUTE ... 826

Delete Solid/Surface feature ...............ccooooiiiiiiiiiriiiiiiiccccc 827

Creating multi-bodies with the Cut feature ... 827
Managing bodies with Split feature.................ccccooooiiiiiiii 828
Splittitigrwithia SKeteh. . smimismmm s s 828

Splitting Withid Planie:rwwm. sommmemmmmmmmr s T 830

Splitting with a surface body .............ccocooiiiiiiii 830

Adding bodies using the Insert Part feature .................cooooiiiiiiiiiiiiie, 831
Working with Secondary operations..............c.ccccoiviiiiiiiiiiiiiiceeee 832

STATHTIE PO, «osammons vvame: s e mmma e e S0 i oo T gu e on ST ST o T RS 832

Managing Bodies.............cooouiiiiiiiiiiiiiii s 832
Usitig Body fOldetS ... umusumssmamensmmmmnsmis assssoms, sassmss v swedsosem 832
Hiding or showing bodies ...............ccccccoiiiiiiiii 835
Deletifif BOAES wuroven ssmvmmmmsmmmsmmssmasssmswmssms s s st s s ST A s 836
ReNAMING DOGIES...........cuiiiiiiiiii e 837




Contents

Using multiple Bodies with Sheet Metal, Weldments, and Molds..................cccccccininine 837
Introducing multi-body functionality in Weldments ...............ccccocoviiiiiniinnn, 837
Introducing multi-body functionality in sheet metal.................coooooiiiiiiiiii, 837
Introducing multi-body functionality in molds ............cccocoiiiiiiiiiii 837

Tutorials: Working with Multi-bodie€s. ... ssmssmmmmmsmanmmmsmamsssiosmeississmmmsmioin 838
Merging and local OPEraAtioNS .. s smssmsssasnnsrmmsss swsismmmmssassxssssssas s s 838
Splitting/and pattertiing BOGES.... e ssommmermmuenssssmeemesssssssassmsssssssimseonnss 839

SUNTTITYEAT ooy o A A S W 0 S S G B a0 842

Chapter 27: Working with Surfaces ............................843

INtroducing SUIfaCes ............oc.oiiiiiiiiiii i 843

Understanding Surfacing Terminology ...............ccoocooiiiiiiiiiiiiiiiiicce e, 844
L o eV et S e — 844
LT e e s et e R S AN Bt sl Sl S R 845
TN i st o s AR e A A THRE S sos st Somam s s SHssAEe R R S A S T S4 845
Hybrid TAOAEINE) omesis suuisesssmn seTamsnsmiarmssasssnsnsmasssss smssns e s ie sossussesssnissassinsrs 845
Non Uniform Rational B SPHNe .............cccccooiiiiiiiiiiiiiiiiiii 846
Developable SUTTACE............c.cuiiiiiiiii e, 847
RUIE SUTACE. - st n555ms500wem e samsmersssmmns sssramsnsms e Ssiisstm o SF ST SRR A S 847
GAUSSIATY CUTVATUITE xatisisitiossisniimnss vonamsmnsnusamonmssssossmss s s smsihsisess o Sy s 847

