ANSY S/Mechanical. Bepudpukaunonsstii oraet. Tom 2

OO01mue moJIo:KeHu s

1. ANSYS — xpynHOMacIITaOHBIN («TSKENIbIH») MHOTOILIEIEBOH KOHEYHODIEMEHTHBIN
IPOTPaMMHBIA KOMIUIEKC, KOTOPBIH MOXKET OBITh HCIOJNb30BaH [UId PEIICHUS pPa3InYHbIX
KJIACCOB 3a/1a4 MH)KEHEPHOI'0 aHAJIN3A.

Bepuduuupyemsie B HacTosimeM otyete Bo3MokHOCTH ITK ANSYS Britouatot pemenue
YCTaHOBUBILIUXCS U MEPEXOIHBIX 3a/1a4 TEIJIONEPEHOCca, CTATUYECKUN U AMHAMUYECKUHN PacyeThl
KOHCTPYKLUH, pacueT cOOCTBEHHBIX YacTOT U GOpM KosebaHus U yCTOHYUBOCTH. [IporpaMMHBbIi
KOMIUIEKC COJEPKUT MHOXKECTBO CHEIUANIbHBIX OMIMH, KOTOPBIE MO3BOJISIIOT MOIYYUTh PEIICHNE
C Yy4YeTOM HEJIMHEHHBIX J(PQEKTOB, TaKUX Kak IUIACTUYHOCTb, OousblIMe naedopMaluu,
THIIEPYIIPYTOCTh, MOJ3y4eCTh, KOHEUHBbIE AeGopManui u OONbIINE NEepEeMENIeHHs, KOHTAKT,
U3MEHEHHE JKECTKOCTH, TeMIlepaTypHas 3aBUCHMOCTb, aHU30Tpomus Marepuana. C pa3BUTHEM
I[IK ANSYS Obumn 1006aBieHBbl CHEIHATIBbHBIE BO3MOXKHOCTH, TaKHE, KaK IOJKOHCTPYKIIUH
(cymepaneMeHThl), MOAMOJCIUPOBAaHHUE, CIy4aiiHble KoJeOaHUsS W ONTUMHU3ALUA. OTH
BO3MOXXHOCTH  CIIOCOOCTBYIOT  jmanbHedmeMy — craHoBimeHuro  IIK  ANSYS  xkak
MHOT0()yHKIIMOHAJILHOT'O UHCTPYMEHTA B PA3JIMUHBIX HHKEHEPHBIX 001aCTAX.

IIK ANSYS ucnonssyercst B kommepueckux 1eisix ¢ 1970 roaa, mmpoko NpUMeEHseTcs B
AIPOKOCMHUYECKON,  aBTOMOOWIBHOW,  CTPOUTENBbHOM,  AIEKTPOHHOW,  SHEPreTUYECKOM,
IPOU3BOJICTBEHHOH, SJIEPHOM, MJIACTMACCOBOM, HEPTIHONW M CTANETUTEHHON MPOMBIIIIEHHOCTH.
Kpome TOro, MHOrme KOHCAATHHIOBblE ()UPMBI M COTHH YHHBEPCUTETOB HcHoib3yroT IIK
ANSYS mnst pacdyeToB, Hay4HBIX HCCIIEIOBaHUNA W B oOpazoBarenbHbIX Ieisx. [IK ANSYS
NPU3HAETCS BO BCEM MUPE KaK OJlHa U3 HauboJiee MUPOKO UCIOIb3YEMBIX MPOTPaMM.

OcHOBHasl 1eb JAHHOTO BEPU(PUKAIMMOHHOTO OTYETa 3aKIIOYAETCS B TOM, YTOOBI
IIPOJEMOHCTPUPOBATh IIUPOKUHM Kpyr KOHEUYHBIX 3J1eMeHTOB M Bo3MmoxHocTed ITK ANSYS B
3a/a4ax, KOTOpble MMEIOT "Kjlaccuueckoe" WM JIETKO IMOJIy4aeMO€ TEOPETHUECKUE PEIICHUS.
Kpome Ttoro, tecHoe cornacoBanue pemieHuii IIK ANSYS ¢ Teopetnueckumu pesynbTraTaMu
IPEIOCTABIISAIOT MOJIB30BaTEN0 yBepeHHOCTh B pe3ynbratax [IK ANSYS. beuta npeanpunsita
HOIBITKA BKIIOYUTH OOJIBIIMHCTBO THIIOB 3JEMEHTOB U OCHOBHBIE Bo3MOxkHOCTH ITK ANSYS B
Ha0Op TECTOBBIX MPUMEPOB. DTH NMPUMEPHI MOTYT CIY>KUTh OCHOBAHUEM JJIs JOTIOJIHUTEIbHON
IpoBepKHU U yTouHeHus Bo3MokHocTel [IK ANSYS camum nosnb3oBarenem.

