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8 Onmcarme MK ANSYS

1.1. AcTtopusa: aTanbl pa3sBuUTUS
NnpPorpamMmMHOro Komruiekca

Bort yske 6osee 30 siet mpoaykTst Kommanuu ANSYS mpoKo UCITOb3YI0TCST Ha PHIHKE
CIIEIMATM3UPOBAHHOTO MTPOrPAMMHOTO obecriedeHust. B TeueHre aToro BpeMeH! KOM-
nanuss ANSYS HenpepbIBHO COBEPIIEHCTBYET CUCTEMBI YMCJIEHHOTO MOJIETUPOBAHUS
IS IIMPOKOTO KPyTa OTpacJiell pOu3BOICTBA.

Jloxrop [I:xon Csencon ocuoBan pupmy ANSYS, Inc. B 1970 1. ¢ 11es1pt0 KOMMED-
[UAN3ANNNA METOJI0B KOMITLIOTEPHOTO MojeanpoBanusi. CBEHCOH OIHUM U3 MEPBBIX
BHEJIPUJT KOHEUHO-3sieMeHTHBIN aHams FEA (Finite Element Analysis) B WH;KeHEpHOE
porpaMMHOe 0GecIieyeHre, YTo CII0COOCTBOBAIO CTAHOBJICHHUIO WHILYCTPUH KOMITHIO-
TepHOTO TIpoekTupoBanus. B 1971 . peasimsoBana Bepcust 2.0 cucteMbl KOHEUHO-3JIe-
menTHOTO anasmsza ANSYS, a yxke B 1975 1. peasn3oBaHbl KOHEUHBIE 2JIEMEHTBHI ISt
pelleHts TeOMETPUYECKU HEJTMHENHBIX 1 TEPMOIIEKTPUUECKUX 3a/1a4.

B 1981 1. ANSYS paspabarsiBact Bepcuto ITK st pabounx cranumii. B 1983 .
BIIEPBbIE PEATN30BAHBI BO3MOKHOCTH TI0 aHAIU3Y JEKTPOMArHUTHBIX 3a1a4. B 1985 .
nosieasiercst HelpOnline, a Takike BOBMOKHOCTH TTapaMeTPUYECKOTO aHAJIN3a 1 pellie-
HUA 3a1a49 OIITUMU3AINN KOHCprKHI/Iﬁ.

B 1987 . ANSYS BriepBble peanusyeT IBETHYIO rpauKy B KOHEUHO-DIEMEHTHbIX
pacyerax, B TOM K€ TOJY MOSIBJISIIOTCS TIEPBbIE MHOTOCJIOWHDBIE KOHEYHDIE HJIEMEHTHI.
B 1991 r. B ANSYS peasinzoBatbl BO3MOKHOCTH PeNIEHUST 3a/1a4 BHIYUCIAUTENbHOM TH/T-
pomuramuru CFD (Computational Fluid Dynamics) Ha HeCTPYKTYPUPOBAHHbBIX CETKAX.

B 1995 r. ANSYS cranosutcs nepBoit hupmoii-sengopom FEA- u CAE-cucrem, ko-
topast nostyunsia ceprudurar [SO 9001. B 1998 . ANSYS paspabarbiBaeT aJropuTMbl
ABTOMATUYECKOTO TIOMCKA U OIPEIEIEHNUST 30H KOHTAKTHOTO B3aMMO/IEICTBUSI.

B 1998 . sxypuan Business Week sxiouaer ANSYS, Inc. B Top100 «Hot Growth
Company» — cnucok HauboJiee OBICTPO pacTyIIUX Kommauuii. B Tom ke rogy ANSYS
npuobperaet komnanuto Centric Engineering Systems, pactupsist BoamoskHocTt ANSY S-
software Ha MOJIe/TUPOBaHIE MHOTOCBSI3HBIX 3a1a4 (Multiphysics Modeling) w npumete-
HEEe BBICOKOITPpousBoanTE bHBIX cricteM (High Performance Computing — HPC).

B 2004 r. ANSYS npeomonesaer 6apbep B 100 man ypasnenuii. B 2005 r. paspaboran
monyab Fluid-Structure Interaction (FSI), MO3BOJISIIONIMI PeIaTh CBSI3aHHBIE 3aa4M
B3aMMO/IEIICTBUSI TBEPAOTO TEJIA C JKUIKOCTHIO U Ta30M.

IMocae npuobperenus 8 2006 r. muposoro augepa CFD-cexropa Fluent, Inc. komna-
nust ANSYS, Inc. cranoButcs ugepom CAE-pbiHka.

B 2007 r. ANSYS paspabatsiBaet 1epByto Bepcuto MoayJst Multibody Dynamics,
a B 2008 1. mpeotosieBaeT anoxabHbI pyOex B 1 Mupa stueek B 3ajgaue CFD-ananusa.

CerojiHst BeLyIine MPOMBIIIJIEHHBIE KOPIIOPAIIMY MUPA CYUTAIOT TPOrPAaMMHOE 06ec-
nedeHne ANSYS HeoTbeMIeMOil 9acThIO CBOMX BBICOKOTEXHOJOTUIHBIX M HAYKOEMKITX
mpou3Bo/ICTB. B umcsio kinenToB ANSYS BXOAWT TiepBast leCATKa MPOMBIIIIEHHbBIX
KOPIOpAIHii U3 4rc/a cTa HarboJiee MPOIBETAININX KOMITAHUHA MUPa, yOIHKYEeMbIX
B pyOpuke «Global 100» xypaana Fortune Magazine. ITK ANSYS wucnosnbsyercss Ha
TaKNX M3BECTHBIX NMPeAnpuAaTuax, kak ABB, BMW, Boeing, Caterpillar, Daimler-Chrysler,


https://ru.wikipedia.org/wiki/ABB
https://ru.wikipedia.org/wiki/BMW
https://ru.wikipedia.org/wiki/Boeing
https://ru.wikipedia.org/wiki/Caterpillar
https://ru.wikipedia.org/wiki/Daimler-Chrysler

CTpyKTypa NporpammHOro KOMNAEKCa Q

Exxon, FIAT, Ford, 6enA3, General Electric, Lockheed Martin, Meyer Werft, Mitsubishi,
Siemens, Alfa Laval, Shell, Volkswagen-Audi u aip.

Ceroanst ANSYS — 910 MotHas 1 y06Has TPOrPaAMMHAst CHCTEMA, KOTOPAst ¢ KasK-
JIOH HOBOW Bepcueil IpeocTaBIser Bee Gosee 00IMPHbIE BO3MOKHOCTH JIJIst KOMITbIO-
TEPHOr0 MOJEJUPOBaHKA (PU3NYECKUX IIPOIECCOB. B HacTosIeM 1ocoOMu Mbl pac-

CMOTPUM OCHOBHbIE MHCTPYMEHTBI aKTyaJbHOM Ha cerofusmHuil nenb Bepcun [IK
ANSYS 17.

1.2. CTpyKkTypa nporpamMMHOro Komnsekca

ITK ANSYS — 9T0 MHOTrOII€JIEBOI MTaKeT MPOTPaMM JIJIsT YUCJIEHHOTO MOJIEINPOBAHNS
(buU3MUECKUX MTPOTIECCOB U SIBJIEHUIT B 00JIACTH TIPOYHOCTH, IMHAMUKHI JKUKOCTEN U ra-
30B, TeMJIO(MDU3NKH, dITEKTPOMATHETU3MA, aKyCTHUKU.

Marematudeckue MOJIesIN, OMUCHIBAOITIE (hU3UIECKHE TPOIIECCHI, & TAKIKE YUCIICH-
HbIE METO/[bI PEIIEHN 33/1a4 PeaJTN30BAHbI B KOMIIOHEHTAX IIPOTPAMMHOTO KOMILIEKCA,
HAa3bIBAEMBIX pernaTesasamMu. JlocTyn K penatessiM OCyIeCTBASIETCS ¢ TTIOMOTIBIO TIPH-
JIOJKEHUT, UMEIOTMX TpauuecKuii mob30BaTebCKUil nHTEpdeiic, HasbiBaeMbIX 060-
Joukamu. Takxke B cocTaBe TTPOTPAMMHOTO KOMILJIEKCA TIPUCYTCTBYET PsiJi BCIIOMOTa-
TeJIbHBIX MPUJIOKEHUI, OTBEYAIONINX 32 yIIPABJIEHNE BbIYUCIUTENbHBIM MPOIECCOM,
XpaHeHUe JaHHBIX U APYTHE 33/Ia9H.

B 3aBucuMocTH OT (DU3UKK paccMaTpUBAEMON 3aiaun TpeGyeTcst BBIOPATh MOIX0-
JSIIUN PeliaTesb — IPOrPAMMHBIN KOMIIOHEHT (MOJYJIb), B KOTOPOM Peajin30BaHa He-
06XoIMMast MaTeMaTHIeCKast MOJIE/Tb, 4 TAKIKE YNCICHHbBIE METOIBI €€ PEITeHUSI.