Existing SUrface TOOLS...........uouirieiiririiieiiiet et 847
EROTTACH STTIACE s cxsmsmmass sussiorsss suemmern ssonmsmeros asnssnsimans sas e smos snsis o i sus s5mass st agiasass 848
REVOLVE SUTTACE: . osussnsss susnssssisnissamonssssmnensnssn somsmssnsns saons sossomessis st i s sms g s 849
SWRDE SUTTACR 5 svesszmvsss s simmiiomenstiosmossinmmsnfsanmes namnsamsissnuns sensivasssssossss sm s AT ARSI 849
Lot SUTTACR: coecomerinnin: wmmimmmmn st mmmenensmsessassnssas smsssus s domiissasamsenmsman s aesh 849
BOUNAATY SULTACE! . comc1msmmims s astmsransms dosiamsmasmsnsmsmnenssnsns s ramssisss sszmmsisii s s 849
OHSEE SUBIACE . cuxsucmmms s mnrasmms i s ik ommnsnsasissamssisasnasins s e sins o s 850
RAAIALEISUTTACE. .. ocnusessenssesiiossonsnsnsesss ssssammesasasmsanne msnsssensssnsssuosso s seusiatssasassssssssnss 851
KIS UTTAGE 1 00nmms srmmmuonsetinisssinss csmbansmmmsmmssenisomsoismionss s nesos Sl ko S8 4 5 ST 853
THICKETE SUTIAGE: . v cxiussniusimsrsumssesionsnsnssrmssssosmspasonsanssbonsnosmsme ams s sss sy sossunis s sasss 854
PIANATISUEIACE 5ovm: i cummemsstsmsms ssmmsssmranmmsnsrmss ssnonsmsansasnsamans s shoisess Senbensiassns sy g sy 854
EXteI0 SUTIACE :oxe0 55 0 vbmsiarmames e smmmonnans nssiissi e ssnsis ssonsiessito st assus Samasss i 855
T SUTEACE omiocmminstgin Seuiintsm T R0 s smoissesmesnsmasnssssasues Fos dus o5 6w eSS omas s 855
Bl ST AGEY s o oty st et nme A smammsice s i maima o 56N s e 2 856
IO STTTACE s smvmes s T o s i s S T 7 858
REPIACE BAGE v musmsmasmssmsaissssrsis sasniissmsinsesmnmmnanmsammanssmnsssssssis s soasassss s s s e sets 858
(8] 015101 R11) o1 VoS e s OO 859
PATEIE SUTHACR: - amesms ims i Ah s Fminenacmans s s i s s o SRa oA 859
RULEH (SUMTACE: x5 usersesmsmsmsminmmssiminismtamsrenssassmsnmsammenses st nsasissn s soRsassans Sossaess s e 860

Using Surfacing TechniqUes ............c.cooiiiiiiiiiiiiiii e 862
Up To Surface/Up T BOAY .....c.cceueriiiiiieiiiiieieie it 862
Cut Wilhl SUTIACE = v s isisisstimmssis issmsmmpnsmos soesmansss sssasussmns s s meassssess sossmess 863

XXXi



Contents

REDIACE FACE. xisvoessansmssmatinsstorisiuss bt i s iasas fho s o S T e e R B e aas 864
FALLSTHERACE ,s0sm5:58 onmn e onmess i Somie s T A e s e e s A 864
METNOTYSUTTACRY o nis it mmnss sissssisie s st o e i P R e s 867
Tutorial: Working WIthiSUTTACES :.:qussesssimsussseonsmnsnns s stansssas imssirsssosimessssiissinsssmssiiensinss 867
UsinigiCut With SUTEACE. ...cesecsss s sntimsosssssssmessirisss i s s 868
USIng IOHSEt SUTTACE s 5 ssnsissmsinssssmsissns snssmmains 960 esssns R s oo s R s w5 869

Using Fill SUHace BIENd .o ivsiiinsinumimms i s e s s i 871
OUTTITINATY s svissssiio s seshons s e e e AR TR TH A A TS B AR s B A ot 875
Chapter 28: Employing Master Model Techniques.................877
WSTHG: PULL FUTRCHOTIS .o cmesistesmessimsipmnnionsmsoesssmisasugiedeisss s §9psiisn Resasngisib hon g saien Sk o 544 879
RSB PATY - < cciomsommsiimoesaiizssmesresmsisnsss snssssusmebinies s smsof iem o hns oo S NG AOTRSHIS#4 879
INSeEItOINEWI BATE, <. cuiesiissnensronmostunmssonssibsomsnn orpsmessisngssstisdmnsnissoaons Bsiesmes i gssucd 882
WSitig PUSh FOTICTIONIS . «.camiusemysasnsissionsronsbus bunsssossssmnasibss snsmosssn g wonsiiss s ns indo s {5 SERRe o8 SET0S 883
S PITEEATIITRY it ostsiontgsivslos s v i Wi T B R S 0 884

S Pl v R e e B S PR R SE 884

AR TO=ASE] GOTATINES  ssiiomessssivsswsissonsgssiens 4e gemasson s ose s e v Fe s R s 884

