KpaTtkoe coaepxaHue

MPEeANCHIOBUE...........eevieeee e,

Maea1l. MNpumeHeHne meToAa KOHEYHbIX
3J1IEMEHTOB B pacyeTe KOHCTPYKUUMN ........................

aBsa 2. KOMNOHEeHTbI NporpamMmm
Femap/NX Nastran n nx ssammopemncreume.
DANMIIBE.........ooviiiiie e

Maea 3. UHTepdeiic nonb3oBaTens .........................

Maea 4. Cpeacrtea co3aaHUs reOMeTpu4yecKkom

LY Lo 1= 1 |7 155

Maea 5. MoaenupoBaHue KOHCTPYKLUN

KOHEYHBIMU BJTIEMEHTAMM ... 203

Maea 6. CpeacTtBa aBTOMaTU3UPOBAHHOIO

CcOo34aHuUA CETOK KOHEeYHbIX 3JIEMEHTOB ................. 298
Maea 7. MopenupoBaHue COEAUHEHUMN ................ 338
Maea 8. Harpy3ku u rpaHuyHbIE YCNOBUS ............. 349

Maea 9. YnpaBneHne otooOpaxxeHnem Mmoaenm

N PEBYIIBTATOB ......oeitiiiininieeeie e eees 403

Fasa 10. CTpykTypa BxogHoro ¢danna

nporpammsbl Nastran u napameTpbl aHanusa ........ 444

Maea 11. 3agaum ctaTUKu B JIMHEMNHOWN

MOCTAHOBKE ... i e 477



4 Kpatkoe copepxaHme

Masa 12. HenuHeHbIN cTaTUYECKUIA aHaNuU3
KOHCTPYKLIMM ....oouiiiiiiiiiiieiie e e e e 524

MaBa 13. PelleHue KOHTaKTHbIX 3a4a4 ................. 547

Maea 14. AHanNnU3 yCTONYNBOCTM
M HECYLLLEN CMOCOOHOCTM. .........ccvveeiiieiieeciiee e 564

Maea 15. PparmeHTauMa MOOENMU......................... 604

Maea 16. luHamunyeckuit aHanu3
KOHCTPYKLIMIM ..ottt 618

Masa 17. HenuHenHbIN AMHAMUNYECKUN

QAHAJIMB . ..o 683
Masa 18. ONnTUMMU3aUNA KOHCTPYKUUMN .................. 694
MaBa 19. AHANN3 OWNOBOK............cccceeeiiiiiiiiieeee, 732

Masa 20. OcHOBbI BbIMNOJIHEHUS TEMNNOBbIX
PACUHETOB ... .ottt 749

CNNCOK JINTEPATYPDI.....coeviiiiieeeiieeei e 766

MPpeaAMETHBIN YKASATEIIb.............oovvveeeeeeiiiiiieeee e 768



CopepxaHune

MPEANCHIOBUE...........eiieeee e,

Maeatl
NMpuMmeHeHne MeToAa KOHEeYHbIX 3J/IeMEHTOB
B PACUYETE KOHCTPYKLIMM ......coovvniiiiaiiiieeiiieeeiiaeeeennnn
1.1. KpaTkme 0CHOBbI U anropuTMbl METOAA KOHEYHbIX
OIIEMEHTOB ..tuituiinitetetaeta et et et et e e e et et et e eaaeanaanas
1.1.1. OCHOBHbIE COOTHOLLEHWNS OS5 ANCKPETHbIX
(o1 [0 =] V. I PP
1.1.2. dusnyeckme n HopMasibHbIE KOOPAUHATSI ..........
1.1.3. MeTOO, NEPEMELLEHUM .. .uvvvniniiieeieeeeeeeeaen,
L I I S \V/ 1Y o R o1 1 DO
1.1.5. AnropnT™m peLleHnsd CTaTU4eCckom 3a8aqn ..........
1.2. CTaTn4eCKnNn PACHET KOHCTPYKLMM. .evuvvirieiaiaiieiainaanas

Maga 2
KomnoHeHTbl nporpamm Femap/NX Nastran
n ux B3aumopaencrteme. Damnbl....................ccceceeee...
2.1, KOHPUINYPUPOBAHUE. ... cviveiiiiiieieeieeieeeetaeane e ieeineeas
2.1.1. KoHourypupoBaHne Windows ............occvevveenennns
2.1.2. KoHourypuposaHmne Femap/NX Nastran ...........
2.2. @annbl Femap nNastran .........ccccoveiviiiiiniiiices

Maea 3

3.2. [JOCTYN K KOMAHIAM ...uvvirninerenaneenaneeeseeeneaneneaeneanennes
3.3. OOBEKTBI IAHHDBIX ...evvteteteeteeieeieeieeieete et eeteeneeaeeaaeraenaas
3.4. nanoroBoe okHO Bbibopa 06bekToB — Entity Selection ...
3.4.1. MeToabl BbIOOPA OOBEKTOB ....ucvvivnirerereiinnnnss
3.4.2. AnbTepHaTuBHbIE MeToabl ObICTPOro Boibopa
(010 1511 o] = T
3.5. M'paduryeckuin BbIBOP OOBEKTOB.......c.vvereirieriarerirnannns
3.6. OnpeneneHme KOOPANHAT TOYKN U BEKTOPA ...cvvvvevvenenn..



CopepxaHue

3.6.1. [lnanoroBoe OKHO 3a4aHNsA TOYKMN

B npocTpaHcTBe — Locate Coordinate Definition ........... 64
3.6.2. lnanoroBoe OKHO 3a[aHns BeKTopa —
Vector Definition ... 66
3.7. Onepauum ¢ dhainamm — MeH File...........cooovviviiiinnnnn, 68
3.7.1. OTKpbITNE DANNA MOLETN .oeveiieiieiieiieaeeeineanns 68
3.7.2. CoxpaHeHUe PamNa MOOEINM ....cvvveerreriennennennns 68
3.7.3. IMNopT 1 9KCMOPT PAMIOB ...uvvnvveeieeieiieieanennns 68
3.7.4. BbinoNHeHMe aHanm3a 1 Buapl aHanmaa
BFEMAD (oo 72
3.7.5. Nicnonb3oBaHne NpMMeYaHuin N CCbINOK ............ 72
3.7.6. icnonb3oBaHme NevyaTm 1 KONMMPOBaHUS ............ 75
3.7.7. KomaHObl MEHIO MESSaQEes .......oevvvviniiiinanennnen. 77
3.7.8. MNepecTporika Gamna MOOEM ......ovvveuveriernennennns 77
3.7.9. NpenBapuUTEsibHbIE HA3HAYEHUS ....vvveeeeeieananas 77
3.8. IHCTPYMEHTbI — MEHIO TOOIS .....vvvviiiiiiiee e 79
3.8.1. OTmeHa 1 BOCCTaHOBMIEHWE BbIMOSIHEHHbIX
(0] (=T 0 = 111 e 79
3.8.2. Pabouas Nnockoctb — Workplane ...................... 80
3.8.3. Bakpenngaemble NaHeNN NHCTPYMEHTOB.............. 82
3.8.4. NHCTpYyMEHTbI onepaumin —
Operational TOOIS ......cc.vvviiiii s 84
3.8.5. IHCcTpyMmeHTbl 06bekToB — Entity Tools .............. 87
3.8.6. IHCTpyMeHTbI u3MepeHuii — Measuring
TOOIS e 91
3.8.7. NHcTpymMeHTbl NpoBepok — Checking Tools ........ 93
3.9. Co3pgaHune reoMeTpnyeckmnx 00 bekToB — MEHIO
GBOMETIY i 100
3.10. CospaHue coeamnHeHunin — meHto Connect ................. 101
3.11. CospaHne 0O6bEKTOB pacyeTHOW MOAENN — MEHIO
MOAEL ... e 102
3.11.1. Co3maHune CUCTEM KOOPOMHAT .....ccvevnenennenns.. 103
3.11.2. Co30aHMNE PYHKLMIM ...ceninieiniiieeeeeeeieenen, 105
3.12. Moandukaumsa odbekToB Mogenn — meHio Modify ..... 108
3.12.1. ONepaumm C KPUBBIMU ....c.uvuneeneineaenannennaann 109