2. «bubmmotekay koHedHbIX 37eMeHTOB [IK ANSYS comepxut Oosiee mIecTUACCITH
3JIEMEHTOB JUIA 3a/la4 CTaTHYECKOro M JTMHAMMYECKOI'0 aHaiu3a, Oosee ABaALATH — JUId 3a/1ad
TEIUIONEPEeaut, TaKKe BKIIOYAaeT B c€0S MHOTOYMCIEHHBIE D3JIEMEHThl TEOpPUM MO U
CHelManbHble 3JIEMEHThl. JTO pa3HooOpasue a3nemeHToB mno3possier [IK ANSYS npoBoauts
pacuéTsl 0aJIOYHO-CTEPIKHEBBIX, TUIMTHO-000JIOYEUHBIX, TBEPIOTEIBHBIX M KOMOMHHPOBAHHBIX
CHUCTEM B JBYMEPHOM M TPEXMEPHOM IMOCTAHOBKE, a TAaK)XE MO3BOJSAET pellaTh HEIWHEHBbIE
3a/1a4M, B T.4. KOHTaKTHBIE 3a/1a4l U PaCU€T BAHTOBBIX CUCTEM.

3. [IK ANSYS nenpepsiBHO Bepupunmpyetcst pazpadorunkamu (ANSY'S, Inc) mo mepe
noOaBiieHUs] HOBBIX Bo3MoxkHOCTel. Bepudukamms [IK ANSYS npoBoautcs B COOTBETCTBUH C
mpolierypamMu, KoTopele sSBIsiOTCS YacThio ['apanTun Kauectsa (Quality Assurance) Bcero I1K B
ANSYS, Inc. Pazmen «Verification manual» mpencraBisier co0oli HEOONBIIYI0 OUOTHOTEKY
TecToBbIX TpuMepoB ['apantum KadectBa (Quality Assurance), KoTopasi HCIOJB3YETCS MPH
npoBepke HOBbIX Bepcuil IIK ANSYS. B TecToBeIX npuMepax 4YHMCIEHHBIE DPE3YJIbTaThl,
nonydeHHsle B [IK ANSYS, comocraBisitoTcsi ¢ M3BECTHBIMM TEOPETHUYECKUMH PEIICHUSMH,
AKCIEPUMEHTAIbHBIMU JAHHBIMU WU APYTUMU HE3aBUCUMBIMH PAaCUETHBIMU PEIICHUSMHU.

IIpy momomM 5>TUX TECTOBBIX 3a7ay MCCIEAYeTCsl JOCTOBEPHOCTb PE3yJIbTaTOB,
nonydeHHslx B IIK ANSYS. Bepudukanmonnsle npuMepsl OCHOBaHBI Ha paHee H3JaHHBIX
pabotax B 00JacTH CTAaTUKH, NMHAMHKHA M Teruionepenadd. B mporecce Bepudukanmmu ObLTH
BBISBJICHBl ~ OOBSCHUMBIC  PACXOXKIEHUS  MEXIy  YHUCICHHBIMH  pe3ylbTaTaMud U
9KCHEPUMEHTAIbHBIMU JAHHBIMU (MJIM aHAJIMTUYECKUM pELICHHEM), KOTOPble MOYKHO CUHUTATh
IPUEMIIEMBIMH.
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4. Ilpumepsl oTYETE M METOBI peIIeHUs] ObLIM BBIOPAaHBI B KAUECTBE INIABHOTO OOBEKTA.
Hexotopbie 3amaun MOKHO ObULTO OBI pemuTh OoJiee MPSAMBIM CHOCOOOM, YeM IPEICTABIICHO
31ech. B HEKOTOPBIX cilydasx OJHAa M Ta e 3ajJadya pelaeTcss HECKOJIbKUMM Pa3InYHbIMU
MYTSIMHU JUIsl IEMOHCTPALMK U IPOBEPKU PA3HBIX 3JIEMEHTOB U BO3MOXKHOCTEH MPOTrpaMMBl.