CCAE ASSEINDIY . o i s i s v suomsios e R s i 885

SAVE BOUICS s s o s e s s S s A S s R o s 885
Tutorial: Working with Master Model Techniques...............ccccocooiiiiiiiii 886
ITTSBTP AT < s s o o B o R R A VR s Ao R PR S R 886
INSETHIAEOTINEWARATE ¢ csiomiisnssnssinmsrssssinmsisue i dmsisiipis s SRSi0H 6 G5 o T PR 887

S evmrssmey swpessogsogoms aemengios s e s s S oo S e L S R 888

SATE BOUIES s cwesiiesimiomnensavommissmsmsionsmionssssogsonsses s e isyusGasmy o s dienonsionsFonsan ¥ shoves 889

LS ET o 1110 ]ORN EE ST SRS AU M e N R ATNERVRTRESRNESYESUEUCS I ERISRREIPN NS 890
Part VII: Working with Specialized Functionality 891
Chapter 29: Using SolidWorks Sheet Metal Tools .................893
Using the Base Flange Features ...........c.cccooueirieiiiiiiiiiiiiiiiciiecsieiceeiceceic s 893
Base/ Rlange/Tab featiiie, .t ommmoaitesiiiminmtinionmaiosmmsosias ssamsismsis i s s oy 894

STy T i (7 T T R 895
LT o) R R RS 895
Bend:RAdIUS iz st st e g R e e s 896

Th1CKTeSSh oo ctevmme i i rmemnee i an s S e i A 897

Bend ALIOWAINCE.........c.oocvereiriiiiiiiienteieeterie ettt ettt e st see s sae e b s nees 898

L T L T — 900

FlACPAtern: fATOTC. . coucsrovoreumssssmmmsseassmsmssmstomssmsmessmssonsanserimssssion sapogmasontesmmssuentssni 900

Edge Flange featire ..o uemsesmmmmastnomsssssmmasineiust s sy ss sivaniasimsson 903

Edit FIENEePIOME trsmmimmsatimtammimmm ot s fooms i 904

Useld et TPAGINIS -emetmmmmmemrmmm e e S e s e 904
GADIISIANICR s ss o St e R S R AT 904

D 1 T 904

L Loy N S RS W e 905



Contents

JE1 RISl oT L 1T o S S T . 905

LB b (T BT 906

Miter Flange feature .............cccoouiiiiiiiiiiii i 907

HeIn fEATUTE ..ot s 908

JOG HRATUTE ... 910
BIREA FACE s wcesumimmsvnsummasvmsmmssssnamsssmvedssssssss s ms s sy s s s sy s TSNS 910

JOG OHERE s esmonssssmsssmansommmsmssmmamssssamsssmmessimomensymsy s s s e s s 911

Fix projected length ...........cooiiiiiiiiiii 911

JOB BOSHIO .. c.usmmsmmmosmsmsmmmsmsssmmimmsnressass amss s mesis semsnses samess v s st sneieaiusims 911

JOZANGIE ..o 911

Sketched Bend feature ..............ccooooiiiiiiiiiiiiie e 911
Closed COTner fRatUre ...........ccoouiiiiiiiiiiiii i 912

E46es t0 BRI . csmmmmmssmmsmmsmsassmmmmsssessrmmmsmpomsss s ria s s 912

Faces t0 MatCh ........ccooiiiiiiiii e 913

TIPS i soinsscisnsiomssis s s B B P N T o 913
Overlap/Underlap ratio.............c.ccccoiiiiiiiiiiiiiiiic e 913

Open bend TEION ...........cciiiiiiiiii e 913

COPlanar faCeS ..........cuiiiiiiii i 914

Forming Tool feature ..ot 915
Creating forming tools..............coeiiiiiiiiiiiii 915

Forming ToOl LADTATY .......ccooiiiiiiiiiiiiccee e 916

Placing a forming tool...........coooviiiiiiiiiiiiiiiicc 917

Special techniques with forming tools ............cccccoviiiiiiiiiiiii 917

Lofted Bends feature.............ccoovoiiiiiiiiiiiiiiicc 920
Unfold and Fold features................oocoiiiiiiiiiiiiiic e 921
Making Sheet Metal Parts from Generic Models ..............ccoooeiiiiiiiiiiiiici e, 922
Normal CUt fEATUTE ..o 923