3.12.2. Onepaumuy nepemMeLLeHnsa OObEKTOB............... 111



Copepxanue 7
3.12.3. PepgakTMpoBaHue napamMeTpoB MOAENMN.......... 116
3.12.4. PaclumpeHHble cpencTea mogndukaumm
(010 21= 1 o ) = T 118

3.13. BbiBog nHpopmaumm — meHto List ... 126
3.13.1. BbiBO, HpOpMaummn 06 o6beKTax MOAMEHIO
TOO0IS ot 126
3.13.2. BbiBOO, MHGOPMaLMKN O FEOMETPUYECKUNX
(010 21= 1 = D 127
3.13.3. BbiBOg, HPOpMaumm 06 obbekTax
PACHETHOM MOLEIIN ueneiiateeet e eee e e e e te e e e eneenenas 129
3.13.4. BbIBOA, pe3yNbTaTOB PACHETA «.uvvevnerneenannnannns 131
3.13.5. BbiBO, HpOpMaLmm 0 rpynnax
oY (oY1= 1 PP 137
3.13.6. Ha3HAYEHME BbIBOOA ....cvvveirieeieininenenennnn, 138
3.14. YpaneHune o6bekToB Mogenu — meHio Delete ............ 138
3.14.1. YoaneHne oO0bekToB MEHI0 TOOIS ......c..evvveee.n. 139
3.14.2. YnaneHne reoMeTpu4ecknx OObeKToB ........... 139
3.14.3. YoaneHne o6beKTOB pacH4eTHOW MOOENM ....... 139
3.14.4. YoaneHne pe3ynbTaToOB PACHETA ....ccuevunennennn. 141
3.14.5. YoaneHne o6bekToB N3 OUBANOTEK ................ 142
3.13.6. YoaneHne rpynn N BULOB ......ccceueenenernenennennnn. 142
3.15. Onepaunm ¢ rpynnamm o6beKTOB MOOENN —
Y T T ol €T 01U o 142
3.15.1. Co3gaHune n yctaHoBKa akTUBHOW rpynnbi ...... 142
3.15.2. KomaHapl MaHUNynauuii rpynnamMm ................ 143
3.15.3. KomaHgpl pobaBneHuns onpeneneHHbix
OOBEKTOB B TPYMIMY wuvvueeneineaneeneanesesesneeneanenennennennees 147
3.16. YnpaBneHue oTobpaxeHnem Moaenm
B rpadmnyeCKmxX OKHaxX — MEHIO VIEW ........ccoevvvvininnanne. 149
3.16.1. YNpaBAEHMNE BUOAMM .......cccvnineriinanaenanennnnn. 150
3.16.2. MoOVPUKALNSA BULOB ....vnenerenerenereenerenannnn. 151
3.17. YnpaBneHue oTobpaxeHnem Moaenm
B rpadmnyeckumx okHax — MeHio Window ...................... 153
3.17.1. KomaHabl ynpaBnieHust OKHaMu BUAOB ............ 153
3.17.2. KomaHabl NnepepucoBKM OKOH BUOOB .............. 154
3.18. JocTyn K cnpaBOYHOM cUCTEME — MeHIo Help ........... 154



8 CoAepxatite

Maea 4
CpeacrtBa co3paHnga reomeTpuyeckom mogenu ... 155
4.7, COBOAHNE TOUEK t.uvrrirniniteteenennennenneeneaneenenaeanenneeneen 156
4.2. COBOAHNE KPUBBIX. et eueteteeeenennennenneeneeneenennannenneeneen 156
4.2.1. TIOCTPOEHME MPAMBIX INHUM .eveeneenaenaeneenaennen. 157
4.2.2. TIOCTPOEHME YT «.eueeneeneineeneeneeneeeeeaneaneeneeneens 159
4.2.3. TIOCTPOEHMNE OKPYXKHOCTEM ..vvvvneeneenaanaanaanannnnns 160
A Oy 1 =V T 162
4.2.5. Co3gaHne KpUBbIX N3 MOBEPXHOCTEMN ............... 166
4.3. TUNBI MOBEPXHOCTEM .evvvvereteeeeeeeaateeineaneenennenneaneeneen 167
4.4, Co3gaHne rpaHNYHbIX MOBEPXHOCTEM ..uuvvvveeeeaaenaeneen 168
4.4.1. KomaHgpl nogMmeHio Boundary Surface ............ 168
4.5. TIOCTPOEHUE NMOBEPXHOCTEM ..vvvveniiiiineiieieieaaieannn 169
4.5.1. nanorosoe OKHO 3a4aHusl NJIOCKOCTU ............ 169
4.5.2. TloCTpoeHme NOBEPXHOCTEN MO yriam
U KPOMEKEM ..ttt ettt et e e e e ee e 171

4.5.3. O6bpas3oBaHMe NOBEPXHOCTEN
BbITaNKVBaHMEM, BPALLEHNEM U BbITATMBAHNEM

MO HAMPABJIFIOLLEM ..uteniiiniiiiei e e 172
4.5.4. Co3gaHne NaoCKon, UMINHOPUYECKOM
1 CHEePNYECKON MOBEPXHOCTEM . euvvenineiniiiinaneinenaannnn 172
4.5.5. CmeuleHne n npeobpasoBaHmne
MOBEPXHOCTEM . eutueiaeeiits et e e 174
4.6. CepeaNHHBbIE MOBEPXHOCTU .uvurneeneeneenaeneeneeneaneenaenens 174
4.6.1. Co3gaHne n pefaktmpoBaHme NPOCTbIX
MOBEPXHOCTEM . eutueiaaiiaie et e e 174
4.6.2. ABTOMaTM4yeckoe co3gaHme cepeamHHon
MTOBEPXHOCTMY .vteeeeeeiete et e e e e et e e e e e eeenes 175
4.6.3. NonyaBToOMatnyeckoe co3gaHne
CEPEANHHOMN MOBEPXHOCTU euvniieiieiiieieeeieeeieeeaens 176
4.7. OOBbEMbBI Y TBEPABIE TEIMA. . ciueenierneeiierniaanaeaeeineennennns 177
4.8. TeepOoTeNlbHOE reOMeTPNYECKOE MOOENVPOBAHKE ..... 177
4.8.1. AKTMBAUMS TBEPLOTO TEMA wuvneeneeneineanaenannannanns 178
4.8.2. Co3pgaHne n pegaktmpoBaHme TBeEpObIX TEN ..... 178
4.8.3. MogndmnKaums TBEPOBIX TEJ ..vvueeneineaneenaenennnans 182