ITockonbky ITK ANSYS crnocoGeH pemuTh O4eHb CIIOKHYIO MPUKIAJAHYI0 HHKEHEPHYIO
3a/1a4y, He UMEIOILYI0 B 3aKpBHITON (pOopMe TEOPETHUECKOTO PEIIEHUs], OTHOCUTEIBHO MPOCTHIX
3aja4, pellaeMbIX B JTaHHOM PYKOBOJICTBE, OHO HE WIIIIOCTpUpPYeT Bcex Bo3MokHocTel I1K
ANSYS.

5. Pemenusi, momyuennsie ¢ momomipio [IK ANSYS B stom oryere (Tome 2),
CPaBHMBAIOTCSl C PEIICHUSMHU, NPUBEJCHHBIMU B KHUTaX M TEXHUUYECKUX HyOnukanusx. B
HEKOTOPBIX CIy4asX, YKa3aHHBIX HHXKeE, «3TaJIOHHOE» (LIeJeBOE, TEOPETUYECKOEe) 3HAYCHHE
MOJKET OTJIMYATHCS OT YKA3aHHOTO B JINTEpAType.

Pasnmnunsa wmexny pesynsratamu 1no IIK ANSYS wu wneneBbimMu  pesynpTaTamu
MPEICTABJICHBI KaK MOTPEIHOCTh (B %) 3a MCKIIOYEHUEM CIydaeB, KOTZa IIeJIEBOE pEIIeHUs
PaBHO HYJIIO WM UMEET HEUUCIIOBON XapaKTep.

6. Ha pa3HbIX KOMIIbIOTEpAX M PA3IUYHBIX ONEPAIIMOHHBIX CUCTEMaxX MOTYT MOJyYUThCS
HECKOJIbKO MHBIE Pe3yJIbTaThl 10 HEKOTOPBIM M3 TECTOBBIX IPUMEPOB.

CnenyeT OTMETUTh, YTO JUIsl KaXAOr0 NMPUMEpPA CPAaBHUBAIOTCA TOJBKO TE€ BEIMYUHBI,
KOTOpbIE MTPUBEJICHBI B TEOPETUUECKOM pPelIeHUH. B O0JIbIIMHCTBE CllyyaeB KOHEUHOZJIEMEHTHOE
pelIeHNE COIEPKUT 3HAYUTENbHOE KOJTUYECTBO JAPYTUX MOJIE3HBIX PE3yIbTAaTOB.

7. JlutepaTypa W CCBUIKHM, MCIOJb30BaHHBIC ISl BepU(UKAIMH, OBbLIM BBIOPAHBI IO
HECKOJIbKMM IpUYMHAM. XO0pOIlO U3BECTHBIE U MPU3HAHHBIE KHUTU OBLIN HCIIOJIb30BaHbI, KOT1a
3TO BO3MOJXKHO, IpYI'i€é MCTOUYHUKH, ObUIN UCIOJIb30BAHbI, €CIIM OHU OBLTU JIETKO AOCTYIHBI JUIS
aBTopa. CChUIKM Ha MEPUOJUYECKHE WM TEXHUYECKHE >KypHallbl ObUIM HCIOJB30BaHbl B TEX
cilydasiX, KOrja HeT KHHMI' B KOTOPbIX ObLIO OBl omucaHo pemieHue. KHUTH JOKHBI OBITh
JOCTYIIHBI JIJISl TIOKYNIKA WJIM B OOJIBIIMHCTBE WHXEHEpHBIX OuoOmuorek. I[lepmoamyeckue
U3/IaHUs JOCTYIHBI, KaK MPaBWIIO, B YHUBEPCUTETCKUX OnOIMoTekax. B GonbIIMHCTBE CilyyaeB
MIEPEYUCIICEHHBIE CCBUIKU HE SIBISIETCS €IMHCTBEHHBIM MCTOYHMKOM TEOPHH WJIM aHAJIOTUYHOIO
OTHCaHMS 3aJIauH.