RIP fRALUTE. ..o 924

Sieet Metal feATTE  vomsvmsmmmmmmemmmssomsmmesrosmsors s s AT SeS 925
Flatten Betids fEathie . v aummsmmmsmsommsmmmsamsrsssur o s i S 925
Process Bends feature ..............cooooiiiiiiiiiiiicc 926

INO Bends fRAtUTe ..ot 926

Flat Pattern feature ...........cooiiiiiriiiiniiiinieie et 926
Convert to Sheet Metal feature .............cccooioiiiiiiiiiiiiii e 927
Using Other Methods. .........oiiiiiiii e 928
Working with imported geometry .............oooviiiiiiiiiiiii e 928
Making rolled conical Parts .............cccoiiiiiiiiiiiiiii 929
MiXIng MethOdS ..ot 930
Using Multi-body Techniques with Sheet Metal ................ccoccocoiiiiiiiii 930
USIHG INSEPL PALE. ovssonsmmsmmsmmesemmmrssmpmsmmsmmapssensssams i s e s re s s 931

Using multiple Base FIanges ............ocoiiiiiiiiiiiiiiiie e 931
Tutorial: Working with the Insert Bends Method for Sheet Metal Parts............................. 932
Tutorial: Using the Base Flange Sheet Metal Method ... 935
SUIMIMATY ...t ettt ettt et 940



Contents

Chapter 30: Using Imported Geometry and
Direct Editing Techniques. ... .....cccevvecvscccccscncccscsss. 9

Understanding the Basics of Imported GEOMeLtIy .............occoiiiiiiiiiiiiiiieiiececeeeea 942
Gaining experience With IMPOTTS............cooiiiiiiiiiiiiee e 944
Understanding the results of imports.............ccooooiiiiiiiiiiiie, 945
Demonstrating some data impPOTt..............c.coiiiiiiriiiiiiiieccce e 945

Using direct converters
Handling import errors

Repairing import errors automatically ..............ccoceiviiiiiiiiiiiiciceceee 951

Repairing import errors manually ...............ccococooiiiiiiiiii 952

Tricking data into WOTKING.............cooiiiiiiiiiiie e 953

Ensuring that you get g00d data...........cccoocciviiiiiiiiiiiiiiic e 953

Converting point cloud data...............ccocoviiviiniiniii 954
Understanding the Traditional Role of Direct Edit TOOIS ...........ccocoiiiiiiiiiiiiiiiie 955
Defining the role of direct edit toOlSs ..............cccciiiiiiiiiiiiei 956
Understanding the strengths and limitations of direct edit tools............................ 956
Using SolidWorks Direct Edit TOOIS.............cuouiiiiiiiiiiiiiiiiieiei e 958
Combining direct edit with hiStory.............ccocoiiiiiiiicc, 958
Combining direct editing with imported geometry................ccccooooiiiiiiiniiinnnn, 961
Handling imported data with FeatureWorks ...............ccocooiiiiiiiiiiiii 961
Tutorial: Importing and Repairing Solid GEOMEeLTy ............cccciviiiiiiiiiiiiiiicieeieeecee 963
Tutorial: Flex and Freeform ... 965
S UTIIATY s ssmsesr: sarramssr s sovsss s Ao o e om et s S SR e oo S o P o e 968
Chapter 31: Using Weldments .. ..ccesvssvsansssscasssonssnnssI71
SIETCHING I 3D miss sassisssns e onssinsnes sainsss s Has e 5 5Es e 46 HERE3 RS o AR TR 3 H U A BT 971
NAVIZAUNE 1N SPACE: s osnmmonssnsnsnssuons s o ssas sgimessstsnsssmniims (s s asasEs s TR S 972
Sketch telations 10 3DSKEECNES . uussosaesssssmssmassasssscsusnsmssnsesorssrmssssasmsss s e 973