4.8.4. Jlornyeckue onepaumn ¢ TsepabiMu Tenamu ... 182



Copepxanue 9

4.8.5. Onepaunu paspesaHuns 1 PacCeYeHns ............. 184
4.8.6. OUUCTKA TBEPABIX TEJ..uivienitiiitieiereeaereeaenaananns 187
4.9. KonupoBaHMe reOMeTPUHECKNX OOBEKTOB ........ccune..... 188
4.9.1. KONMPOBaHNE CMELLEHNEM .......ccuevenirenarnnnnns 188
4.9.2. PagnanbHOE KOMUPOBAHME .......ceuevenerenannannsn. 189
4.9.3. KonnpoaHne MaclUTabMPOBAHUNEM ................ 190
4.9.4. KonnpoBaHNE BPALLEHUEM .......eeveeneenennannannnnn. 190
4.9.5. KonnpoBaHNE OTPAXKEHUEM ......ceuvvneenernannannnnn. 191
4.10. TeOMETPUYECKUNA MHTEPDEMC . ..uvvnveieeieaianiaiaainannnnn 191
4.10.1. IMNOPT FEOMETPMM ..uevneeeeeeiee e aaae e 193
4.11. MNMpuembl co3gaHnsa TBEPAOTENbHbIX
FEOMETPUHECKUX MOLEINIEM . uvvieeeiiiieieieieeeeaeeeenas 196
Mmaea 5
MOD,enVIpOBaHI/Ie KOHCprKLl,I/Iﬁ KOHEe4YHbIMU
BQIIEMEHTAMM ... 203
5.1. BbIOOp CUCTEMbI EANHULL UBMEPEHUS .. cuvenarenannannnne. 205
5.2. OObeKTbl KOHEYHOIO BJIEMEHTA ..euvieieiririeieieeeinenananens 206
5.3. Y3nbl 1 cTENEHU CBOOOABI B Y3ME....uiviviiierienenienanennnnes 207
5.4. BUbnnoteka KOHEYHbIX ANIEMEHTOB ....cvvvvvrvrinininenannnns. 208
5.4.1. OOHOMEPHbBIE BNTEMEHTBI ...vuirirninerenarenanennnn. 208
5.4.2. IBYMEPHDBIE SNEMEHTDBI ..evevuvnerneeieeneeneanaenaannns 219
5.4.3. OObEMHbBIE BNIEMEHTDBI ..evvvivieieirieieieieeeeneneannn 228
5.4.4. IDYTNE SNEMEHTDBI 1vuvuiriiniiiiieieaeeieeeiaeeiaenens 231
5.5. CO30aHNE MATEPUATIOB .. cuuvnineeiieteiier et eeteenenaenannas 234
5.5.1. VI30TPOMHBIE MATEPUAIBI ...uveeeieiieeiaeieinenaanens 236
5.5.2. OpTOTPOMNHBIE MATEPUAIB «.uevuevneeneanaeaaaanaennsn 238
5.5.3. AHM30TPOMHBLIE MATEPUANBI .vvevneeneenararaanaennss 240
5.5.4. HENVHEVHDBIE MATEPUADBI «..vvveeiieeiieeieeneanens 240
5.6. MNMakeT cnoeB yKNaAKN Layup .......oeeveeveiniiniiieiieneneennn 247
5.7. Co30aHMNe CBONCTB QJIEMEHTOB .....cvivveeieinininenenennn 249
5.7.1. CeoiicTtBa anemeHTOoB Rod, Tube
MCUNVEA TUDE ... 251
5.7.2. CeoiicTBa anemMmeHTOB Beam, Bar
MCUrved Beam ......ooieiiii 253

5.7.3. CeoiicTBa anemeHTa Spring/Damper .............. 258



10 Copepxarme

5.7.4. CeovictBa anemeHTa DOF Spring.........ccoceveenee. 259
5.7.5. CBonctBa aneMeHTa GAP.......cocovviviviiiiieeen, 260
5.7.6. CeoiicTtBa anemenTa Shear Panel .................... 260
5.7.7. CeorictBa anemeHTOB Plate, Bending Only,
MEMDIANE ... s 261
5.7.8. CBoncTBa anemMeHTa Laminate ........................ 262
5.7.9. CeoiicTBa anemeHTa Axisymmetric .................. 264
5.7.10. CowictBa anemeHTa Solid.........cccoevvivivienennnn. 264
5.7.11. CBonctBa a1eMeHTa MasSS ........ccccevvvevivienennnn. 265
5.7.12. CeowictBa anemeHTa Slide Line...........cceven.n.. 266
5.7.13. CoiictBa anemeHta Weld/Fastener............... 266
5.8. Co3paHue y310B U 9N1IEMEHTOB MO OOHOMY ........ccune... 266

5.8.1. CO30aHNE Y3IOB .....uiuiviiieeiieieiieeeieeee e 266
5.8.2. CO30aHMNE SNEMEHTOB ...vuvivieeinineneraneeinienenenns 268
5.8.3. CospaHne anemMeHTa GAP ..........oooeiiiiiiinenne. 273
5.8.4. CospaHune n npumeHeHne Rigid-anemMeHToB..... 275
5.8.5. Co3paHue anemeHTa Slide Line ....................... 288
5.8.6. Co3paHune anemMeHTa coeauHeHus
Weld/Fastener........ovviiiiie 291

Maea 6

Cpen.CTBa aBToMaTU3nNpoBaHHOro co3gaHuns

CETOK KOHEYHbIX 3JIEMEHTOB ...........cc.cviieininiinnne. 298

6.1. Co3paHune ceTok Ha reOMETPUYECKNX OOBEKTAX .......... 299

6.1.1. KomaHabl ynpaBneHus napaMmeTpamMmm CETKMU ... 299
6.1.2. KomaHapbl pasbueHns reoMeTpuyeckornm

Y [0 Y <Y 11 PP 314
6.2. Co3paHue ceTok 6€3 MCNONb30BaHNSA FTEOMETPUN ....... 322

6.2.1. MocTpoeHune ceTkn B 061aCTn Mexay

D2 L= 1Y, P 322

6.2.2. [loCTpoeHWe CeTkM NO 3a4aHHbIM rpynnam

12 110 = P 323

6.2.3. [locTpoeHe cBSA3e Mexay y3namm

Y [0 Y <Y 11 PP 324

6.2.4. CospaHune ceTkm B NPOM3BOJIbHOM 06NacTu...... 327

6.3. MOONMPUKALMA CETOK .uenrinirieninieeieeieeeeeeaeeneaeeneanans 328



CopepxaHue 11

6.3.1. PEeOakTUPOBAHNE CETKM .uuvvnerneineineaeaanannaannns 328
6.3.2. [epepasOmEHNE CETKM ......oeueriinereeeieeeeeeanen. 329
6.3.3. OUNCTKA CETKM . euiniiiiiieiiei e 330
6.3.4. PegakTnpoBaHue napaMmeTpoB CETKM
Ha UMMNOPTUPOBAHHON FTEOMETPUM ..evvveenineienaienaannnn 331
6.3.5. CospaHme OkaHTOBOK 1 pebep XECTKOCTMU........ 331
6.3.6. CrNaXNBAHME CETKM ...cuuineriniiiieeeeieeeeeeanen, 333
6.4. KONMUPOBAHUE CETOK. euuvruirereresienienetnennsnnaniannennenneen 333
6.5. Co3gaHue ceTok BblaaBAMBaHMEM, BPaLLEHNEM
U BBITAMTUBAHUEM ...euinininititaeiteteeeeieeeeneteneaeaeanenenenas 334
6.5.1. Co3paHune ceTok BblOAB/IMBAHUEM................... 334
6.5.2. Co3paHne CeTOK BPALLEHUNEM..........c.cevevnenennen. 337
6.5.3. Co3paHune CeToK BbITAMMBAHUEM...................... 337
Mmasa7
MoaenupoBaHue COeOUHEHUMN................................ 338
7.1. ABTOMaTM4ECKNI MOUCK N CO3OAHNE COEANHEHUN ....... 340
7.2. Co3gaHne coeguHeHnin Ha OCHOBE NMOBEPXHOCTEN
(0] 2 =L - PP 341
7.3. CBONCTBA COEANMHEHMSA .. eveeeeaeeaeiaeieineaneanennenneaneeneen 342
7.4. 3apaHne KOHTAKTHBIX CEMTMEHTOB .....ccuvvvninerineanennnen. 342
7.4.1. Bbibop 06bEKTOB, ONPEeaensaoLmxX CErMeHT ..... 344
7.5. Co3gaHne coeguHeHnst N KOHTaKTHOW Napsbl ........... 344
7.6. Co30aHNE OOBEMA KULKOCTU ..vvvrveeeieniienenaneeieienens 345
7.7. Co3aaHNE CErMEHTOB BONTA ...ceuvvniiniiiiiieieieieeneenne, 347
7.8. CO30aHNE CEMMEHTOB POTOPA «vunvnrneneeneeneeneeneenaenens 347
aesa 8
Harpy3ku h rpaHUYHbIC YCIIOBUS ............ceevnnaenannnen. 349
8.1, TUMDBI HATPYBOK vuevneeneeeeeieieeeeeeaeaneaneaneeneaneaneeneeneen 350
8.2. Co3pgaHue n aktneaums BApuaHTa Harpy30K................ 353
8.3. OBBEMHBIE HATPYSKM e ueeneeneeneenaeneeeaeeneansanaaneaneenenneen 354
8.4. Y3/10BbIE€ HATPYSKM .uvvneeneeneaneeneeneeeeeaneaneenaanenneeneenaen 356
8.5. ONEMEHTHBIE HAMPYBKM e uevneineeneeeeeieieaaaneaneaneeneenen 359

