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BBenenue
C J(2105Y10) COKpaHlCHH}I IIUKJIa p3.3pa6OTKI/I, IIOBBIIICHUA Ka4ye€CTBA N HAACKHOCTH,

C IIEJIbI0 CHIKEHMSI MATEpUaJIOEMKOCTH KOHCTPYKLMHA pabOThl MO MPOEKTHUPOBAHUIO
M3ACIUN  a3pOKOCMUYECKOW TMPOMBIIUICHHOCTH B HACTOSIIIEE BPEMs BEAYTCS C
NPUMEHEHUEM CPEJICTB MH)KEHEPHOI'0 aHaIM3a U ONTHUMH3ALUU, PEaTU3YIOMUX METO
KOHEUHBIX 351eMeHTOB [ 1,2]. PaspaboTanHas koHeuHO-351eMeHTHas Mojielb (KD-Moens)
NPOEKTUPYEMONl  KOHCTPYKIMHU. TO3BOJIIET  MCCIENOBaTh, aHAIU3UPOBATH WU
ONTUMHU3UPOBATh KOHCTPYKIMIO LIEJIMKOM U KK €€ 3JIEMEHT B KOMIIBIOTEPHOM,
BUPTYaJIbHOM CpE€AE 10 W3rOTOBICHUS OPOrOoCTOSIIEH KOHCTpYKumu. I[lpm 3TOom
POCKTUPOBAHUE CJIOKHBIX COBPEMEHHBIX KOHCTPYKLHMN, KaKk TpPaBUiIo, TpeOyeT
COBMECTHOTO HCIMOJIb30BAHUSI IIUPOKOI0 HA0Opa pPa3MyYHBIX MPOTPAMMHBIX CHUCTEM
WH)KEHEPHOT0 aHalW3a, OTBETCTBEHHBIX 3a TOT WJIMA HWHOW dTal PacuyeTHOIo
CONIPOBOKJICHHS TIPOEKTA.

OCHOBHBIMM MHCTPYMEHTaMHU KOMITHIOTEPHOTO MOJIEIUPOBAHUSI KOHCTPYKIIMI Ha
CETOJIHSIIIHUMN AEHB SBJISIIOTCS:

[IporpaMmHbIE CHUCTEMBI T€OMETPUYECKOTO MOJECIMPOBAHUS U  aBTOMAaTH3alUU
koHcTpykTOpckux pador CAD (Computer-Aided Design). Haubonee momnynsipHbie B
MHpPE CHCTEMBI reoMerpuueckoro mojgenupoBanus -  AutoCAD, CATIA,
Pro/ENGINEER, SolidWorks u npyrue.

[Iporpammusie cuctembl CAE (Computer-Aided Engineering) — cucTeMbl HHXXEHEPHOTO
MOJEUPOBAHUS, aHAIN3a U ONTUMHU3ALNHA KOHCTPYKIIMHA. ITO CUCTEMBI, pEATU3YIOLIUE
METOJI KOHEUHBIX 3jemMeHTOB. HaumbOonee mnomynspueie B mupe cucrembl CAE -
nporpammubie TpoykThl MSC.Software Corporation - Nastran, Marc, Adams, Dytran,
FlightLoads and Dynamics, a Tak)ke mporpaMMHbI€ MPOIYKTHI APYTUX pa3pabOTUYUKOB,
Harpumep, ANSIS.

Nuxenep, He UMEIOIINI MPAKTUYECKUX HABBIKOB paOOTHI B ITUX CHCTEMaX U HE
IMOHUMAIOIIUM OCHOBHBIX HMJIEH JIGKAIIMX B OCHOBE KOHCUHO-3JIEMEHTHOI'O
MIPOCKTUPOBAHMSI HA OCHOBE KOHEYHO-JIEMEHTHOTO MOJEIMPOBAHUS HE CIOCOOEH
BBITIOJIHATH PabOTHI TIO pa3paboOTKe CHIIOBOM pabOThl KOHCTPYKIIMKA HA COBPEMEHHOM
YpPOBHE.