B ITK ANSYS mnpe/ncraBienbl MHCTPYMEHTBI JIJIsI IPOBEIEHUS CJIEIYIONIUX TUTIOB
aHaIN3a:

1. Fluid Mechanics — MopenupoBanue TeueHnil KUAKOCTH U ras3a. [103BoJIsIET HC-
CJIEJIOBATH MIUPOKUH CIEKTP MPOGJIEM IHAPOTA30AMHAMUKHN, BKJIIOYAsA CTAI[HO-
HApHbIE ¥ HECTAI[MOHAPHBIE TEYEHUS, CKMMAEMble U HECKUMaeMble TedeHUs],
HEBsA3KHWE, JIAMUHAPHBIE W TypOYJEHTHBIC TEYeHUs, MHOTOKOMIIOHEHTHbBIE
1 MHOTO(A3HbIE TEUEHUS], TEUEHUS C XUMUYECKUMU PEAKITUSMU, TEUCHUS Yepes
nopucTbie cpezibl 1 T.71. JInneiika momyseit ANSYS n1s1 mpernipoiieccunra, periie-
HUST ¥ 00pabOTKY PE3yJIBTaTOB B 3ajlauaX TH/APOTA30JNHAMUKY BKJIIOYAET MO-
ayau: Fluent, CFX, Icepak, CFD-Flo, Vista TF, Icem CFD, TurboGrid, TGrid,
BladeModeler, CFD-Post.

2. Structural Mechanics — MozenpoBanue 3a1a4 JMHAMUKKA U IPOYHOCTH, BKJIIO-
yasd JTUHEUHBIN CTaTUCTUYECKUI aHa/IN3, CIeKTPAIbHbIA U TADMOHUYECKUN aHa-
JIN3, OTIEHKY TTOTE€PH YCTOWIMBOCTH, MEXaHUKY pa3pymeHws. JInHelika Momyeit
ANSYS nuis pemenust 3aj1au MexaHuku jie(hOPMUPYEMOTO TBEPJIOTO TeJia BKJIIO-
yaer: Static Structural, Transient Structural, Rigid Dynamics, Steady-State
Thermal, Transient Thermal, Linear Buckling, nCode, Harmonic Response,
Random Vibration, Modal, Response Spectrum, Explicit Dynamics/AUTODYN.

3. Electromagnetics — pacuer paginioaJIeKTPOHHBIX KOMIIOHEHTOB ¥ YCTPOUCTB, WH-
TErpaJIbHbIX CXEM, AHTEHH, JIEKTPUYECKIX MAIIUH, [IPUBOIOB, CUJIOBOI JJIEKT-
POHUKH, CHCTEM aBTOMATHKH, TPAHC(POPMATOPOB, SJIEKTPUIECKUX HaTapeil u Jip.


https://ru.wikipedia.org/wiki/Exxon
https://ru.wikipedia.org/wiki/FIAT
https://ru.wikipedia.org/wiki/Ford
https://ru.wikipedia.org/wiki/General_Electric
https://ru.wikipedia.org/wiki/Lockheed_Martin
https://ru.wikipedia.org/wiki/Mitsubishi
https://ru.wikipedia.org/wiki/Siemens
https://ru.wikipedia.org/wiki/Alfa_Laval
https://ru.wikipedia.org/wiki/Royal_Dutch_Shell
https://ru.wikipedia.org/wiki/Volkswagen_Group
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JIuHelika TPOTPAMMHBIX TPOJYKTOB JIJIsl PENIeHUs 3a1a4 3JeKTPOMEXaHUKH
Briiouaet: Maxwell, RMxprt, PExprt, Simplorer.

4. CBsI3aHHBIE PACUETHl — MOJIEJTUPOBAHME 337124 HA CTBIKE PA3IMYHBIX Pa3/eT0B
(pusukm, HarpuMep B3auMOENCTBUSA TIOTOKOB SKUIKOCTH WJIH Ta3a CO CTPYKTY-
pamu (FSI). ITo3BosigeT TpoBOANTL MHOTOAMCITUTIIMHAPHBIN aHAJIN3, OCHOBAH-
HBIH HA COUYETAHNW PA3JTUYHBIX TUTIOB PeIiaTeseil.

Kak npaBuiio, Kak/plil peliaTesib COOTBETCTBYET OTIEJIbHOMY IIPIJIOKEHIIO B CPe-
ne porpaMMbl. OOpaliieHre K TOMY M HHOMY PEIIaTeso, a TakKe B3alMOIeHCcTBIe
MESKILY HPUIOKEHUSIMHE OCYIIECTBJSETCS ¢ HOMOMIbIO pacyeTHOH obosoukn ANSYS
Workbench.

1.3. NMNnartdopma Workbench

ILiatdopma Workbench nmeer MozyIbHBII IPUHIIKIT OIICAHKS PACYETHOTO MIPOEKTA,
YTO MO3BOJISIET HATJISIJTHO MPEJICTABUTH TTOCIE0BATETbHOCTD TIPOBEIEHUST BCEX pacye-
TOB, a TAK)KE CUCTEMATU3UPOBATH U XPAHUTH MTOJyUYE€HHBIE PE3YJIBTATHI.

IMosbzoBarenbeknit unrepdeiic Workbench (puc. 1.1) comepsxur ciemyromiue ma-
HEJTW U OKHA:

1 — okno Project Schematic, B koTopoM oToGpakaeTcst cxeMa IpoeKTa, BKIYA0-
1mas Habop UCIOJIb3YEeMbIX B IIPOEKTE MOLYJIEH U IPUJIOKEHHI;

2 — maHesb UHCTPYMEHTOB 00beuHseT 00IHe HACTPOIKU 1 OIIUU [IPOEKTa, I10-
3BOJISIONINE TIPOUBBOUTH omepanuu ¢ (aitimaMmu (OTKPBITh, COXPAaHUTh, aPXUBUPO-
BaTh ¥ T. JI.), HACTpAaUBaTh BUJ O0TOOpaskeHUs rpaduueckoil HHGOPMAIMU B IIPOEKTE,
yCTaHABJIMBATh IJI0OAJIbHBIE HACTPOMKK JJISi OTJAEJbHBIX MOZYJIEH IPOEKTa, BKIKOUYast
pemaresnu (CBOWCTBA UMIIOPTA U AKCIIOPTA TEOMETPUUECKUX MOJIEJIeH, BO3SMOKHOCTU
HOBBIIIEHKS TIPOU3BOAUTEIbHOCTH BBIYMCIEHII 1 T. 1I.), @ TAK/Ke BBIOUPATh €IUHUIIBI
U3MEPEHUs, MCIOJIb3yeMbIe B IIPOEKTE, 1 MHTErPUPOBaTh B pabouyio cpepy coOCTBEH-
HbI€ TIPOTPAMMHBIE TTPUJIOKEHUS (PACHIMPEHUS );

3 — manenb Properties cojiep:KuT omrcanyie CBOMCTB BblieJIeHHOTO B okHe Project
Schematic o6bexTa. TTo yMOIUaHUIO TTaHEb CBOMCTB CKPbITAa U BBI3BIBAETCS OJIb30-
BaTeJIeM Yepe3 KOHTEKCTHOE MEHI0 BhIOpaHHOro oObekTa. ITanenb npeacrasisier coboil
TabIMIly U3 ABYX CTOJIOIOB. B mepBOM CTONOLE MEPEUNCISIOTCS Ha3BaHMs CBOWCTB,
a BO BTOPOM — MX 3HaueHus. Bce cBOIiCTBa UMEIOT HEKOTOPBIE 3HAYCHMS, 3a/JAHHBIE TI0
ymosrdanuio. Eciii sHaueHne kakoro-imbo cBoiicTBa 0ToOpaskaeTcs Ha cepoM GoHe, TO
OHO He MOKET ObITh UBMEHEHO MOJIb30BATEIEM;

4 — manesib Toolbox oToOpaskaet Bee AOCTYITHBIE MOJIYJIN U TIPUJIOKEHUST, HTHTETPHU-
posanHbie B cpeny Workbench. HaGop mocTyHbIX MOyJIell 3aBUCKHT OT THIIA JIUIEH-
3unu ANSYS.

[Manens Toolbox Beerja BKIIOYAET 11T Pa3/iesIoB:

1) paszgen Analysis Systems coaepKuT roToBble MabJIOHbI sl PA3JIUYHbIX TUIIOB

YUCJIEHHOTO aHaau3a, HarpuMep st cratudeckoro ananusa H/IC koHcTpyk-
[[UH, aHAJIU3a MOTEPH YCTOWYMBOCTH U T. J. Kak MpaBusIo, KasKAbli mabsioH
umeer sapo B Buje onpegesentoro pemarens (Fluent, CFX, Static Structural
U T. [.), @ TAKJKE BKJIIOYAET BCIIOMOTATEThHBIE MOLYJIH TSI TIOJTOTOBKY FeOMET-
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Puc. 1.1. MHTepgeric Workbench

puueckoii mogenu (Design Modeler), koHeuHO-3/1€eMEHTHON WIM KOHEYHO-00b-
emuoii Mmogenu (Meshing), saganus csoiicts matepuanos (Engineering Data)
u mocTobpaboTku pe3y asratoB pacuera (Results).