8.5.1. CBa3b Mexay y3M10BbIMU U 31EMEHTHLIMM
HAMPYSKAMUY .ttt e e 360



19 CopepxaHue

8.6. HENMMHEMHBIE CUBI....cvieeeeee e e e e e e 362
8.7. TeOMETPUHECKNE HATPYSKM ..vuevnaeneeereieanaanaanannesnennen 363
8.7.1. HAarpy3KM B TOUKE ...uevnieneeeeieieieieaieaneaneaeanae 364
8.7.2. Harpy3Kuy Ha KPUBOM......cuueeeieieinaaanannaanaannn 364
8.7.3. Harpy3ku Ha MOBEPXHOCTM ....vuevnevnaanaanarnannaannss 366
8.7.4. lNprBeneHne reoMeTpNYECKNX Harpy30K
K Y3/I0BbIM 11 QNIEMEHTHBLIM HArPY3KAM ...evvveneeanennanen. 367
8.8. 3apaHne napamMeTpOB HENMHENHOrO
VN ONHAMUNYECKOTO HATPYXKEHUS ..eveviieieeieeeenean 367
8.8.1. MNapameTpbl HENMHENHOIO HArPYXXEHUS. ............ 368
8.8.2. MNapameTpbl AUHAMUYECKOIO HAarpyXeHus........ 372
8.9. MaHMNYyNMPOBAHUE HATPY3KAMM ..cvvevneeneenaenaeaanannennnss 381
8.9.1. Co3paHune HOBOro BapmaHTa
KOTIUPOBAHUEM ...vteieeeiateeneteeeteeeeaaae e e ee e aens 381
8.9.2. CospaHme KOMOVHALNIA HArPY30K. ....ceueeueennnne. 381
8.9.3. CospaHme Harpy3okK 13 BbIXOOHbIX OAHHbIX ...... 382

8.9.4. NpeobpasoBaHne Harpy3ok
CO CBOOOAHOrO Tena B Harpy3ku BapuaHTa

HATPYKEHUIS 1. eieiteaee et e e e e e e e aens 384
8.10. TPAHNYHBIE YCIOBUS .. evuevieineeeeeeieieeieaeaneaaeaneaneanen 385

8.10.1. Co3pgaHue n akTuBauus BapmaHTa

FPAHNYHBIX YCIIOBUM ... euiveiaieeee e e e e e e e aens 385

8.10.2. Y3510BbI€ 3AKPEMIEHUS c.uvvneeeineinaaeaaanaanannnns 385

8.10.3. Micnonb3oBaHne CUMMETPUN MOLOENMN ............ 387

8.10.4. 3akpenneHns HA TEOMETPUN ....cevvvnernaenaenannnsn 389

8.10.5. NpuBeneHMe 3akpensieHnin Ha reoMeTpumn

K Y3JTOBbIM 3AKPEMIEHUAM . ...uiviitiiieaeeeenenanneenannns 391

8.10.6. MaHunynupoBaHne 3aKPEMIEHNAMMU.............. 391

8.10.7. YPABHEHMUSA CBABM ..vuivneeeeieiaieeeaaaaananeanaen 391

8.10.8. )XecTkme anemeHTbl HA OCHOBE YPaBHEHNI

(o= P 392

8.10.9. AnropunT™m HanoxeHns cea3en

HA NEPEMELLEHUA YBITOB ... euteniteeneneeneneeneneaneneaneneenens 393

8.10.10. MNOCTOSAHHDBIE 3AKPEMAEHNS ..cvuvvnaenaaaraanaennsn 395

8.11. PepakTtop gaHHbIX HA NoBepxHOCTAX — Data Surface



CopepxaHue 13

Maea9
YnpaeneHue oto6paxeHuem mogenu
U PEIYIIBTATOB .....uiiiiiiiiiiiit ettt eeaas 403
9.1. KoMaHa BbIOOPA BULA ...cuvueneeinaeienarienereenaneeneneenannns 404
9.1.1. OTobpaxeHne Moaenu 1 BbIBOP AaHHbIX
0N OTOOPAKEHUA MOLEIIN ..cveviviieeeeeee e 405
9.1.2. OTobpaxeHne pe3ynbTaToB HA MOOENM ........... 406

9.1.3. OTo6paxeHne Harpy3sok Ha ceoboaHoe Teno.... 411
9.1.4. BbiBOA rpadpurKoB pe3ynbTaToOB pacyeTa

U OYHKUMOHANbHbIX 3aBUCUMOCTEN MOAESN ............. 412
9.2. KomaHpa 3agaHms onuyin UB00PaXKEHNS .........eeueennen... 415
9.3. KomaHpa HasHavyeHns BUOUMOCTM OOBbEKTOB............... 421
9.4. CTpyKTypa BbIXOAHbIX HAOOPOB AAHHbIX .....cveveveennesn.. 422
9.5. MaHMNYNMPOBAHUE PE3YNBTATAMM ...uvnnenenanaanannannes 428
9.5.1. Co3paHue n akTmBaums HabopoB 1 BEKTOPOB
PEBYIIBTATOB ..ututitteineneneneneneteteeeeieaeeeenenaneeeeaanenensn 428
9.5.2. CospaHue BbIXOOHbIX AAHHbIX 1 3aN0JIHEHME
BEKTOPOB PESYITBTATOB ... ueutenaeenanenanenaneenanreneneenees 430
8.5.3. MaHunynnpoBaHne gaHHbIMN BEKTOPOB
PEBYIIBTATOB ..ututitieeneneneneteneteteeeeieaeeeenenaneeeaaenenensn 432
9.5.4. O6paboTka KOMMIEKCHbIX BEKTOPOB ................ 440
Maea 10
CTtpykTypa BxogHoro ¢gaina nporpamMmmbi
Nastran u napamMeTpbl aHANMNU3A ..............ccevneeennnnnen. 444

10.1. CtpykTypa BXxogHoro darna nporpaMmmbl Nastran...... 445
10.1.1. Cekuus ynpasneHus BbINOJIHEHNEM

LTV 1= 1 1< S 445
10.1.2. Cekumsa ynpaBaeHnsa pacyeTHbIMA

CITYHAAMM . .ttt aaeenan 446
10.1.3. Cekuusa OCHOBHbIX UCXOOHbIX OAHHbIX............. 446
10.1.4. NapameTpbl ynpaBneHus