P TN T SRR v i 5 84 i 5 S S SR B SRRV 974

| HEToE v 071 o BT 00112 1 PR 976
DITTNCTYSOTNS e ssissmnss oo s s s su s s oo RS TR E s A R 976
Using the Weldment TOOIS! . uuswuscossmsssssnsissmessss st e be s e ALy s 976
Weldment. ...conememommrasmmms e s s s S T s 976
SEEUCHITALMETBEN oo emusssssmmssmummnmemssss sy s Ao S R A TSR0 977

L o 0 978
Lgcating’and orienting the DIl . e mrmsssmsmmsmmmd ot e 979

DisjOitit SKELCh SEEICTIS . sussmsnsisunsssussonisnssnss sonmins svmsssine st oxsimsainssass Sammsass 980

@15 :110) 041§ 0] (o) L R T S 980

COTNET TTCAUMICTITS c:5sum0s i ssnisossisissni s sws nsssosiss £ssiogiss 6355 4954 SRR TE A3 SRR SR REHERTEAR 981

ATC SEFINCTIES . cosssvmsrsmsmnse resminessns ssmnasosassamssssnsn s mas i85 400 e P e s S ns 982
Patterningsand. SyMIEtEYu s souevesersmnsssire s s s s s s sty 983
CON I TUTATONS ks tetan soesmass sessmimsse frrh o oS P S P ST s S e 9T 983




Contents

DA/ ERUETIA. 5 cseisusmcsssismeioasisionimons neoms A6 e s ssmos o e G 984

EITE) A e st s S seiins o s s S SR 985
USSR msssimasaoms e e AT GRS TR sinaesmar S s s am e o e T oS 985

BAIIEE BEA, i cnimsmmmmmnmsmmmmrmmimesss: ssrmannsnenneiissss s shivsdb e sooi oo st s s 986
Using Non-Structural COMPONEINLS .............ouiiiiiiiiiieiiieiiitei e 987
Using SUD-WeldIMeNLS ..........c.coiiiiiiiiiiiiiii e 988
USIg COU LIS, et i s e s samsanns reasa Bons SR e s 988
Usitig Ul LiSt PropeTties s s summsssisemunmissnssommssmonesundisnscnomsmssiamsmbsme o 989

Make Weld Bead .........ccooueoiiiiiiiiiiiiiciiice e 991
Creating Weldment DIaWingS ............ccuiiiiiiiiiiiiiiiiiiceee e 991
Tutorial: Working with Weldments ................ccocooiiiiiiiiiiic 993
ST TV s st it e S G S 53 S A ST it S R S S A 1000
Chapter 32: Using Plastic Features and Mold Tools ............... 1001
USRI ASHC B CAUUTES s tsammrnemsonmsssmyontssnmsumamaisnsasianesse o 0o s Wongs 08 Pl s AP vem st 1002
Using the Mounting BOSS.............cc.ouiiiiiiiiiiiiiiiiieeeccc e 1002
Using the Snap Hook and Snap Hook GroOve...............ccccciiiiiiiiiiiiiiicc 1004
RISIn g AP/ GTOOVE b iussumseamsssasbammmssmressmssss Py e s e o S RS 1007
WSIHIE the RIDI TCAUTE .. cussses nesnomepmsimsmmeetnmgms s s iy oo o SR P A 1009
Using draft in the Rib feature..............c.oooiiiiii 1009

Ribs@nd MiltisDOAIES v ittt g i Ao e R G 1010

Using Intersection CUIVes:as TefeTRICE ... cvumsmsminssessiommmsismesssimramsimmsmesss 1011
Terminating TiDS..........ooviiiiiiii e 1011

Using thin features ................ocooiiiiiiiiiic e 1013

TUSTEEIDTAI.. o it st umnssmmmssan ssssmenssssun oo 554388 TR o a5 03 1014
Neutral Plane draft ..............cooiiiiiiii 1014

Parting Line draft...............coooiiiiiiiic 1015

ST ATAIE .. it csoiopumsmenssunusammsissan bemansumonsimessass 6655 s 38 TSRS S R S TS 1015