Ha puc. 1.2 uso6paxen npumep mabnaona Fluid Flow (Fluent) aia monenupo-
BaHUs TeYeHUH JKUAKOCTH U rasa ¢ ucioJb3oBanueM pemaresis Fluent. [{ust go-
GaBJieHUs MTabJIOHA B TIPOEKT JOCTATOYHO TIEPETANIUTH eTo ¢ maHeau Analysis
System B pabouee npocTpaHcTBO 1poekTa Project Schematic. Crout orMeTuTs,
YTO OJHOBPEMEHHO B PabOUYeM MPOCTPAHCTBE MPOEKTA MOKET HAXOIUTLCS He-
OTPaHNYECHHOE KOJUUYECTBO TMA0TOHOB, MEKILY KOTOPBIMI MOTYT GBITh YCTAHOB-
JIEHBI CBSI3U (HAIIPUMED, AJIT MEKAMCIIUTIIIMHAPHOTO aHAJII3A);

pasznen Component Systems BKJIIOYAeT OCHOBHbIE W BCIIOMOTATEIbHbIE MO -
JIU, UCTIOJTh3yeMble TIPH pellieHrn 3aj1ad. Tak, B pabouee MPOCTPAHCTBO TIPOEKTA
MOJKET OBITh OTAETLHO T06aBICH KOMIIOHEHT JIJIst TOCTPOEHUST TEOMETPUIECKOT
MOJIeJIH, TOCTOOPABOTKI PE3YJIBTATOB U T. J1.;
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|E Analysis Systems

{3 Fluid Flow [CFX)
@ Fluid Flow (Fluent)

[E Modal 2 |§@ Geometry 2

fz Static Structural 3§ Mesh =

g Stead}'—StateThern'llal 4 ﬁ Setup =

Transient Structura -

ks ) 5 Solution 7

E Transient Thermal -
6 | @) Resuis =

Component Systems

Custom Systems Fluid Flow (Fluent)

Design Exploration

External Connection Systems

Puc. 1.2. Heobxoaumsbie atarbsl MOAE/NPOBaHUS

3) B pasaese Custom Systems cojiepsKaTcst TOTOBbIE CBS3KHU MTa0JIOHOB JIJIS peliie-
HUS MEKIUCIUIIIMHAPHBIX 3a1a4. Hanpumep, komonent Thermal-Stress no6a-
BUT B IIPOEKT /IBa CBA3AHHBIX IMa0JI0HA — CTAIIMOHAPHBIN TEILIOBOI aHAIN3 1 OC-
HOBAHHBIN Ha €TO pe3yJbTaTaX CTATUYECKUI aHATU3 TPOYHOCTH. /7151 peneHust
CBSI3aHHBIX 33J1a4 MOKHO TaK/Ke MCII0Jb30BaTh MMabI0HbI 13 paseaa Analysis
Systems, BpyuHYIO yCTaHABIMBAS MEKIY HUMW CBSI3U;

4) paspgen Design Exploration mo3BoJisieT penrath 3aaui ONTUMHU3AIMN J1JIsT Tapa-
METPOB, KOTOPbIe 3aai0Tcs B uHrepdeiice Parameter Set (1abop napamerpos);

5) pasuen External Connection Systems 1o3BoJISIET HHTErPUPOBATH MOJIb30BATEb-
CKW€ BHENIHUE MTPUJIOKEHUS U TIPOIIECCHI B TPOEKT.

Jlasiee mpuBeseM KpaTKuii 0630p OCHOBHBIX MOJYJIEH ¥ TIPUIOKEHUI, HCTTOIb3Ye-
Mbix B ANSYS Workbench s oarotroku u nposeieHus 4iC/AeHHOTO aHaJIi3a.

Engeneering Data — wntepdeiic mist ympaBienust 6a3oil JaHHBIX (HUWIECKUX
1 MEXaHUYECKUX CBOMCTB MAaTEPUAJIOB,  TAKKE BXOIHBIX TTAPAMETPOB MAaTEMATUIECKITX
Mojiesielt.

Design Modeler (nyuxr Geometry B pasaeie Component Systems) — npuJo-
JKeHme 71 co3nanus reomerpudeckux 2D /3D-moneneit. Takxe Moayb MoXKeT pa-
60TaTh ¢ UMIIOPTUPOBAHHON U3 cTOPOHHUX CAD-KOMIIEKCOB TeoOMeTpUEil: TT03BO-
JISIET UCTIPABJISATD 1Ie(PEKTHI B TEOMETPUN, U3MEHSTH UJIU YIIPONIATh TEOMETPUUECKYIO
MOJIEJIb.

Meshing (mynkr Mesh B pasnene Component Systems) — MHOTOGDYHKITHOHATD-
HBII CETOYHBIHN TPETPOoIeccop, KOTOPBIHM TTO3BOJISIET TEHEPUPOBATh BBICOKOKAUYECTBEH-
HbIE€ PACYETHBIE CETKU B aBTOMATUYECKOM PEKUME JIJISI PA3JUIHBIX THTIOB WHKEHEPHO-
ro aHau3a. Mo/IyJb IPEJOCTABISET IMUPOKUIA HaOOP MHCTPYMEHTOB JJISI TOCTPOEHHUSI
PaCUETHBIX CETOK HA OCHOBE TPEYTOJIbHBIX M YE€ThIPEXYTOJBHBIX 3JIEMEHTOB 17151 2D-Mo-
Jlelell 1 Ha OCHOBE TETPa’/[POB, TEKCA3APOB WJIH TMHPAMUAAIbHBIX HJTEMEHTOB JIJIsT
3D-mMopesneit. B mporpaMMe 3a/10:KeHbI aTOPUTMBI JIJIST TOCTPOEHUST CTPYKTYPUPOBAH-
HBIX M HECTPYKTYPUPOBAHHBIX PACYETHBIX CETOK, a TaKKe BO3MOKHOCTH KayeCTBEH-
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HOTO paspelieHus] PacUeTHON ceTKU BOJIM3U TBEP/BIX CTEHOK M APYTHX 0COOEHHOCTEN
MojieJel, YT0 0COOEHHO BasKHO JIJIs THAPOAMHAMIYECKOTO aHa IH3a.

Static Structural npesHasHaueH IS PEIIEHUsT 3324 MEXaHUKH J1e(hOPMUPYEMOTO
TBEPJIOTO TeJia B CTAaTUYEeCKOU 1mocTanoBKe. IIpu nciosib30BaHn KOMaHIHbIX BCTABOK Ha
a3pike APDL (yHKIMOHAI MOLYJISE MOKET ObITh PACIIUpPEH /ISl PellieHust, HarpuMep,
CBSI3aHHBIX 33124 (TEPMOYIIPYTOCTh, IOPOYIIPYTOCTD, ATEKTPOYIIPYTOCTH U T. 1.).

Transient Structural — MoyJib 11 peleHus 3a4a4 JMHAMUKE KOHCTPYKImid. Oc-
HOBAaH Ha HESIBHBIX CXeMaX WHTETPUPOBAHUS YPABHEHUIT ABIKEHIIS.

Explicit Dynamics/AUTODYN/LS-DYNA — Mo/yJii1, OCHOBaHHBIE Ha SIBHBIX Pe-
MIATEJISIX JIJIST PacyueTa 3ajlad AMHAMUKYA KOHCTPYKIHIT U MOZIEJTUPOBAHUST OBICTPOTIPO-
TEKAIONUX HeJMHEHHBIX TIPOIECCOB: BBICOKOCKOPOCTHBIX YAAPOB, Tpo6uTHii, hparmeH-
TaIIH, Pa3pyIIeHs 1 T. 1.

Rigid Dynamics rmpeiHazHadyeH U1t MOETMPOBAHNST THHAMUKH MO/IBVKHBIX CHCTEM,
MexaHu3MoB. KuHemMarnka MexaHu3Ma OIMCBIBAETCS IyTEM 3aaHusl CUCTEM KOOPIH-
HAT, CBSI3aHHBIX C JIETAJSIMU, U BEIOOPA MTAPAMETPOB, KOTOPbIE OTHO3HATHO OTPEIETISIIOT
B3aUMHOE TOJIOJKEHME JleTajiell 1 KOH(pUrypaimio Bcero Mexanuama. [lepemeniennst e
OIICBIBAIOTCSA ypaBHeHuamu apuxkenns B popme Keiina [4], uTo obeciieunBaeT BbICOKYIO
TOYHOCTH ¥ CKOPOCTH PEIIEHNUST 3a/[aUN.

Steady-State Thermal/Transient Thermal — anaius ycraHOBUBILIETOCS /HECTALO-
HAPHOTO TEIIOBOTO I0JISI HA OCHOBE PEIIEHUs YPABHEHUST CTAIlMOHAPHOI/HeCTAno-
HApHOU TETJIONPOBOHOCTH.

Fluid Flow (CFX) npeaHasHaueH Jjig pelieHns 3a1ad THAPOAUHAMUKHU, a TaKKe
3a/1a4 COIPSIKEHHOTO TeriooOMeHa. [103BOJIsSIET MOJIETUPOBATD MIMPOKUI CIIEKTP (Hu-
3WYECKUX TIPOTIECCOB B SKUIKOCTAX ¥ Ta3aX, TAKUX KaK HECTAIIMOHAPHOCTD, TYPOYJIeHT-
HOCTH, MHOTOKOMITOHEHTHOCTh ¥ MHOTO(A3HOCTh CPE/bl, XMMUYECKUE PEaKIHH, pa-
JMAIIOHHOE M3JIYUYeHIEe, aKyCTHYECKIE BOJHBI U T. [, XOPOIIO 3apEKOMEHI0Ba ce0st
B 3a/[a4ax TYypOOMAIIUHOCTPOEHUSI, TJie HEOOXOIMMO MOIETUPOBAHUE TEUECHIIT JKUIKO-
CTell 1 TA30B B YCJIOBUSIX BPAIIAIONIUXCS MEXAHU3MOB.