MOCNEeN0BATENIbHOCTBIO PELUEHUS «.eunnieiiieeeieieenenenss 448

10.1.5. 3anncb cMMBOMOB, LIEJbIX 1 BELL,ECTBEHHbIX



14 CoaepxaHme
10.1.6. Y3IIbl couiiiiiii e 450
10.1.7. CUCTEMbI KOOPOMHAT ...vveeieeienenenereaeaenenns 450
10.1.8. OnemeHnTbl BNX Nastran .............cocoeeveiennn. 451
10.1.9. 3apgaHne CBOMCTB MAaTEPUANIOB ......ceveeneennnnnes 455
10.1.10. CTaTNYECKME HATPY3KM ovveveieiaaaeiaaaanaannns 456
10.1.11. 3akpenneHnsa nepemMeLLeHnin
B OTOEIIBHBIX YBJTAX 4 .tutntntitanineneienianaeneaeeaeeneneeaananens 457
10.1.12. CBA3b NepeMELLEHNI HECKOSIbKMX
V2] 110] = R PP 457
10.1.13. lNapamMeTpbl HENNHENHOrO pacyeTa —
KapTaNLPARM ... ..o, 457

10.2. Tpynnbl CTEMEHEN CBOBOODI ...ceunevvneiinieiiniaeinaaeann 459
10.2.1. OnucaHue rpynn cteneHen ceoboapl ............. 459
10.2.2. M'pynnbl cTeneHen ceoboabl
MPU GUHAMUNYECKON PEAYKLUMU ...veeeieaiaiaaeieaeanenanes 462

10.3. MNoarotoBka napamMeTpoB aHanM3a — Co3aaHune
BAPUAHTA QHAITNBA .. eeuieenateeneieenaneaneneeneneaneneeneneeens 463
10.3.1. CTpyKTypa BapnaHTa aHaMN3A .....cuevnenenennnnnn. 465
10.3.2. Onumn pasgenos BapnaHTa aHanmaa ............. 468
10.3.3. NapameTpbl HEAMHENHOIO aHanNn3a —
noapasnen Nonlinear Options .........cccooeviiiiiiinnne. 470
10.3.4. NapameTpbl MOgaNbLHOrO aHann3a —
noapasnen Modal/Buckling .........ccocovviiiiiiininnnnn. 472
10.3.5. NapameTpbl AMHAMNYECKOrO aHanm3a —
noapas3nen Dynamics ..o 474

Maea 11

3apayuvm CTaTUKU B JINHENHOM

MOCTAHOBKE ......ouiviiiiii e e e e e e ae e 477

11.1. PacyeT nnacTUHbI C OTBEPCTUEM ...vvvrieininiiinaaenennns 478

11.2. AHaNN3 NPAMOYIOSIbHOTO KECCOHA. . ..uvueeneaneanaenannnn. 485

11.2.1. Co3pgaHue pac4eTHOW MOLEeNn KeCcCcoHa

M PELLUEHMNE CTATUYECKOM 3A0AUM .uenenvnenanananaaiananenenn, 486
11.2.2. AHanns pe3ynbLTaToB pacyeTa

MPAMOYFONIBHOTO KECCOHA .. vvnveenaeeaneieeeneineneanenaanns 492



Copepxanue 15

11.3. NMpobnembl codyeTaHns anemeHToB Beam

MIMEMDIaNe ... 495
11.4. MooennpoBaHne KOHCTPYKLU M
13 KOMMNOSULMOHHBIX MATEPUANOB ...vveeneeneeneeneanaannnnn 498
11.4.1. JByXOCHOE pacCTKEHNE MAACTUHBI ............... 498
11.4.2. MogenvpoBaHue TPexXCronHbIX 000/104eK —
KOHCTPYKLMN C 3ANOSTHUTENEM ...evvvinineiineieneaenennenn 503
11.4.3. AHanm3 UUAnMHAPUYECKO 060N0UKN
[ Ec (o] VI nTo k] i - PP 506
11.5. AHanua pacnpeneneHns ycuani B 3akyierno4yHom
=P 516
11.6. PacyeT He3akpenaeHHbIX KOHCTPYKUUM .......ueeneenennnsn. 518
11.6.1. PekoMmeHpauum rno BbiI6opy KNHEMATUYECKMX
CTEMEHEMN CBODOMDI. .. ucvuitneiiiieeeeieeeeeeeaaeeaaeaaeanas 522
11.6.2. KOPPEKTHOCTb PELUEHUS c..vvveeviieieeeieeeanen 522
Maesa 12
HenuHenHbi cTaTUYECKNA aHaANU3
KOHCTPYKLIMM ....ooutiitiiiiiiiiiei et e e e eans 524
12.1. PeweHne 3a0a4m 3anpecCOBKN UVINHAPA ........u.en.... 525
12.1.1. OCOBEHHOCTN MOAENMPOBAHNSA ..ceuvvnerrnaannnns 527
12.1.2. AHANN3 PESYNBTATOB .uvneeneeneeneeneeneeneeneenaennas 5833
12.1.3. MogennpoBaHue KOHTaKTa ¢ MOMOLLbIO
annapata ConNecCt........ccovviiiiiice e 585
12.2. AHann3 ocTaTouHbIX edopmMaLmin peccopsl ............. 536
Maea 13
PelleHne KOHTaKTHBIX 3a8AY............coccvnevineeinaennnnn 547
13.1. PeweHne 3apa4m KOHTakTa TpyObl U BTYSIKU .............. 548
13.1.1. MogenupoBaHne KOHTaKkTa aneMeHTaMu
Sl LINE e 549

13.1.2. AHann3 pesynbraToB No anemeHTy Slide Line.. 556

13.1.3. MogennpoBaHue KoHTakTa cpeacTesamu

CONNECT. . 557
13.2. AHann3 KoHTakTa B oTBEpPCTMM anemeHTamm GAP ...... 561



16 Copepxarme

Maea 14
AHanNus3 yCToM4YMBOCTU U HECyLLel CNOCOOHOCTH ... 564
14.1. JINHENHbIV aHANTNS YCTONUMBOCT M. ...enveeeeneieeieneanen 565
14.2. PacyeT noTepun yCTOMYMBOCTU LIMAUHOPUYECKON
OBOMOUKM ettt et e e e e e e e 572
14.2.1. Co3gaHune pac4yeTHOM MOAENU 1 aHaNn3
YCTOMUUBOCTM MO DMTIEPY weevenenieneeneeneeieeieeneeneenenn 573
14.2.2. AHann3 pesynbLTaTtoB pacyeTa NnoTepu
Ve 0] 17 1=To o3 1 R PP 575
14.3. NoTeps yCTOMYMBOCTM KOHCTPYKLMIA, paboTatoLLmx
HA PACTIKEHUE «.vtiiieiiit e e ee e e e aens 578
14.4. ledopmMaumMOHHbIN aHaNU3 YCTONUYNUBOCTU ............... 581
14.5. YCTONYMBOCTb UMANHOPNYECKOW OOONMOHKN ............... 582
14.6. AHann3 HecylLLer cnocoOHOCTN CTPUHIEPHO
[ E= LY 11 P 585
14.7. AHaNM3 CUCTEM C NPOLUENKUBAHNEM ......cvvenivenannannn. 590
14.7.1. AHanns 3aKpuUTN4ECKOro noBeaeHus
MOSIOFOM OBOJIOUKM ..eviitieesiei e e e e e ee e e e aaanas 592
14.8. BbIMONHEHNE PECTAPTOB . ..uvtvnitieneneenineaneneaneneaaenaanens 596
14.8.1. \lcnonb30oBaHWE PECTAPTOB B HEMHENMHbIX
0= ToT < = 598
14.8.2. AHann3 3aKpUTUYECKOro NoBeaeHns
KOHCTPYKLWI C UCMOJSIb30BAHMEM PECTAPTA ....vvvvenene. 601
Maea 15
DOparMeHTaAUNA MOLCTIM.............coveeeeeieeeeeeeaeeannnn 604
15.1. lMonyyeHmne rpaHn4YHbIX YCNOBUA ANng dparmMeHTa
N3 aHANMN3A NMOJTHOM MOLEIIM ...eneiviteriiieieeeeieeaeaenanens 608
15.2. PelueHmne cTaTuyeckux 3agad ¢ MICNosib30BaHMEM
MOAKOHCTPRYKLIMM ..eeeeeee et et e e e e ee e e eaeaeaeaeeneenas 614
asa 16
AVHaMny4Yecknini aHanInN3 KOHCTPYKUUM.................... 618
16.1. YPaBHEHUSA OBUKEHUS ....uenieiiniieieeeieeeeeee e 619
16.1.1. Cuctema c ogHoOM cTeneHbio cBo6Oabl ........... 620