Somedraft IRIEAIOTS vt ot TR S 1016

'Whatitordo whien dratefails;....omwmwuamsmmnanmamspmmsmamss 1017

D) F AR Bl s s wowssummsusssusmumaSinmomasastisaris Sy s e TR S ST 1017

Wsirig Plastic Evaluation o018, e iemmummmmmmios ot o O sne it 1017
DTt ARS8l o sasortiosssios s sscismmmonss oo sa sl e o0 o R A AT 1018

BASIE o o6 ene R acioonlomsinpitssessesmmssam sSSP 1018

Gradual TEANSIONL. ... covvsoniomsvussomvsvesusomsmmessiesinsismsssrsossss s s sesssissnmss 1019

Face Classification ...........c..oovvuiiiiiiiiiiiiiiic s 1020

Find steep faces...........occooiiiiiiiiiiiiiic 1021

Thickness ANalysis ..o 1022

Show Thin ReZIONS. .......couiiiiiiiiiiii i 1022

Show Thick REGIONS .........oiiiiiiiiiiii e 1023

Undercut DeteCtion ..........oouiuiiiiiiiiiiiiiieiceeicie e 1024
Working with the Mold To0lS PrOCeSss ...........cccoiiiiiiiiiiiiiiiiieiee e 1025
Using the Scale feature ..............c.ccccooiiiiiiiiiiiiiccceec e 1027
Insert Mold FOIAers...........coooiiiiiiiiiiiiiii i 1027

XXXV



Contents

PAFITTZIIIES, ocomeiavomimmnsistmms e msr st o aemmmstom ol e s s o i 1028
Shut-0ff SUTTACES ... ccc.covv s smessnsssssinssaimsssasmoniistonsionomssenamenssomses 1029
PaTEIE I SUTEACE - suuossemesismsesmebemivmimsmonsiosemomsiasssramsnsenans ssamsss vons amsuoss nes wohssbonsmssanansss 1030
TOONNE SPLL ... 1031

) R S 1032
Intervening Manually with Mold TOOIS ..........ccoccoiviiiiiiiiiiic 1033
Passing shut-0ffs.............ccocooiiiiiiii 1033
Non-planar Parting Surfaces................cccocooiviiiiiiiiiiicc 1034
Tutorial: Working with Plastic FEatures ..............ccccooeiiiiiiiiiiiiiiceccee e 1036
SUNIIIALY 5505 0wwsennnsssmmsssarsessiensonssesssimenississsonemms s dus ot eosee s oes e e ihs s v snyms minsissams s anns 1043
Chapter 33: Animating with MotionManager .................... 1045
@ T T e T e ————— 1045
Understanding thederminelogy e nmt amransas e mms s 1045
Formatting OUEPWE: s crsimmmonmmonsmesmnmm s iaves e s s (g SRy 1046
Using the MotionManages interface. v mus st G B 1046

B4 1 Tdor 10 e 3 () 01101 O e T T — 1047
Identifying elements of the MotionManager ..............ccocccereiieiineinieiieceeen 1048
Using diSplay OPtONS «s.wsussssssrramnmmssesvamsusmsmss soe s o sy s e 1048
Planning an ANITTAUION ey orm v mrmms s s s o s s s s 1049
Using the Animation Wizard.............cccoociiiiiiiiiiiiiiee e 1049
Creating 4 fotating animation . esswsimmmngim e st 1049
Creating an exploded view animation ................ccccoeviviiiiiiiiiciieeeeecc e, 1052
Animating the VIEW .........cccooiiiiiiiiieiice e 1052
ANITMALING VIEW CNATIZES v sxcussvommnsumvssvunn st sy et e s ST sy 1053
Orientation and Camera VIEWS ............ccooooviiiuiiiiiiiciieeeeicie e 1053

Introducing the time bat.«. o wasnamnmunausanvarssosmmmsysagims 1053

Greating Key POItSl cxstemmanammm s s e s s 1054

Zooming and free view manipulation e s snsmmi s 1054

Using InterpolationModes! . cs-eemmmarmssmmma st s s s 1056

Cotreeting MiStakes s msesmssmmmamit i anm s n A 1056

Using paths to control Gamerasiw o mumemsssnss s nremsmssmas 1057
Using the fixed target method...............ccooiiiiiiiiiiicccc 1059