Fluid Flow (Fluent) nmeer ananornunpiii Mmozayso CFX dyHKIMOHAI, OJHAKO CO-
nepRuT GoJiee MUPOKUH CIIEKTP MOZIEJICH 1 METO/IOB JI/IsT MOJICTIMPOBAHMUST TECUEHU I € XU~
MUYECKUMU peakimsiMi. Takske 06Ja1aeT BCTPOEHHBIM PEAKTOPOM PACUYETHBIX CETOK.

Electric — MozepoBatue 3IeKTPUUECKUX MMOJIEl OCTOSTHHOTO TOKA B MPOBOJI-
HUKaX.

Thermal-Electric — cranoHapHbIN 3JIEKTPOTEPMUYECKUN aHAJINS, TTO3BOJISTIOIIUIT
HCCJIEIOBATD [IPOIECCHI TEILTIOBBIIEJIEHM [IPY TPOXO0XKIEHIH IEKTPIHYECKOTrO TOKA 110
MPOBOIHUKY, & TAK)Ke TIPOIECCHI TETLIIOTIEPEHOCA B TBEPIBIX TeJax.

Modal — MozabHbI aHAIU3, pacdyeT COOCTBEHHbBIX 4acTOT U (hOPM KOJIeOaHN.

Harmonic Response — rapMOHUYeCKHIT aHATTU3 JIJIST OTIPEIeJIEHUST OTKITMKA KOHCT-
PYKIINU Ha [efiCTBUE TAPMOHUIECKUX HATPY30K. [103BOJISIET OIEHUTD HETATUBHbBIE 1T0-
CJIEJICTBUSI BEIHYKIEHHBIX KOJIEOAHWIT — PE30HAHCA, YCTATIOCTH U T. JI. PACCUNTHIBAIOTCS
TOJIBKO YCTAHOBUBIIMECS] MOJIbI KOJIEOAHUI B OTIPe/IeJIEHHOM JIUATIa30HE YaCTOT.

Response Spectrum — ananus OTKJIMKA KOHCTPYKIIMK HA JA€NCTBIE TUHAMUYIECKUX
HArPy30K, 33[aHHbIX aKceseporpaMmoii. C OMOIIbIO JINHEITHO-CIIEKTPAIBHOTO0 METO/IA
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OIPE/IEISIIOTCS MaKCUMaJIbHbIE OTBETHBIE YCKOPEHHsI OJHOMACCOBON KoJIeOaTeIbHOIT
cucrtembl. MlcrionbayeTcs 77151 pacyeTa CeCMOCTONKOCTH COOPY>KEeHUH.

Random Vibration — amnanm3s oTkIMKa KOHCTPYKITMHA Ha IEWCTBHE CAYYalHbIX BUO-
PaIMOHHBIX HArPY30K. [IprKiabiBaeMas HarpysKa 3a/1aeTcs ¢ MOMOIIBIO BEPOSTHOCT-
HBIX BEJTMUITH.

Pa6ora B ANSYS Workbench ocyrecTsiisiercs: B MHTEpaKTHBHOM PeKUME Yepes Tpa-
dbuueckuii mospsoBarebekuii uarepdeiic GUI (Graphic User Interface). Onrako 601b-
IIHHCTBO TPUJIOKEHHH, MHTETPUPOBAHHBIX B CPELY, MOJKET padOTaTh KAk B MHTEPAKTHB-
HOM, TaK U B TakeTHOM pexkume. Hampumep, mist paborsr ¢ ANSYS Mechanical mosker
OBITH UCITIOJIB30BAH TEKCTOBbI (hailn Ha s3bike APDL, comepsKalinii KOMaHbl st MO/
TOTOBKH W 3aITyCKa HA Pacuer.

1.4. OCHOBHbIE NPUHLUMUNbI peLueHna 3aaad
B Workbench

ITankl perieHus 3aauu B 00IeM crydae MOTYT ObITh OMHUCAHBI CXEMOi, TIOKAa3aHHOI
Ha puc. 1.3.

COSJJ,aHVIe/VIMI'IOpT reoMeTpUYecKon mogenu

MpocTpaHCTBEHHAsH ANCKPETU3ALMSA pacyeTHOW 0bnacTu
(NoKpbITME rEOMETPUYECKON 0BNAcTN CETKON KOHEYHBIX
31EMEHTOB/KOHEYHbIX 06 BEMOB) —> [Ipenpoueccop

Bbibop ¢m3anko-matemaTnieckon mogenu,
onncaHme pacyeTHOW CXeMbI,
3afaHve rpaHNYHbIX U HaYanbHbIX YCIOBWIA

lMpouecc peLueHuns 3agauu,

—>» [lpoueccop
KOHTPOMb 3@ CXOOAMMOCTbIO PELLIEHNSI

O6pabotka 1 aHanu3 pesynsraTtoB —> [loctnpoueccop

Puc. 1.3. Stanbl pelieHns 3aaa4v

IlepBbIM 3TANOM PEIIECHUsT 33/la4U SIBJISIETCSI CO3[[AHUE TEOMETPUYECKON MOJeNn
WM UMIOPT ToTOBOM Mozesnu us croponnux CAD-cucrem. B Workbench st atoro
ucnoJsib3yetrcs Moayab Geometry, KOTOPbII TTO3BOJISET BBI3BATh IpuUJioskeHne Design
Modeler wiu SpaceClaim Direct Modeler.

Ha BTOpoM aTame BBINOJHSETCS TPOCTPAHCTBEHHAsI JAUCKPETU3AINS PACUETHOM
06J1acTH, KOTOPask COOTBETCTBYET WCXOMHON T€OMETPHYECKON MOJEIH, MOJTyYeHHO
Ha npebLyiieM mare. [Toctpoenne pacyeTHON ceTKM MOXKET OBITh BBITOJIHEHO C TO-
Morpio MmoyJeit Meshing u ICEM CFD.
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[lamee B 3aBHCHMOCTH OT THIIA aHAJIN3a, KOTOPBII TIPETIoIaraeTcs NCIoIb30BaTh
B paboTe, MPONU3BOANTCS OMMCAHNE MATEMATHYECKON MOJIESTN U TIOAOMPAETCsT He0HXO0-
UMb pacyeTHbIN Moy ib. Hampumep, i1 pacueTa HarpsizkeHHO-1epopMUPOBAHHO-
ro cocrostaust (HJIC) KoHCTpYKIIUM 1O/ /IeHICTBUEM CTaTUYECKUX HATPY30K CJIEyeT
HCIIOJIb30BaTh MOYJIb Static Structural. Ha ganroM aTamie HeoOX0AMMO 3a1aTh CBOM-
CTBa MaTEPUAJIOB, FPAHUYHBIE 1 HAYAJIbHBIE YCJIOBUS 33/1a4, BRIOPATHh METO/IBI PACUETA,
HACTPOUTD pelaTesib B COOTBETCTBUU C TPUHATON (DU3NKO-MATEeMaTHYeCKON MOJIEJIBIO
U 33/1aTh TPEOYEMYIO TOYHOCTD pacyera.

ITporecc pacdera IBIsIETCS MOJHOCTHIO aBTOMATH3MPOBAHHBIM, OJTHAKO PEKOMEH-
JyeTCs OCYIIECTBJIATh KOHTPOJIb HAJ/l IPOIECCOM PEIICHUS: CJIeUTh 32 MOBEAeHUEeM
pelleHus 1 ero COOTBETCTBUEM KPUTEPUAM CXOJIMMOCTH, BBIBOAUTD HA 9KPAH JIOTTOJIHU-
TeJbHBIE TTAPAMETPHI, TIO3BOJISAIONIIE OIEHUTH HEOOXOANMbIE KOJMYECTBEHHBIE XapaK-
TEPUCTUKU PEIIEHUS, U T. [I.

IToce 3aBeprmenns pacyera HEOOGXOANMO TPOAHATU3NPOBATD MOTYUEHHbIE PE3YJTh-
TATbI U, €CJIM €CTh BO3MOXKHOCTD, CPABHUTD UX C UMEIONUMUCS dKCIIEPUMEHTATbHBIMU
JaHubiMuU. Takske cieryer IOMHUTD, YTO IIOJIy4eHHOe PelleHre He JJ0JIKHO 3aBUCETh OT
pasMepa CETOUHBIX 3IEMEHTOB, YTO OOBIYHO JOCTUTAETCS IPOBEACHUEM CEPUH PACYETOB
Ha CeTKaX Pa3JTNIHON MIOTHOCTH.

Ha puc. 1.2 npencrasien mabaon Fluid Flow (Fluent), KoMIoHEHTBI KOTOPOTO CO-
OTBETCTBYIOT OIMMcanHOI Ha puc. 1.3 cxeme. Pabora ¢ koMmoHeHTaMH MmabIoHa BBITIOJ-
HSETCSI TIOATATTHO: MOCTPOEHIE PACIETHON CETKHM HEBO3MOKHO O€3 MPeIBAPUTETHHOTO
3aJIaHusT TEOMETPUIECKOI MO/IENN U T. 1. HampoTHB KaKI0TO KOMIIOHEHTA B MA0I0MHe
pacrosioxkeHa UKOHKa cTaTyca JaHHOTo KoMIoHeHTa. [lo Mepe 3anosiHeHus 1moyib30Ba-
TeJIeM JIAHHBIX B KOMIIOHEHTaX MKOHKA Oy/eT uaMeHaThes. B tabu. 1.1 npuseneno omu-
CaHWe CTaTyCOB KOMIIOHEHTOB ¥ COOTBETCTBYIOIINX UM UKOHOK.