JIJIsi MOATOTOBKM K TaKOMY acCIeKTy WX Oyaymied pabdoThl CIYKUT STOT

JnabopaTopHbIi NMpakTukyM. M3yuenue npaktuueckoit paborel ¢ CAE cucremamu



IIPOBOJUTCA B Cpele KOHEYHO- 37eMeHTHOM cucteMbl MSC.Nastran u mpe-
npoueccopa Patran. IIpakTukyM 3HaAKOMMT IOJIB30BATENsl C OCHOBHBIMHU HJECSIMU
TEXHOJOTHH KOHEYHO-3JIEMEHTHOTO MPOCKTHPOBAHUS KOHCTPYKIMM U pa3paboTKu
KOHEYHO-DJIEMEHTHBIX ~MOJIeJIeil, MoMoraeT HadyaTb paboTaTh B  CIOXKHOH
MHTEJUIEKTYaJbHOW cpene mnporpaMMHoro npoaykra MSC.Nastran u mnpe- u
noctporieccopa MSC.Patran Ha mnpumepax MOJEIMPOBAaHUS, pACUECTOB U
ONTUMU3ALMKA KOHCTPYKUMH pa3HOro THUIA, XapaKTepPHbIX Ui PAKETHO-
KOCMHYECKON TEXHUKH.

[Ipn moOATOTOBKE MpakTUKyMa HWCIOIb30BaHBl MaTepuanbl (UPMEHHOTO
PYKOBOJICTBAa Ha aHIJHUICKOM sA3bIKE [3, 4], KOTOpbIE MOTYT OBITh MOJIE3HBIMH IS
JaNbHENIIEro yriyOoJeHHOTO CaMOCTOSATEILHOTO COBEPIICHCTBOBAHMS B JAHHOU

o0JtacTu.



1 OcHOBHBIC IATM KOMIILIOTEPHOI'0 BUPTYAJIbHOI0
NMPOEKTHPOBAHUA KOHCTPYKIMIA HA ocHOBe K-
Moje1en

[IpyuMeHeHne KOHEYHO-3JIEMEHTHBIX TEXHOJOTUHA MpPHU MNPOCKTUPOBAHUU
KOHCTPYKIIMH HAYMHAETCS C PAaHHUX STalloOB MPOEKTHUPOBAHUS, KOTJa BHECECHHE
M3MEHEHHI B MPOEKT CBSI3aHO CHAMMEHBIIMMH TPYAHOCTSIMU U MPOJOJDKAETCS Ha
BCEX OJTamax MPOEKTUPOBAHMS BIUIOTh JO pa3pabOTKH KOHCTPYKTOPCKOM
JOKYMEHTAIIMU, TMOBEPOUYHBIX M CEPTUPUKAIMOHHBIX PACUYETOB, IMOATOTOBKHU
UCIIBITAHUN U 3aIlyCKa U3JIeNUs B TPOU3BOJICTBO.

[IpoekTHpOBIIMK HA4YMHAET CBOIO paboOTy ¢ pa3pabOTKU KOHEUHO-
AJIEMEHTHOW MOJIENIM KOHCTPYKIIMHU, B KOTOPYIO OH 3aKJIa/IbIBa€T HEOOXOUMBIE, TI0
€ro MHEHHIO, CUJIOBBIE AJIEMEHTHI, YTOObI KOHCTPYKIIMSI COOTBETCTBOBAJA CBOEMY
Ha3HayeHUo. [IpUIoXKHUB CHUIIBI, KOTOphIE OyAyT JACHCTBOBATH Ha OYIyIIYIO
KOHCTPYKIIMIO, OH MOJY4YUT JedhopMaiii KOHCTPYKIIMHU, CHJIbI M HaNpPsDKCHHUS,
JNEUCTBYIOIIME BO BCEX JETANAX. AHAIM3UPYsl 3TH JIaHHBIE, OH MOXKET MEHSTh
KOHCTPYKIITMOHHBIE MaTepHayibl, CHUJIOBYIO CXeMy, pa3Mepbl U (¢opmy JeTajeH,
9TOOBI JOOUTHCS YIYUIIEHUS KOHCTPYKIIMHU, MPOBEPsSii BHECCHHBIC W3MEHECHHS
pacuetamu. TakuM 00pa3oM, MPOEKTUPOBIIUK AopabaTbiBaeT U yiyumaer KO-
MOJIelb, pPACCUUThIBAsi BCE BO3JCUCTBUS Ha KOHCTPYKIIMIO, IPOBEPssS BCE
TpeOOBaHMsI, TPEIBSBIsIEMbIE K KOHCTPYKIIMH, U B pe3yibTare mnonydaer KO-
MOJIeIh KOHCTPYKIIMH, YIOBJIETBOPSIONIEH ATUM TpeOoBaHusIM. B peanbHOCTUITOM
KOHCTpYKIuU erie HeT. Ee HykHO pa3paboTaTh Tak, YTOOBI OHA COOTBETCTBOBAJA
cBoeit KD-mopenu. Tako mops1ok TpOEKTUPOBAHUS BOSHUK U PA3BUBACTCS B CBSI3U
C TIOSIBJIGHUEM M PAa3BUTHEM CUCTEM, PEATM3YIOIIMX METO]I KOHEUHBIX JIEMEHTOB.
OH nonyumsn Ha3BaHUE «OT MOJAENU K KOHCTpykuum» wuimm «Virtual Product
Developmenty, 4TO MOXHO MEPEBECTH KAK SUPMYAIbHOE UCCIE008AHUE U30eNUs]
U supmyanvroe npoekmuposarue (VPD — Texnonorus).