Usingithe sled miethod .. .mammemsmmamisnmssmmamsmsmrmmsasmszes 1060
Aniirhatingrwith: Kej? PoitS oot o o b s e 1063
4L G 1063
Using the time bar with key points............ccoccooiiiiiiiiiiicee e 1064
Copyingiand MItTorng MOLHON: werrmamamnimasmnmmsssars s 1065
Adjusting the speed 0f aCHONS ...........coiiiiiiiiiiec e 1066
a0 L0 ) T — 1067
Oher OPHOMIS ...ttt 1067

Tiest ANTTNATIONS 1w iseipes sommeiom o ms ey oo sy S oSSR RSP TS 1068

SeleCting @ COMPIESSOT ..........cuviiiiiiiiiieieieiie ettt 1068

XXXVi



Contents

Using Animations to FIex Parts .............ccococooiiiiiiiiiiiiiiiiiiceece 1069
Animating with Basic MOIOI ..........coiiiiiiiii e 1070
Using gravity and COMEACE...........cc.ciiuiiiiiiiiiiiieiieiee e 1070

Usihg MOtOTS AR SPIITIES i cumssamsssssssassisensisnsisssi nnssss i sssi s sssmsismss ssssaomsosssibsmsmsesin s 1071

SUTTINATY ~rrss s e oo s i T oo s R e s i iR s S SATRR 1072
Part VIII: Appendixes 1073
Appendix A: FindingHelp ...........cccciiiiieriecieneee... 1075
SOHAWOTKS HEIP ... 1075
SolidWorks Web Help ........coiiuiiiiiiii 1076

E O UPTIUS ettt oeisomimn o usigmem o e e smaiosim o g A e S 1076

L B G iy st i s o S RV S S 1076

AT b oot B s mamspibeninoissgis s i s o S S SRR 1076
SOLIAWOTKS WED SIe........cuiiiiiiiiiiiiiieic s 1077
GLAPHICS CATAS .o cvsiminssiinsiansmomus assenenmmss momansnmsi messammsoss s s asisdosrs s susmomss sl 1077
CUSEOMBEPOTHAL 1 iusiimmeanscs sonsmnmenssmbsmansss sommmsmms s onssss s svon s o s s 1077

SOIAWOTKS FOTUINS .......ouiiiiiiiiiiii i 1077

KNOWIledge BaSe..........cooviiiiiiiiiiiieieic e 1078

Software dOWnloads ...............coiiiiiiiiiii 1078

Release NOES ........c.oouiuiiiiiiiiiiicii s 1078

WHA'S NEW ...ttt 1078

Installation and administration guides.................ccocooiiiiiiiiii 1078

PDMWorks Workgroup Vault Debug Guide..............ccccoiiiiiniiii. 1079

FLEXIm End Users GUIde..........ccooviiiiiiiiiiiiiiiieeeececee s 1079

S G IO DS i s i me s isnimanistonisnbpmensns moms o pms mssina s s 0SS oA RS Ao 1079
ONIINE FOTUMS crsessusnamsiminsons sosues sessssssssossssnnns saonsassms S ssanans e v Cussas s sis ses e egisg 1079

BlOBS ks e iorssmmmsimm tummes sossumestacs immsumme g sesmss omaresons oo 5 T S S TS 1079

T TTUTINS gt 0 it s baismsrtsmo i i g o st e 2 AT 1080
Non-Commercial Web SItes...........c.cooiiiiiiiiiiiiiiiiiiiciece e 1080
Appendix B: What'sonthe CD-ROM.......................... 1083
Systerl, REGUITEMIBTILS, ... uuuussusessesmmemsmmumnanmmssensssisshbesss st ity S S o s 1083
WVANA O WS TR TEIONS s s o siomsnimsmmuussse o e s e S e A 1084
SolidWIOTKS NeTSIOTS,, seuspsnamsmrsssmmmensssormssmons fo o o e e A G R T 1085
TrOUblEShOOMN . o emmsse it R sy T s 1085

611 10) 41 o G (SN PR E  TT. 1086
Index ....... GAR PR RS RENEE A O EBOE SE RS EEak p e e va TOBT

XXXVii