Tabnuya 1.1. CTaTtycbl KOMIOHEHTOB LUAa6/IOHa

UkoHka Crartyc
w Bce paHHble, Heobxoanmble Ans paboTbl KOMNOHEHTa, NPeaoCTaBeHbl, KOMMOHEHT 0OHOBNEH
e TpebyeTca 06HOBNEHNE KOMMOHEHTA, TaK Kak AaHHble, NPeAoCTaBIEHHbIE APYTMM KOMMOHEHTOM
B KQYeCTBE BXOAHbIX, ObINN N3MEHEHbI
/,; TpebyeTcst 0GHOBNEHNE KOMMOHEHTA, TaK KaK JAaHHble BHYTPY KOMMOHEHTA (IokasibHble AaHHbIE) Oblnn
N3MEHEHDbI
= KOMMOHEHT He roToB K MCMO/Ib30BaHMIO/3aMN0IHEHNIO IAHHBIMUW, TaK Kak He NPEeAOCTaBAEHO HUKAKUX
a BXO[AHbIX IAHHBIX C NPEAbIAYLLErO 3Tana-KoOMMOHeHTa
"? TpebyeTca BBeAEHME AaHHbIX ANS TEKYLLEro KOMMNOHEHTa
= BbinonHsieTca npouecc peleHus
% Mpouecc 06HOBNEHNS KOMMOHEHTA HE BbINOJIHEH N3-3a OLLINGOK
v Mpouecc 06HOBNEHNS/peLLeHns NpepBaH
& B KOMMOHEHTe NPOBEAEHO peLleHne, OAHaKO BXOAHbIE AaHHble bl N3MeHeHbl 1 TpebyeTcs

npon3BecTn NpoLecc peLleHnda NoBTOPHO

B Workbench cymiectByer BoaMoskHOCTH 0OMeHa TAHHBIMI MEXKTY PEIIATEISIMI, Ha-
IpUMep, Ui IIPOBE/ICHUS MEKAMCIUIIIMHAPHOTO aHasm3a. Ha puc. 1.4 mokaszan npumep
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nepeayy JaBIeHNUs B Ka9eCTBe HArPy3KM Ha CTEHKH KOHCTPYKImHu us pemratesns CFD
Fluent 8 pemaresns Mechanical ps nanbHeiimero ncenenoanuss H/IC KOHCTPYKIUN.

CJielyeT OTMETUTB, YTO JIMHUH-KOHHEKTOPBI, COCANHSIONITIE Ia0JI0HBI, MOTYT HMETh
pasnuunbiii Buj (puc. 1.4). B ciyuae coepnnenus moayseit Geometry aByx mabJoHOB
KOHHEKTOP MMeeT KBaZPaTHYI0 (hOpMY, UTO O3HAYAET MCTOIB30BAHNE MOLYIISIMU 00-
MmuX JaHHbX. Kpyriaas ¢dopma KOHHEKTOpa COOTBETCTBYET MEXaHN3MY, KOT/Ia TaHHbIe
OJTHOTO MOJLYJISI SIBIISIIOTCST BXOIHBIMU JIJTSI APYTOTO MOAYJIS.

- A -

1 Fluid Flow {Fluent) 1 Static Structural

2 Q Geometry ? . 2 & Engineering Data +"

3§ Mesh $3 @ Geometry 7.,

% ﬁ Setup F . 4§ Model T,

5 | @3 solution Fa—F ﬁ Setup =

6 @ Results F . 6 . Solution T,
Fluid Flow (Fluent) 7 @ Results .

Static Structural

Puc. 1.4. O6MeH AaHHbIMY MEXAY peLuaTesMmm

ITpu coxpanenun npoekra Workbench B paGouem xatasnore dopmupyercs daiin
MIPOEKTA C PaCIIupeHreM .wbpj, a TAKIKE KATaJIOT, COAEPIKAIMN YITOPSAOUEHHYIO CTPYK-
Typy Cl)aI;,UIOB u BHyTpeHHI/IX KaTaJIOTr OB, COOTBeTCTByIOH_H/IX gTrallaM " I/ICHOJIb3yeMbIM
B IIPOEKTE MOYJIsIM. UTOOBI TIOCMOTPETD CTPYKTYPY (haliIoB 1 MAIIOK POEKTa, He0OXO0-
Mo BbiGpaTh KoMau 1y Files B MeHto View. B HIIKHElT yacTi OKHA [TPOEKTA MOSIBUTCST
TabJIMIA ¢ Ha3BAaHUAMM CO3JaHHbIX (PailloB U UX paciojoKenueM Ha gucke (puc. 1.5).

Wms darina | OupekTopust T x
= ] € D £ L =
1 Name v ce.. v | sz ~ Type - Date Modified ~ Location < -
2 |\ soplaM=3,4,5.ubpy 325KB | Workbench Project File| 12.05.2016 9:01:58 G\
3 |@ Frr.agd a2 2M8 | Geometry Fie 12.05.2016 8:59:40 dpO\FFFM
4 | @ Fre-Lagd B2 2M8 | Geometry Fie 10.05.2016 13:55:22 dpO\FFF-1M
5 | @ Frr2ac c2 2M8 | Geometry Fie 12.05.2016 9:01:50 dpO\FFF-2M
6 |5, desgnPoint.wbdp 87KB | Workbench Desin Poin| 12.05.2016 9:01:58 d4p0

Puc. 1.5. CTpykTypa ¢aiinos n narnok COXPaHEeHHOro npoeKkTa

1.5. UHcTpyMeHT ANSYS AIM

Kaxk mbl Bugum, miardopma ANSYS Workbench nossosiser ontiuMusuposars paboty
MOJIb30BATEJIS 32 CYET WHTErPAIMK PA3HOOOPA3HBIX pelaTesieil i MPUIOKEHIH B e/I1-
HyIo nHopMarmonuyio cpeay. Co3maBas OTaeIbHbIE MAGIOHbBI U CBA3BIBAS UX MEKILY
co001i, MOTb30BATENb TTOJIYYAET JOCTYI K Pa3HOOOPAa3HBIM HHCTPYMEHTAM YHCICHHOTO
aHajmsa B 06JIaCTH THAPOANHAMUKH, TIPOYHOCTH, HJIEKTPOMArHETH3MA, & TAKIKE JIJIS Pe-
IIEHUS CBA3AHHBIX 3a/1a4, HAXOSAIINXCS HA CTHIKE PA3INYHBIX 06JacTell (hU3HKH.
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OpHAKO CEroJHs CTAHOBUTCS aKTyaJbHBIM ObGecIiedeHUe eIUHOTO TPOCTPAHCTBA
MOJIETTUPOBAHUS JIJIST TIEJIBIX KOJUIEKTUBOB MHKEHEPOB U MCCIEI0BATENEH, TOCKOIbKY
IPOEKTHI B 00JIACTH WHKEHEPHOIO aHAIN3a COCTOSIT U3 HECKOJIBKIX TPYAOEMKUX 9Ta-
OB U TPEOYIOT YUaCTHsI CIIEIUATNCTOB M3 PA3JTMUHBIX 0OJacTeil. [lJist yCrenrHoro B3au-
MOJIEVICTBUS PA3JNYHBIX CIIEIUATUCTOB B MH(GOPMAITMOHHON cpejie Kommanus ANSYS,
HauwmHas ¢ Bepcun 16.0, peanmsosana texuomornto ANSYS Immersive Multiphysics
(ANSYS AIM).

ANSYS AIM xoHIenTyasbHO pazsuBaet ugeosoruto obomouxu Workbench u mpe-
JIOCTABJISIET TUPOKUE BO3MOKHOCTHU JIJISI MHOTOJMCIUIIMHAPHOTO Y MEKIUCITUTLIIN-
Hapuoro ananusa. OnHako, B oTdne oT Kiaaccumdeckoro Workbench, koTopsbrii XoTb
U TTO3BOJISIET CBSI3BIBATD OT/IEIbHBIE BUIBI PEIIaTeIel MesKIy cOOOH, HO COXpaHsIeT UH-
Tepdeiichl peniaresiell Kak OTeJbHbIE TPOTPAMMHbBIE ITPOILYKTHI, B TOUM MW WHOU CTe-
IeHU MHTErPUPOBaHHbIe B eAuHyI0 00010uKy, ANSYS AIM naer BOSMOKHOCTD UCIIONb-
30BaTh eMHbBIIH MHTEpdEIiC 11 BCeX TUIOB pacyeToB. XapakTepHoH 0coOEHHOCTHIO
JIAHHOTO TIPOAYKTA SABJSAETCS BOBMOKHOCTD ajlaliTaliii paboyero mpocTpaHcTBa Ipo-
eKTa K TpeOOBaHMAM KOJJIEKTHBA TI0JIb30BaTelel, M03BOJISIONIas KOH(DUTYpPIpoBaTh
Cpely, aBTOMATU3UPOBATh TIPOTIECC PENICHUS 3a/1a4 32 CYET CO3JAHWS TMOBTOPSEMbIX
U PeaKTUPYEMbIX MIa0JIOHOB, CO3/IaBaTh CHENUATN3UPOBAHHbIE IPUJIOKEHMSI.,

Ceronng ANSYS AIM mnpenocrapiisieT BO3MOKHOCTH JIJIsI PellleHUs B €JIMHOM WH-
tepdeiice 3a1au THAPOITHAMIKH, TIPOYHOCTH, TETIO0OMEHA, 3IEKTPOIPOBOHOCTH, CO-
MPSKEHHBIX 33/1a4, TPOBEIEHUS OTITUMHU3AIMOHHBIX PACUYETOB.