16.1.2. Cuctema co MHOTMMM cTeneHs M cBOOOabI
1 npobnema COOCTBEHHbIX BHAYEHUMN ...........ccvenennenen. 626



Copepxanue 17
16.2. AHanNn3 COO6CTBEHHbBIX POPM N HACTOT .evvvvvrvnennnnnnn. 632
16.2.1. BblumMcneHme coOCTBEHHbIX (POPM
M 4aCTOT KBAAPATHOM MNACTUHDI «.euenenieineianeeieieenenanns 633
16.2.2. CobcTBEHHDBIE POPMBbI M HACTOThI
npeaHanpPAXKeHHbIX KOHCTPYKLMM .....vuvueieiiiieiaieanen 635
16.3. AHaNM3 NePexXOHbIX MPOLECCOB .........veueeeenereenenennn. 637
16.3.1. MeTop pa3noxeHus no cOOCTBEHHbIM
DOPMAM .. 640
16.3.2. MeTon NpAMOro MHTErPUPOBAHUS ................ 642
16.4. HaCTOTHBIN QHANMNS OTKIINKA evvvenerenanienaneenenenneneanns 645
16.4.1. KonebaHus KOHCONbHOM BaNKN..........ceuennen... 645
16.4.2. KonebaHus naoeanm3npoBaHHOro NPsiMoro
(540 >0 2= 650
16.5. CNeKTPaNbHbIMA QHAMNS .....vueeeeeeeeeeeeeeee e eeeneeneens 655
16.5.1. TeHepaunst CNEKTPa OTKIMKA «...evueenerneenennannns 659
16.5.2. NpunnoxeHne CnekTPa OTKAMKA ....ovueeneeneennannes 665
16.5.3. AHanM3 CENCMNYECKNX BO3OENCTBUMN............. 669
16.6. lNMprMeHeHne NOOKOHCTPYKUMIA B 3ada4ax
ONHAMUKU. TTPSMOM MaTPUYHBIA BBOL, «.uvvvuveeearanananen. 674
16.6.1. MeTon Penea—Putua.........coooovviiiiiiiiiiiienns 675
16.6.2. Pegykuusa no lanaHy — MeTof cTaTtn4yeckonm
KOHIEHCALMM ... ettt et et et et eteeeeaeeaeaeeeeaeaeeeaneneanens 675
16.6.3. [NOKOMMNOHEHTHbIA CUHTE3 DOPM ....eevevnnannen 677
16.6.4. NpMeHeHne NPIMOro MaTpMYHOro BBOAA...... 678
Maea 17
HenuHenHbIN ANHAMUYECKMM aHAJNIUS .................... 683
17.1. MopennpoBaH/e KOMNpOoBbIX UCTbITAHUIA
PECCOPHOIMO LLUACCU euvuinititaeeieeeeeneeeeeeteaeaneneneenanns 684
Maea 18
ONTUMMN3aUUNA KOHCTPYKLUMM ..o, 694
18.1. O6wwas popmynmpoBka NpobaeMbl ONTUMU3ALUN ..... 696
18.2. O630p ONTUMUBALMOHHON MOAENM......eveeneenaanannnnen. 703
18.3. CospgaHune onTMMn3auOHHOM MOAeNn
B NporpaMMe FEMApP .......cooviviiiiiiiee e 704
18.4. ONTMKU3auUnsa TPEXCTEPXKHEBOMN DEPMBI ........veuevee.. 708



18 Copepxatme

18.5. lNpoekTmpoBaHne oNTUManbHOW OKAHTOBKN

OKOHHOTO BBIPE3@ -t teeeeieaeaeteteeee e eeeeeeneaeeeaeeeenen 711
18.6. OnTMKU3auus cTbika UMNNHOPNYECKOWM
1 cpeprnveckon NOBEPXHOCTEN ODONIOUKMU ................. 723
Masa 19
AHANNB OLLUMOOK............eiiiiiiiiiiiiiiiie e 732
19.1. Mnoxas 06yCnoBAEHHOCTb W BbIPOXOEHHOCTb
MATPULBI XKECTKOCTM ceuvniteneeneieteeneeneaeteeneeneeneanenaennes 733
19.2. BhisiBNneHne MexaHn3mMoB U1 BbIPOXOEHHbIX
cTerneHen CBODOAbI B MO ... . uuureneninenananeeeaeenenenns 738
19.3. NprMeHeHne HENMHENHOIO BUAA aHann3a
Ons nonydeHns 6onee yCToM4MBOro peaynbrara ........ 740
19.4. AnarHoctuka owmdbok B NX Nastran.......................... 742
Masa 20
OCHOBBbI BbIMOJIHEHUS TEMJIOBbIX PAC4Ye€TOB............ 749
20.1. AHanN3 NPOYHOCTN YHETOM TEMMNEPATYP «.vvvvvrvnrrnnnnnes 750
20.2. Moaenb Ang TeNJIOBOIO PACHETA ..ucuvuenerenerenarnennnne. 751
20.2.1. KOHEYHBIE 3JIEMEHTBI ...vueeeieieieaieaaiaaiaanas 752
20.2.2. MATEPUAMDBI «.vueveieieieeeeee e e e e e e e e 753
20.2.3. Harpy3sku v rpaHUYHbIE YCIIOBUS........eueenee. 753
20.2.4. HauyasnbHbIE YCIOBUS ... c.ueeeeeieieiaaeaiaaaaanann 754
20.3. MpurMmep BbINONHEHNS TEMIOBOIO PACYETA ....uvveneen. 755
20.3.1. CTtaumoHapHbI TEMIOBOW PACHET ........uuennen.. 755
20.3.2. HecTaumoHapHbIA TEMIOBOW PACYHET .............. 757
20.4. AHann3 NPOYHOCTM NPU OENCTBUN TEMIOBbIX
2= L ) V< T ] 760
20.4.1. TennoBOW pacyHeT OBO0SIOYKN .....vurnarnaenaanannns 761
20.4.2. CtaTnyeckuin pacdyeT 060104k
MNPV TEMMEPATYPHOM HATPYXKEHUM ...ceninninieiaienenenenss 764
CNUNCOK JINTEPATYPDI.....coovieiiiiieiiiieeeieeeee e e 766