8. JlaHHBIH OTYET TAaKXKE CONEPNKHUT HHMOOPMAIIMIO O TPUMEHUMOCTH, BBIOOpE W
3¢ ¢pexTuBHOCTH KOHEeuHbIX 3neMeHToB [IK ANSYS, anropuTMOB HOCTPOECHHUS CETKH H
QITOPUTMBI pEIICHUS B psizie TeCTOBBIX MpuMepoB (benchmarks). TIpumeps! mpenqHazHaueHb! 1Is
TOro, 4YTOOBl MPOMJUIIOCTPUPOBATH KaK KOPPEKTHOE, TaK U HENpaBWIbHOE IPUMEHEHHE
KOHEYHBIX AJIEMEHTOB B pPa3jM4YHBbIX CHUTyalusiX. Pe3ynbrarbl, mpelIcTaBiICHHbBIE 371€Ch, AN
HEKOTOPBIX TECTOBBIX CIIy4aeB MOTYT COJIEPKaTh OIINOOYHbIE PEIIEHUs, HO, HA CaMOM JieNle, 3TH
OLIMOKH SBISIFOTCS «0KMIAEMBIMI» Pe3yJIbTaTaMHU JJIsl BHIOPAHHOTO 3JEMEHTa, JUCKPETH3auN
U ycinoBuil 3arpyxenus. IlpegocTtaBiss pe3yiabTaThl TAKUX TECTOBBIX MPUMEPOB, Mbl HaJ€eMCs
Ha TO, YTO OHH MOCIY>KaT PYKOBOJICTBOM IPU BBIOOPE COOTBETCTBYIOIIMX OMNIIMNA pacyera.

9. P npumepoB coaepkut cpaBHeHue pemieHuil mo [IK ANSYS u HeckoJbKHUX TECTOB
NAFEMS. NAFEMS (National Agency for Finite Element Methods and Standards)
OIyOJMKOBAJI0O MHOTO TEXHHUYECKUX OTYETOB IO HMHKEHEPHOMY aHalu3y, KOTOpbIE CTalld
CTaHJapTHBIMU oOTpacieBbiMu Tectamu (benchmarks). HekoTopsle u3 3TUX TecToB ObLIH
BOCIIPOU3BE/ICHBI 3/1€Ch.

10. ABTopbl HacTOsIIEr0o OT4ETa (TOM 2) BBIMNOJHWIA TaKKe CIEIYIOUIYIO MOJE3HYIO
pabory:

1) orGop Bepu(UMKAIMOHHBIX NPUMEPOB, B HAMOONBIIEH CTENEHU OTPAKAIOIIMX
«CTPOUTEIIBHYIO» OPUEHTALUIO IPOBOJUMOMN BepUBHUKALIH;

2) TeXHUYECKU BBIBEPEHHBII MEepeBO]] MPUMEPOB (TECTOB) C IOMOJIHEHHEM HEOOXOAMMBIX
NoJpOOHOCTEH, BKIIIOYAs IEPEBOJ MCXOAHBIX JAaHHBIX U PE3YJbTATOB B CHCTEMBl €IUHMIL,
npuHATHIE B Poccun.

3) npencraBnenne KD-momened, METOOWK W Ppe3yJbTAaTOB PAaCUETOB B CYIICCTBEHHO
6osee pa3BepHyTOM (hopMe, OTYaCTH AeMOHCTpUpYtoliee 6orarcTBo cpencts [1K;
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4) onpenenenne «IOrpeurHocTeN» (PacxokAeHH) MoIy4eHHbIX pe3ysibTaToB 1o ANSY'S
C «3TAJIOHHBIMUY PELICHUAMHU B OoJiee HarysqHOH Gpopme(d,% )
0=|(A-B)/B]|- 100,
rae A — pacueTHblil mapamerp, B — BelMunHa «3TaJIOHHOT0)» PEILICHHUS;
5) COOTBETCTBYIOIAs KOPPEKTHPOBKA MAaKpOCOB (BKIIIOYAs MCIPABICHHE BBISIBICHHBIX
MOTPEITHOCTEH ).
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