Ha puc. 1.6 npusenen rpacduyeckuii untepdeiic ANSYS AIM, B koTopoMm Ha BKJIAI-
ke Study oTo6pakaeTcst CIUCOK TOTOBBIX MIAGJOHOB JIJIST IPOBEICHUST PA3JINIHBIX TH-
OB aHa/M3a. B saBucuMocTi 0T BBIOPAHHOIO MIabJoHa HEOOXOAUMO IPOM3BECTH PSIJI
HACTPOEK, TIOCJIE YeTO MOJIb30BATEb ITOJIyYIaeT TOTOBYIO CXeMY ITPOEKTa.

Unsaved Project - Workbench

Simulation Processes

v Simulation Process Templates

 Named Expressions / Values

Named Expression

Puc. 1.6. Ipapuyeckuii uHtepgeric ANSYS AIM
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Bce pacuetibie MOy T HHTETPUPOBAHBI B €IMHYIO PabOUyIO CPEY C APY/KECTBEH-
HBIM Tpaduueckm nHTepdeiicom, moaromy ANSYS ATM MoryT npuMeHsITh TI0JIb30Ba-
TEJTH ¢ JIIOOBIM YPOBHEM TTOJITOTOBK.

1.6. Nopapepixka Bbl4NCNTENbHbIX N1aTtdopm

ITK ANSYS pa6oraer B cpege onepanuonnbix cucrem (OC) cemeiictea Windows
u Unix. B ta6u. 1.2 npencrasien cimcok OC (64 bit), koTopbie MOTyT OBITH HCIOJIB30-
Baubl 1711 pabotel ¢ ANSYS, naunnas ¢ Bepcuu 16.0.

Ta6suuya 1.2. CoBmectumbie OC-nnatgpopmbi

MNnatdopma (64 bit) 16.0 16.1 16.2 17.1
Windows 7* v v v v
Windows 8.1* v v v v
Windows 10* - - v
Windows Server 2008 R2** 4 v v v
Windows Server 2012 R2 (Standard) v v v 4
RHEL 6.4* v - — _
RHEL 6.5* v v v v
RHEL 6.6* - v v v
RHEL 7.0* - - - v
RHEL 7.1* - - - v
SUSE Linux Enterprise 11 SP2*** v v - -
SUSE Linux Enterprise 11 SP3*** v v v v
SUSE Linux Enterprise 11 SP4*** - - v v
SUSE Linux Enterprise 2012 SPO*** - - - v

* Bepcnu Professional /Enterprise.
** Bepcun HPC Server/Standard.
*** Bepcun SLED/SLES.
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2.1. CpencrtBa NnOCTPOEHUA reoMeTpUu4eckmx
Mopenen

TeoMerpuueckast MOJIEJb — HTO MaTeMaTHYECKast MOJIE]b, OMUCHIBAMOIIAS TCOMETPHUIO
HEKOTOPOTO peaibHOro 06bekta. OCHOBHOE MPeIHAZHAUECHIE TeOMETPHUYECKOM MOIC/IH
B IIPOTPaMMHBIX KOMIIJIEKCAX WHKEHEPHOTO aHa/In3a — OIIMCAaHWE T'PAHUI] pvaeTHOﬁ
obsracTu.

[l co3manms reoMeTprudecKnx Mojeseii ncnonb3yoTres CAD-cnctembr. OcHOBOT
s000it CAD-crcTeMBbl SIBJISIETCST TEOMETPUYECKIE 1potieccop (Habop MPOrpaMMHBIX
KOMITOHEHTOB, PEATU3YIOIINX MATEMaTHKO-TEOMETPUYECKY IO MOJIEID).

ITK ANSYS npemoctaBisieT ciieayromime BO3MOKHOCTH B 00IaCTH TEOMETPUIECKOTO
MOJICTTUPOBAHUST:

®  CO3/IaHUE TEOMETPUU C HYJIS;

e umnopt reomerpun us croporanx CAD-cucrem (AutoCAD, SolidWorks u p.);

® peflakTHPOBaHNE UMIIOPTUPOBAHHON TeOMETPHH;

e JIByHAIIPaBJEHHOE ITapaMeTpryecKoe cBsi3biBaHue ¢ pasinuabimu CAD-cucre-

MaMu (MMTIOPT-9KCIIOPT MOJIEJN ).

OCHOBHBIMU TIPOTPAMMHBIMU MOALYJIsIMUA ANSY'S, HCITONB3YOMUMUCS IS CO3/1a-
HUSI TEOMETPUIECKUX MOJIETICH, SIBJISIFOTCSI:

e Design Modeler;

e SpaceClaim Direct Modeler;

e Mechanical APDL.

SpaceClaim Direct Modeler (SCDM) sigiistercst BerpoenHbiM B ANSYS AIM Mozty-
JieM Juist co3panus u pegakruposanus 3D-reomerpun. SpaceClaim Direct npegocras-
JISIET TMUPOKIE BO3MOKHOCTH JIJISI TapaMeTPU3al[iyl H3HAYAJIBHO HE TTapaMeTpPU3UpO-
BanHOM CAD-monenmu. Moaynbs SCDM sBisieTcst ”HTETpUPOBaHHBIM B cpefry ANSYS
Workbench, mo3BoJisieT 6bICTPO U3MEHSITh KOHCTPYKITHEO HJIU €€ OT/ICJIbHbIE 3JIEMEHTBI
1 OOHOBJISAITH PE3YJIBTAThl MOJIETUPOBAHNSL.

IToMUMO TIEPEUNCTEHHBIX MOYJIEH, (GYHKIUAMEI TEOMETPHUECKOTO MOAETIUPOBA-
HUSL U UCTIPaBJIeHNs Ae(EKTOB TEOMETPUYECKON MOAENN 00JAAt0T JAPYrHAe MOJLYJIH
ANSYS, manpumep cerounsrii reneparop ICEM CFD.

B aToii ritase mbt paccMOTPpUM OCHOBHOI WHCTPYMEHT NOCTPOCHUA TECOMETPUIECCKUX
mozedneii B cpere Workbench — ANSYS Design Modeler.

Teomerpuueckuii mporteccop Design Modeler ocroBan Ha siipe Parasolid u o6ua-
JIaeT BO3MOKHOCTSIMU TapaMerpusanuu reomerpun. Design Modeler sisisiercst camo-
CTOSITEJTHHBIM MIPUJIOKEHIEM U 3alyckaercst depe3 cpexy Workbench us mabionos
¢ nanesu Toolbox.

[TocTpoenne reoMeTpryecKoOil MOJIETH TIPOUCXOAUT ITyTEM BBITIOJIHEHUS TTOCIE/I0-
BaTEJIbHOCTH OTIEPAIlHii, TPOUBBOASAIINX TIPeodpasoBaHust reoMeTpun. Bee aTarbl mo-
CTPOCHUA TEOMETPUUN XPAHATCA B BUJIE I[peBOBHI[HOfI CTPYKTYPBI, 4TO MTO3BOJISAET NU3-
MEHSITh [IePBOHAYAJIbHBIE TTAPaMETPhI B JIF000I MOMEHT CO3/IaHMsI TEOMETPHUH.

Design Modeler mosBoJisieT coszaBaTh reOMeTPHUYECKUE MOJIEIIH ¢ TOMOIIBIO rpadu-
YecKUX MPUMUTHBOB, OTlepaIinii ¢ HUMA 1 UX apaMmeTrpryeckoro onucanus. [loctpoe-
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Hre TBeproTenbHoN Moe B ANSYS BO3MOKHO ¢ TOMOTITHIO KOMOMHATIINH IBYX BapH-
AHTOB: IIPU TIOMOIIIM HabOPa rOTOBBIX IPUMHUTUBOB U MPUMEHEHSI OYJIEBBIX OllepaIinii
K HUM WJIA TIPYA TIOMOTITH TTOCJIEI0BATETHHOTO HEPAPXUUECKOTO TIOCTPOEHHUS 2JIEMEHTOB
MOJIEJIV, HAUMHAS C OIIOPHBIX TOUEK, 3aTeM JIMHWIA, CIIJIAHOB U Jlajiee TBePIbIX TeJl.

Design Modeler pacmiosaraer cpeacTBaMu JJjist UMIIOPTa FEOMETPUIECKUX MOJIEJIei
u3 GosbiacTBa nonyisipHbix CAD-cucreM, Briatoyass UG u Pro/E, a takike mozep-
JKMBaeT YTeHNe reoMeTprUiecKux (hopmMaTosB .iges, .sat, .step u 1p.