MpPpeaAMEeTHBIN YKASATEIb..............ooevieieeeiiiiieeee e 768



Npeoncnosue

B nacrosiiee BpeMsi METO/I KOHEUHBIX JIEMEHTOB CJIY;KUT YHUBEPCAJIb-
HBIM CPEIICTBOM aHaJIN3a KOHCTPYKIMI, U cpeau MHOTOOOpasus CAD/
CAM/CAE-tiporpamm nakeThl KOHEYHO-2JIEMEHTHOTO aHAJIN3a UTPATOT
HanboJjiee OTBETCTBEHHYIO PoJib. st X 9 (HeKTHBHOTO IPUMEHEHNS,
B orsinune or CAD/CAM-cucrem, tpebyercst osiee mpodeccuoHanbHast
MOJITOTOBKA, YeM JIJIsI M3ydYeHUus] nHTepdeiica U CTaHIAPTHBIX TPUEMOB
paboTsl. [eJ1o B TOM, 4TO THOKOCTH METO/Ia KOHEYHBIX 3JIEMEHTOB 00ecie-
YMBAETCSI MHOTOBaPUAHTHOCTBIO CITOCOOOB MOJEIUPOBAHUST KOHCTPYK-
K. ATO BJedeT 3a cOO0M GOJBINYI0 BEPOSITHOCTD MOSBJICHUST CKPBITHIX
omMbOK, TO €CTh CUTYAINH, KOT/Ia Pe3yJIbTaT aHAIN3a JJUOO0 HEJOCTHKIM,
6o abeypieH, b0 HeoObICHNM, JI00, 4TO CaMOe OMACHOE W PACcIpo-
CTpaHeHHOe, TPaBAoNoA06eH, HO HeBepeH. YToObI ¢ OOJIBIIOI BeposT-
HOCTBIO TIOJIYYUTh JOCTOBEPHBIH M OOBICHUMBIH Pe3yJbraT, OT ITOJIb-
30BaTeIsl MAaKeTa KOHEYHO-2JIEMEHTHOTO aHaji3a TPeOYIoTCs 3HaHUe
[PUHITAIIOB U METOJ[OB PEAJU3AIIK 9TOTO METO/Ia, IJIyOOKOe MOHUMaHKe
MEXaHUKH [TOBEACHUS KOHCTPYKIIMIA B UCIIOJb3yeMOil 00J1acTi aHaIu3a,
BJIQJICHHE METOIaMU OCTPOEHIS MOZEIH JIJIsl HeOOGXO0AMMOTO aHAIN3a 1,
HAKOHEII, BJIaJIEHNEe METO/IAMU BBISIBJICHUST (DOPMATHHBIX U (haKTHUECKUX
ormmboK.

B cymurHocTH, He MMeET 3HAUEHHUsI, KAaKOH TTaKeT MCIOJIb30BaTh, YTOObI
OCBOUTD PacyeT KOHCTPYKITI METOZIOM KOHEUHBIX JIEMEHTOB. DTO MOTYT
ObITh U3BECTHBIE KOMMepuecKkue naketsl, Harnpumep ANSYS, NASTRAN,
MARC, ScadSoft, wau nporpaMmbl, pazpaboTaHHble B Hallleil cTpaHe:
JIVAHA, MAPC, PUITAK. Hemmoxum crocoboM MOKET CJIY;KUTh Ha-
mcanue coOGCTBEHHOTO MAKeTa, PEAU3YOIIEro MeTOl KOHEYHBIX 2JIeMEH-
TOB. Bce /1710 B COOTHOTIIEHUY «KaueCTBO/TIEHay, T/Ie «I[eHa» — 9TO BPeMsi
OCBOEHHsI, a «KaueCTBO» — KOJIMYECTBO 3HAHUU, MPUOOPETaeMbIX BaMU
B TIpoIiecce U3yYeHUsl.