2.2. UMnopT reoMmeTpmm N3 BHELLHUX
CAD-cuctem

Ha sTarme cosmanmsi TeoMeTpUn CylieCTBYeT BO3MOKHOCTb MMIIOPTUPOBATH MOJIEJb,
co3/1aHHyT0 B 01HOM 13 BHeITHUX CAD-cucteM, MCIpaBUTh/U3MEHUTH/YITPOCTUTD JIaH-
HYIO TEOMETPHIO ¢ TIOMOTIBI0 Moty ist Design Modeler u moarotoButs ee 171st moctpoe-
HUS PACYETHON CETKH C YI€TOM BBIOPAHHOTO THIIA YUCJICHHOTO aHAJIH3a.

Jliist 0630pa HaCTpOeK UMIopTa Mojiesieil fobasuM B OkHO Project Schematic ma6-
gon Geometry. Bosbimas yacth HacTpoek umnopTa mozeneit m3 CAD-crucrem Haxo-
mutes B pasgenax Basic Geometry Options u Advanced Geometry Options okHa
Properties (puc. 2.1). B 0oCHOBHBIX HACTPOWKAaX yKa3bIBAIOTCS TUIIBI TIEPEIaBAEMbIX

]
‘ B Analysis Systems A ]
& Fluid Flow (CFX) i Property Value
& Fluid Flow (Fluent) hd A 2 =
@§ Modal b & Fluid Flow (Fluent) 3 Component ID Geometry
e static structural 2i@ Geometry ? A 4 Directory Name T
lj Steady-State Thermal 3 ﬁ Mesh Z E ——
& Transient Structural —
!E Transient Thermal i ﬁ' Setup F . K =
Companent Systems 5 Solution F 4 : = ometry Optio
Custom Systems 8 9 Results P o4 & Soid Bodes
11 Surface Bodies
Design Exploration Fluid Flow (Fluent)
12 Line Bodies [=]
External ConnectionSystems = Parameters
149 Parameter Key ANS;DS
15 Attributes =
16 Named Selections =
OkHo HacTpoek I/ I Material Properties [l
umnopTa mMogenen I = T e
19 Analysis Type 30
20 Use Assodativity
21 Import Coordinate Systems 0
22 Import Work Paints 0
23 Reader Mode Saves Updated File 0
24 Import Using Instances
25 Smart CAD Update
26 Compare Parts On Update No
27 Endlosure and Symmetry Processing
28 Decompaose Disjoint Geometry
29 Mixed Import Resolution None

Puc. 2.1. OkHO HacTpoek nmrnopTa Mozaene
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npu uMrnopre 06bekToB (3D-Tesia, MOBEPXHOCTH, JIMHUK ), @ TAKKe OIIIUN UMITOPTA T1a-
paMeTpU30BaHHBIX reoMeTpudeckux Moziesieit u3 CAD-cucrem.
B pasnene Advanced Geometry Options HaXOAATCS TapaMeTPbI, OIPEEIISOIHIE:

Tt aHasusa (Analysis Type): 2D wiu 3D;
accormatuBHocTh (Use Associativity) /17151 mepeiauu CBOHCTB MaTepUaJioB, Tpa-

HUYHBIX YCJIOBUN 1 HATPY30K HA MOJIENTh, 33/IaHHBIX B cTopoHHell CAD-cucreme;

umtopt cucteMbl koopauHaT (Import Coordinate);

«ymHoe» obHoBierne CAD (SmartCADUpdate): ommumst mpejmosiaraer, 4to

ecsi B CAD Obliin i3MeHeHbI HeKoTopble yacTu c6opku, To B Design Modeler npu

HOBTOPHOM MMIIOPTE OCYIIECTBJISIETCS 0OHOBJICHUE TOJBKO U3MEHEHHBIX YacTei.
Workbench nogaepskusaer cienytomue Bepcun CAD-nakeros: AutoCAD 2012+,
Autodesk Inventor 2012, Creo Elements/Direct Modeling 18.0, Creo Parametric (Pro/
ENGINEER), NX 8.0, Parasolid 24.0, SolidEdgeST4 (104), SolidWorks 2011, ANSYS
SpaceClaim Direct Modeler 2011+, Teamcenter 8.0, 8.1 u 8.3, CATIA.
Cymectsyiot nBa tuma mvnopra CAD-mozeneit B mpoekt Workbench: #a ocrose
OJTHOHATIPABJIEHHON U JIBYHATIPABICHHON CBS3€H.
OmHoHANpaBIeHHAS CBSI3b OCYIIECTBIISIETCS C TTOMOTITBIO:

komanabl riaasHoro wmenio: File = Import B oxne mnpoexkra Workbench

(puc. 2.2, 1);
Fle Vew Tools Units Extensons Jobs  Help
2 New cal4n
5 Open... ctl+o -
= save Ctri+s 1 @
& savess.. 2
lx)  save to Repository 3| @ Mesh i ncw coometey.-
G O fomRepesy 2 G oy IR v ] @l erowse...
&} send Changes to Repository 5 Solut{ 43 Duplicate I8 bladext
&1 Get Changes from Repositary & @ Resul Transfer Data From New * | @) Geom.agdd
Transfer to Repository Status Fluid Transfer Data To Hew " | Browse from Repository...
Manage Repository Project » #  Update
&5 Manage Connections Update Upstream Companents
&  Launch EKM Web Client.... [#] Refresh
B achive... EH rename
G e ——
R save toTeamcenter... Quick el ||File create concept Tools Units View Help
Add Note i
Saipting » | Refresh Input
] Dportreport.. | ] sartOver ()
. 1 boad Desvodelr Databse.. (cut+ )
1 G:WEW \channel. wbpj * [l save Praject (Ctrl+5)
2Grlsopla_M=3,4,5.wbpj [ [ export...
3D Walger|PMiRress newpic. whpy J- ] Attach to Active CAD Geometry
4D:\Valger\DMIPressFirst_version|Posobie_ANSYS\ForPictures3.nbpj | o "
Exit g | % tmport Shaft Geometry. .

(1]

S, Write Script: Sketch(es) of Active Plane

[ Auto-save Now
Restore Auto-save File >

Recent Imports »