OpHUM W3 JIy4YIIUX COOTHOIIEHUI «KauecTBO/IieHa» 0bJIagaeT mpo-
rpamma Femap co BctpoennbiM pemnratesieMm NX Nastran (Femap with
NX Nastran). [IpeamniectBenHuKOM aTOTO TakeTa siBJsiyica naker MSC.
visuaNASTRAN for Windows, KoTopbIii paccMaTpuBaJicst B TIEPBOil KHI-
re aBropa. Femap with NX Nastran umeer 10cTaTOUHO IUPOKITE BO3MOJK-
HOCTHU JIJTSI CO3JIAHMSI T€OMETPUYECKON W KOHEYHO-IJIEMEHTHON MOJETN
CaMbIX Pa3sHOOOPA3HBIX KOHCTPYKIIUH, MO3BOJISIET BBIMOJIHSTH TTPAKTH-
YeCKH JIOBIE BUIBI aHAI3a U, 4TO KUMEET 0COOYIO IIEHHOCTh, OTITHMU3H-
pOBaTh MapamMeTpbl KOHCTPYKIITMH TIPU 33/[aHHBIX OTpaHndYeHnsIX. Koneu-
HO-3JIEMEHTHAsT MOJIEJIb C KPAE€BBIMU YCJIOBUSMH U YCJIOBUSIMUA aHAJIM32
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nojrorasuBaercst B cpege Femap. 3arem TpeOGyeMblil aHAIN3 BBITIOJIHS-
etcs B NX Nastran, a pe3yJibTaTbl BU3yaJIU3UPYIOTCS U IOKYMEHTUPYIOTCS
B cperne Femap. Pemartenp NX Nastran nMmeet MpakTUUeCKN OTTHAKOBBIT
unTepdeiic ¢ Bepcusmu nmporpaMmM MSC Nastran m M D Nastran. [ToaTo-
MY 9TH MIPOTPAMMBI TAKJKE MOTYT OBITh TOAKJIIOUEHBI B KAUeCTBE PelmarTe-
Jgieit. TIporpamma anasnusa Nastran Hauasa pa3pabaThiBaThCsI B CEpeIUHE
60-x ros10B, Korja WHTepdeiic Moab30BaTe s CBOAMIICS K BRIBOLY JHO0 Ha
nevararliee ycTpoicTBo, 1mbo Ha TIoTTep, b0 Ha mepdoparop, a BBOI
ocytecTBIsiics ¢ nepdorapt. C Tex mop uHTepdeiic MporpaMMbl He Me-
HSIETCST,  JIJIsI TIOAATOTOBKI MOJICJIH U 00PabOTKHU PE3yIbTaTOB pacyera 1c-
HOJIB3YIOTCST Tpaduueckue 060m0uKkd. Kak mpaBuio, sTu MporpaMMbl siB-
JISTTIOTCST HE3aBUCUMBIMU TTPOTPAMMHBIMU TIPOLyKTAMHU W OPUEHTUPYIOTCS
Ha HECKOJIBKO pelnaTesiell ¢ Pa3naHoOl CTETIeHbI0 COBMECTUMOCTH. [l
nporpaMm MSC Nastran u MD Nastran opHo# 13 TaKUX 000JI0U€EK CIIYKUT
nporpaMmma MSC.Patran, obecrieunBaroIiasi MOJHOCThIO HHTETPUPOBAH-
HYTO CPELY [Tt MOJICTUPOBAHMS M aHATTN3a PE3YJIBTATOB. JTa MPorpaMMa
B 90-¢ To/1bI OblJIa OPHEHTHPOBAHA Ha PAbOUKe CTAHIUE, UMEIOIIHE TOTA
6oJiee BBICOKYIO ITPOU3BOAUTEIBHOCTD, YeM MEPCOHATBHbBIE KOMITBIOTEPHI,
u paborana B cpere UNIX-mogo6HBIX OTEPAIl[HOHHBIX CHCTEM. PasyM-
HOU anbrepHarnBoit MSC.Patran B kauectBe rpadudeckoil 060J04KN
nist Nastran MoKeT CJrysKMTh nporpamMMa Femap, opreHTHpOBaHHas Ha
MIePCOHAJIbHBIE KOMITBIOTEPBI ¥ olleparnoHHbie cucteMbl Windows. Bbi-
6op TOU WM WHOU 00OJIOUKU 3aBUCUT OT TPEAIIOUTEHUI TTOTb30BATES.
[Tockonbky mHTEpdelic mporpammbl Femap mo-mpesxHeMy He TO03BOJISET
MOJIYYUTh JTOCTYI KO BCEM BO3MOKHOCTSIM Nastran, oco6eHHO B 00J1acTi
ONITUMU3AINK KOHCTPYKIMH, mpeanosaractest, uto MSC.Patran GoJiee
MOAXOUT JIJIsT TIPO(ECCUOHATBHOTO UCTI0/b30BaHus1, HO Femap ymobeH
JUIST CAMOCTOSITEJIBHOTO M3YUEHUs, TaK KaK UMEET MPOCTON U JAPYKETH00-
HBIT uHTEpdeiic. B 3TUX cpaBHEHUSIX HE YYUTHIBAETCS, YTO OCHOBHAS
CYITHOCTH TIPU MCTIOJIb30BAaHUU TAaKeTa KOHEYHO-2JIEMEHTHOTO MOJIEJH-
POBAHWUSI COJIEPSKUTCS BCE-TAKU B TIPOTPAMME aHAJIN3a, KOTOPas B TAaHHOM
cIyJae uMeeT OJ[HU U Te ke KOpHU. C MosSBIeHUEM MHOTOIPOIIECCOPHBIX
KOMIIBIOTEPOB ¥ TIOBbITIIeHNEM (P (DEKTUBHOCTH YMCIEHHBIX METO/IOB TIPe-
UMYTIECTBA TOW WJIM WHOU KOH(UTYPAITUH MaKeTa KOHEYHO-)IEMEHTHOTO
aHaJN3a, ¥ PaHbIIIE IOCTATOYHO YCIOBHbIE, CTAJIN HOCUTh CUMBOJIMYECKUT
xapakrep. [TockosbKy 3a1aua 060l pasyMHO CTETIEHU MOAPOOHOCTH Te-
epb MOJKET ObITh PElieHA 32 KOHETHOE 1 HeGOJIBIIOE BPEMSsT, 3HAUUTEIbHO
GoJibllie yCUIUi TpeGyeTcst Ha MOCTAaHOBKY 3ajlaui ¥ MOHMMAaHWE MOJIy-
YEHHOTO pesyJibraTa. B aToM cMbIc/ie MaTepras KHUTH Takke OyeT 1mo-
Jie3eH 1oJib3oBaTe/isiM, paboratonum B cpege MSC.Patran/MSC.Nastran.
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Borpocsl, ¢ KOTOPBIMU CTAJIKUBAETCS HAYMHAIOIIUN TI0JIb30BATEND,
B 3aBUCHUMOCTU OT €r0 UCKYIIEHHOCTU MOKHO Pa3/eINTh Ha HECKOJBKO
TPYIIIL
® YTO TAKOE METOJ KOHEYHDIX HJIEMEHTOB?
e KakiM 00pPa3oOM IMOCTPOUTH PacueTHYI (KOHEYHO-3JIEMEHTHYIO)
MO/JIETTH?
e KaKie KOHEUHBIE JIEMEHThI TIPUMEHUTD U KaKyk0 BHIOPATH CTEIICHb
HOAPOOHOCTH?
® KaKOI BUJ aHAJIM3A TPUMEHUTD JIJIST PEIIEHST 3a/[a9n ?
e KaK MCIPaBUTh (hopMasIbHBIE ONMTHOKU B MOJIEJIH U TIOJIYYUTh KaKoe-
HUOY/Ib peteHue?
® KaK OIEHUTH CTENeHb JOCTOBEPHOCTU PEIIEHIIS ?
® KAk IMOJIyYUTH PEIIeHNE, BRI3bIBAIOIIEE JOBEPHUE?
® KaK MHTEPIIPETUPOBATDH MOJYYEHHOE PEIeHe?
MHorue moJib30BaTesNn, B KOHIE KOHIIOB, JOBOJBCTBYIOTCSI OTBETAMMU
Ha BTOPOH ¥ TSTBINA BOIPOCHI. JlefCTBUTEIBHO, TIYOOKOE 3HAHUE METO/Ia
KOHEYHBIX 9JIEMEHTOB, XOTSI €r0 HAa3BaHWE BHIHECEHO HA TUTYJI IIPOTPAMM,
He siBJsieTcst HeoOXoauMbiM. OBJajieHne CPeICTBaMU MOJICTMPOBAHUST
reOMETPUH U MOCTPOEHUS PACUETHBIX MOJIENIEH caMo 1o cebe TpebyeT 3Ha-
YUTETbHBIX U MCYEPIBIBAOIINX YCUIUN. MOIIHOCTD TPOrPaMMbI aHAJHU-
3a rapaHTHUpPyeT MPAaBUIBHOCTD PE3yJIbTaTa, ¥ IBETHOE U aHUMIPOBAHHOE
n300paskeHne HAMPSIKEHHO-1e(OPMUPOBAHHOTO COCTOSTHUST KOHCTPYKITAN
BBI3bIBAET foBepre. K coKameHo, 9T OUeBUIHBIE BBIBO/IBI SIBJISTIOTCST 3a-
GJIy KIIEHIEM, a TIOUCK U 3HAHUE OTBETOB Ha MOCJEIHNE TP BOTIPOCA SIB-
JITIOTCST KJIIOUEBBIME TIPU UCIIOJIb30BAHUH MTAKETA KOHEYHO-2JIEMEHTHOTO
anasnmsa. OcBoenne porpaMMbl Nastran MOJKET CJIYsKUTh XOPOIITUM CTH-
MYJIOM JIJISI U3YYEHUSI PA3IUIHBIX 00JIACTEN TEOPUH YIIPYTOCTH U TIACTIY-
HOCTH, CTPOUTEJIHHON MEXaHUKN, MEXAaHIUKN KOMITO3UITMOHHBIX MaTepua-
JIOB, IMHEIHHON anreOpbl U IPo6JIeMbl COOCTBEHHBIX 3HAYEHUH, IUHAMUKY
U YCTOWYMBOCTU KOHCTPYKITUH, YUCTIEHHBIX METO/IOB PEIIeHUsT HEJTIHEN-
HBIX CHCTEM, OIITUMU3AIn KOHCTpyKitwit. [Ipu atom Nastran numeer cpas-
HUTENbHO HeGOJbINON HaOOP GA30BBIX IMOHATHIAL, KOTOPbE HEOOXOIMMO
YCBOUTb, 4TOOBI HAUATh UCIIOJIB30BATh €T0 B IIPAKTUYECKOI paboTe.
ITpepmaraemMast KHUTA SIBJISIETCSI CYIIECTBEHHOW TepepaboOTKOi mep-
BOIT KHUTH aBTopa «MojgennpoBatue KoHCTpYKInii B cpene MSC.visual
NASTRAN s Windows» [15]. B 1aHHOI KHUTE paccMaTPUBAETCSI Cpe-
na monenmpoBarust Femap v10.2. B mocsenneii Bepcun porpaMMmbl —
Femap 10.3 — nosiBu/ICh HOBbIE (DYHKIIMN aBTOMATHUECKOI 06pabOTKY
reOMETPUHN, KOTOPbIE TIO3BOJISTIOT PaboTaTh ¢ TBEPAOTEIBHON TeOMETPUEH
BBICOKOI cTereHn caoxkHOCTU. [Ipm aToM cylecTBEHHO BO3pOCia CKO-
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