Close DesignModeler

Puc. 2.2. Cnocobsl nmnopta CAD-reometpumn



	OLE_LINK12
	OLE_LINK13
	OLE_LINK1
	OLE_LINK3
	OLE_LINK50
	OLE_LINK51
	OLE_LINK52
	OLE_LINK15
	OLE_LINK16
	OLE_LINK18
	OLE_LINK4
	OLE_LINK14
	OLE_LINK47
	OLE_LINK48
	OLE_LINK49
	OLE_LINK19
	OLE_LINK21
	OLE_LINK22
	OLE_LINK26
	OLE_LINK27
	OLE_LINK61
	OLE_LINK62
	OLE_LINK63
	OLE_LINK55
	OLE_LINK56
	OLE_LINK57
	OLE_LINK58
	OLE_LINK59
	OLE_LINK60
	OLE_LINK94
	OLE_LINK95
	OLE_LINK96
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK35
	OLE_LINK44
	OLE_LINK24
	OLE_LINK25
	OLE_LINK28
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK224
	OLE_LINK225
	OLE_LINK226
	OLE_LINK195
	OLE_LINK196
	OLE_LINK197
	OLE_LINK206
	OLE_LINK207
	OLE_LINK358
	OLE_LINK359
	OLE_LINK129
	OLE_LINK133
	OLE_LINK134
	OLE_LINK176
	OLE_LINK177
	OLE_LINK180
	OLE_LINK182
	OLE_LINK183
	OLE_LINK184
	OLE_LINK208
	OLE_LINK185
	OLE_LINK186
	OLE_LINK187
	OLE_LINK212
	OLE_LINK188
	OLE_LINK189
	OLE_LINK192
	OLE_LINK193
	OLE_LINK194
	OLE_LINK198
	OLE_LINK199
	OLE_LINK213
	OLE_LINK214
	OLE_LINK200
	OLE_LINK201
	OLE_LINK363
	OLE_LINK364
	OLE_LINK365
	OLE_LINK202
	OLE_LINK203
	OLE_LINK204
	OLE_LINK205
	OLE_LINK218
	OLE_LINK219
	OLE_LINK220
	OLE_LINK228
	OLE_LINK229
	OLE_LINK322
	OLE_LINK323
	OLE_LINK324
	OLE_LINK432
	OLE_LINK433
	OLE_LINK434
	OLE_LINK271
	OLE_LINK272
	OLE_LINK273
	OLE_LINK236
	OLE_LINK237
	OLE_LINK238
	OLE_LINK239
	OLE_LINK265
	OLE_LINK266
	OLE_LINK267
	OLE_LINK268
	OLE_LINK269
	OLE_LINK270
	OLE_LINK259
	OLE_LINK260
	OLE_LINK261
	OLE_LINK253
	OLE_LINK254
	OLE_LINK255
	OLE_LINK230
	OLE_LINK231
	OLE_LINK232
	OLE_LINK242
	OLE_LINK243
	OLE_LINK262
	OLE_LINK263
	OLE_LINK264
	OLE_LINK440
	OLE_LINK441
	OLE_LINK442
	OLE_LINK240
	OLE_LINK241
	OLE_LINK251
	OLE_LINK252
	OLE_LINK256
	OLE_LINK257
	OLE_LINK280
	OLE_LINK281
	OLE_LINK276
	OLE_LINK277
	OLE_LINK274
	OLE_LINK275
	OLE_LINK278
	OLE_LINK279
	OLE_LINK307
	OLE_LINK308
	OLE_LINK309
	OLE_LINK310
	OLE_LINK311
	OLE_LINK320
	OLE_LINK321
	OLE_LINK317
	OLE_LINK318
	OLE_LINK319
	OLE_LINK315
	OLE_LINK316
	OLE_LINK351
	OLE_LINK352
	OLE_LINK353
	OLE_LINK435
	OLE_LINK436
	OLE_LINK437
	OLE_LINK327
	OLE_LINK328
	OLE_LINK329
	OLE_LINK342
	OLE_LINK343
	OLE_LINK344
	OLE_LINK330
	OLE_LINK331
	OLE_LINK332
	OLE_LINK333
	OLE_LINK336
	OLE_LINK337
	OLE_LINK338
	OLE_LINK345
	OLE_LINK346
	OLE_LINK347
	OLE_LINK348
	OLE_LINK349
	OLE_LINK350
	OLE_LINK354
	OLE_LINK355
	OLE_LINK356
	OLE_LINK357
	OLE_LINK438
	OLE_LINK439
	OLE_LINK360
	OLE_LINK361
	OLE_LINK362
	OLE_LINK366
	OLE_LINK367
	OLE_LINK368
	OLE_LINK369
	OLE_LINK370
	OLE_LINK371
	OLE_LINK372
	OLE_LINK376
	OLE_LINK377
	OLE_LINK378
	OLE_LINK423
	OLE_LINK424
	OLE_LINK425
	OLE_LINK101
	OLE_LINK102
	OLE_LINK103
	OLE_LINK104
	OLE_LINK454
	OLE_LINK455
	OLE_LINK456
	OLE_LINK457
	OLE_LINK458
	OLE_LINK459
	OLE_LINK464
	OLE_LINK465
	OLE_LINK466
	OLE_LINK467
	OLE_LINK17
	OLE_LINK20
	OLE_LINK23
	OLE_LINK471
	OLE_LINK472
	OLE_LINK473
	OLE_LINK474
	OLE_LINK468
	OLE_LINK469
	OLE_LINK470
	OLE_LINK111
	OLE_LINK109
	OLE_LINK110
	OLE_LINK477
	OLE_LINK478
	OLE_LINK479
	OLE_LINK105
	OLE_LINK108
	OLE_LINK475
	OLE_LINK476
	OLE_LINK532
	OLE_LINK533
	OLE_LINK534
	OLE_LINK112
	OLE_LINK113
	OLE_LINK114
	OLE_LINK115
	OLE_LINK116
	OLE_LINK117
	OLE_LINK118
	OLE_LINK124
	OLE_LINK125
	OLE_LINK126
	OLE_LINK448
	OLE_LINK449
	OLE_LINK450
	OLE_LINK451
	OLE_LINK460
	OLE_LINK161
	OLE_LINK162
	OLE_LINK163
	OLE_LINK235
	OLE_LINK244
	OLE_LINK245
	OLE_LINK341
	OLE_LINK379
	OLE_LINK380
	OLE_LINK234
	OLE_LINK461
	_Hlk413948352
	OLE_LINK150
	OLE_LINK151
	OLE_LINK152
	OLE_LINK480
	OLE_LINK481
	OLE_LINK482
	OLE_LINK483
	OLE_LINK484
	OLE_LINK485
	OLE_LINK486
	OLE_LINK487
	OLE_LINK488
	OLE_LINK489
	OLE_LINK564
	OLE_LINK565
	OLE_LINK159
	OLE_LINK160
	OLE_LINK164
	OLE_LINK168
	OLE_LINK169
	OLE_LINK526
	OLE_LINK527
	OLE_LINK528
	OLE_LINK523
	OLE_LINK524
	OLE_LINK525
	OLE_LINK29
	OLE_LINK30
	OLE_LINK100
	OLE_LINK535
	OLE_LINK536
	OLE_LINK539
	OLE_LINK540
	OLE_LINK541
	OLE_LINK542
	OLE_LINK543
	OLE_LINK544
	OLE_LINK511
	OLE_LINK512
	OLE_LINK513
	OLE_LINK566
	OLE_LINK567
	OLE_LINK568
	OLE_LINK571
	OLE_LINK576
	OLE_LINK577
	OLE_LINK578
	OLE_LINK579
	OLE_LINK580
	OLE_LINK581
	OLE_LINK572
	OLE_LINK573
	OLE_LINK574
	OLE_LINK575
	OLE_LINK585
	OLE_LINK586
	OLE_LINK582
	OLE_LINK583
	OLE_LINK584
	OLE_LINK587
	OLE_LINK588
	OLE_LINK589
	OLE_LINK590
	OLE_LINK597
	OLE_LINK598
	OLE_LINK599
	OLE_LINK601
	OLE_LINK602
	OLE_LINK603
	OLE_LINK618
	OLE_LINK619
	OLE_LINK620
	_Ref422228795
	_Ref422228834
	_Ref422241049
	_Ref423519258
	_Ref423533111
	_Ref425326087
	_Ref423519213
	_Ref423534653
	_Ref425326102
	_Ref423533379
	_Ref425335061
	_Ref423533418
	_Ref425335075
	_Ref423533428
	_Ref425335084
	_Ref423533853
	_Ref425335455
	_Ref423533855
	_Ref425335469
	_Ref423534134
	_Ref425335782
	_Ref423534135
	_Ref425335784
	_Ref422044851
	_Ref425353023
	_Ref43183316
	_Ref422044883
	_Ref425353193
	_Ref43185556
	_Ref425353234
	_Ref422044945
	_Ref425353276
	_Ref43186640
	_Ref425353295
	_Ref422045551
	_Ref425353371
	_Ref416514299
	_Ref425410682
	Введение
	￼
	1.1. История: этапы развития программного комплекса
	1.2. Структура программного комплекса
	1.3. Платформа Workbench
	1.4. Основные принципы решения задач в Workbench
	1.5. Инструмент ANSYS AIM
	1.6. Поддержка вычислительных платформ

	Построение геометрии
	2.1. Средства построения геометрических моделей
	2.2. Импорт геометрии из внешних 
CAD-систем 
	2.3. Интерфейс Design Modeler
	2.4. Создание эскиза
	2.5. Создание 2D/3D-геометрии

	Построение 
расчетных сеток
	3.6. Критерии качества расчетных сеток
	3.5. Глобальные и локальные параметры сетки
	3.5.1. Настройки глобальных параметров
	3.5.2. Настройки локальных параметров

	3.4. Методы построения сеток в Meshing
	3.3. Работа в сеточном препроцессоре Meshing
	3.3.1. Запуск препроцессора
	3.3.2. Интерфейс Meshing

	3.2. Приложения ANSYS для генерации сеток
	3.1. Введение в построение расчетных сеток
	Решение задач механики деформируемого твердого тела
	4.1. Основы работы в оболочке Workbench Mechanical
	4.2. Работа с материалами в Engineering Data
	4.3. Интерфейс приложения Workbench Mechanical
	4.4. Создание расчетной модели в Workbench Mechanical
	4.4.1. Дерево модели
	4.4.2. Задание граничных условий
	4.4.3. Математические модели и методы решения
	4.4.4. Результаты расчетов

	4.5. Макроязык описания расчетных моделей APDL
	4.6. Моделирование конструкций с учетом нелинейностей
	4.6.1. Геометрическая нелинейность
	4.6.2. Физическая нелинейность
	4.6.3. Конструктивная и контактная нелинейности
	4.6.4. Моделирование контактов
	4.6.5. Методика решения нелинейных задач

	4.7. Примеры решения задач
	4.7.1. Расчет НДС конструкций по теории балок
	4.7.2. Решение задач динамики
	4.7.3. Расчет отклика конструкции на сейсмическое воздействие линейно-спектральным методом
	4.7.4. Расчет конструкций на устойчивость
	4.7.5. Кинематический анализ
	4.7.6. Расчет температурных полей
	4.7.7. Связный термопрочностной расчет

	4.8. Пользовательские подпрограммы

	￼
	5.1. Основы моделирования задач гидрогазодинамики
	5.2. Этапы работы во Fluent
	5.3. Запуск программы
	5.4. Интерфейс программы
	5.5. Подготовка расчетной модели
	5.5.1. Панель задач General 
	5.5.2. Панель задач Models
	5.5.3. Работа с материалами
	5.5.4. Условия в зонах ячеек 
	5.5.5. Граничные условия

	5.6. Решатель
	5.6.1. Методы решения 
	5.6.2. Управление решением
	5.6.3. Установка мониторов
	5.6.4. Определение отчетов
	5.6.5. Инициализация решения
	5.6.6. Дополнительные действия во время расчета 
	5.6.6. Запуск задачи 

	5.7. Постпроцессинг
	5.7.1. Графики и анимация
	5.7.2. Диаграммы
	5.7.3. Отчеты 

	5.8. Моделирование турбулентных течений
	5.8.1. Иерархия моделей турбулентности
	5.8.2. Требования к сетке при расчете сдвиговых течений 
	5.8.3. Граничные условия для турбулентных параметров 

	5.9. Рекомендации по проведению вычислений во Fluent
	5.10. Программирование пользовательских функций UDF
	5.10.1. Подключение UDF в проект
	5.10.2. Типы данных ANSYS Fluent
	5.10.3. Структура UDF


	Заключение
	Библиографический список
	Приложение 
	Пустая страница