Baxxnoit 0coOeHHOCTBIO TpoeKkThpoBaHus Ha KD-momensx sBiIseTcs
BO3MOKHOCTh YBUJIETh HA DKPAHE MOHUTOPA B HAIJISIHOM BHJIE, B UHTEPAKTUBHOM
pexuMe, BO BCEX paKypcax,B LEJIOM U MO YacTsM, B PEaJbHBIX MPOMOPIHUIX
OyIyllyt0 KOHCTPYKIMIO, YTO TIOMOTaeT COCTaBUTb O HEHl MpaBUIIbHOE
OpeiCTaBlieHHe W MOOWIM3YeT MHTYUIHUIO [UJIi €€ COBEpPIICHCTBOBAHMSL.

B0O3MOXHOCTh BBIBECTM Ha 3KpaH (BU3yaJIM3UpPOBATb) CEYEHHS DIIEMEHTOB,



3aKpETUICHUsI, HArpy3Kd TMO3BOJIIET AS(()EKTUBHO KOHTPOIMPOBATH HUCXOHBIC
nanHbie. OToOpakeHue HenmocpeacTBeHHO Ha KD-Mmoenu B HarsiiHOM Maciitade
nedopmanyii Harpy>KeHHOW KOHCTPYKIIMH, TP CBOOOJHBIX KOJICOAHUSX, B
MEePEXOHBIX TMHAMUYECKHX TPOIECCax B BUJE TUHUN PAaBHBIX YPOBHEH, rpaduKOB;
oTOOpakeHWe BHYTPCHHUX YCUJIWN, HAPSOHKEHUHW B BUJE JIMIOP, JMHUN PaBHBIX
YPOBHEH, TpauKOB, MO3BOJISIOT ONEPATUBHO W HATISAHO TMOJyYaTh JETaIbHYIO
uH(OpMAIIHMIO O CHIIOBOM pab0Te KOHCTPYKIIHMH, BBISBIIATH HEAOCTATKU, IIpEIaraTh
n3MmeHeHus. Co3naercs BIieyatieHue paboThl ¢ peaJbHONM KOHCTPYKITUEH, XOTS e
eme He cymecrByer. OTcCooaa W NPOUCXOJUT TEPMHUH  «BHPTYAIbHOE
IIPOCKTUPOBAHUCY .

B Hacrosmee Bpemsi NPOEKTUPOBAHUE KOHCTPYKIIMKA BO BCEX BEAYIIUX
dbupMax wmupa ocymiecTBisiercss ¢ mnomombio MKD. 3Ot0 00yciaoBieHO
npeumymiectrBaMu = MKD 1o CpaBHEHHIO € TpPAAUUMOHHBIMHU  METOJAMU
MOJIeTUpOBaHud M pacueToB. Cpeaud HTUX NPEUMYIIECTB MOKHO BBIJACIUTH
CIIEIYIOIIHE:

= MKD mnpenocraBiasieT MPOSKTUPOBIIMKY BO3MOXKHOCTH HCCIEIOBaTh  paboTy
KOHCTPYKIIUU MTPAKTUYECKH JIFO0O0M CI0KHOCTH C yUE€TOM BCEX OCOOEHHOCTEN JaHHOMN
KOHCTpYKIUU. brarogapsi 3ToMy CTajio BO3MOXHBIM CO3/IaHHE MOAPOOHON KOHEYHO-
aneMeHTHON Monenu (KD-monenn) KOHCTpYKIMM U3AENUs B IIEJIOM; U UCCIEeNOBaTh
B3aUMO/ICIICTBUE BCEX €€ OCHOBHBIX CUJIOBBIX 3JIEMEHTOB;

* OnepaTUBHOCTh IMOJIyYEHUS pe3yJbTaTOB U UX HajaexHocTb. KoppekTHo
BBITIOJTHCHHBIM KOHEUYHO-3JIeMeHTHBIN pacdeT (KD-pacuer) MOXHO CpaBHUTH C
HATYPHBIMU HCTIBITAHUSIMU C TOW JIMIIb Pa3HUIIEH, YTO OH MPOBOJUTCS HE B IIEXe, a B
MaMsATH KOMIIBIOTEPA;

=  OmnepaTuBHOCTH MOIYYCHHS PE3YIIHTATOB MTO3BOJISET 32 KOPOTKOE BPEMSI PACCMOTPETh
MHOTO BapHaHTOB peajn3allii KOHCTPYKIIMH, YTO CaMO MO cede IEHHO, HO, KpoMe
TOT0, TIO3BOJISIET MHXKEHEPY, aHATTU3UPYIOIIEMY pa3Hble BAPHAHTHI, OBICTPOTIONYUYUTH
OOJBIION OMBIT. DTOMYy TaKXe CHOCOOCTBYeT TO, YTO B pe3yJbTaTe KOHEYHO-
AJIEMEHTHOTO pacyeTa MOKET ObITh IMOJy4YeHa O4YeHb MojapoOHas HHpOpMauus o
paboTe KOHCTPYKIINH;

= MKD wu3HayanpHO OBUT MpETHA3HAYCH [JIS UCIOJIb30BAaHUS €r0 Ha KOMITBIOTEPHON

TEXHUKE U B HACTOAIICC BPEM HAITMMCAHO MHOI'O IIPOTrpaMM pC€aIu3yIOIHUX 3TOT METOM.

DTO MO3BOJISIET OPTraHMYHO BKIIOUYUTH JaHHbIA MeToll B CAIIP npennpusrus;

* B KOHEYHO-3JIEMEHTHON TIIOCTAaHOBKE MOTYT OBITh peEIIeHbl MHOTHE 3ajayH,

BO3HHUKAIOIINE MPHU MPOEKTUPOBAHUU KOHCTpYKIMU. Kpome aHanuza ynpyrux cuctem



CYILIECTBYIOT alropuTMbl Ha ocHoBe MKD s pemienust 3amay Terionepenayd u
a’pOJMHAMUKH. JTO OYEeHb YJOOHO C TOYKM 3pEHHUs aBTOMAaTH3allMU IIpolecca
MIPOEKTUPOBAHMSI, TaK Kak Bce pabOThl MOTYT MPOBOJIUTHCS HA OJHOM KOMILJIEKCE

MporpaMM, W HE BO3HHMKAET MPOOJIEM C TepeAadeil JaHHBIX U3 OJHOW CHCTEMBI BAPYTYIO.

2 Ilpumepsl pelieHUs 3a1a4 AaHAJIU3A, IPOCKTHPOBAHUA U
ONTUMHU3ALMA KOHCTPYKIUMH PAKETHO-KOCMHYECKOM
TexHukH Bepeae MSC.Patran/MSC.Nastran

[Ipumepbl  pemieHust 3anad, MOPEACTABICHHbIE B JaHHOM  TJIaBeE,
IpEeIHAa3HA4YCHBl JUI1 O3HAKOMJICHUS C IpHEMaMH MOJEIMPOBAHUSA M PacdyeTaMu
pa3HbIX THUIIOB PAKETHO-KOCMUYECKUX KOHCTPYKUUWA B Cpele MpOrpaMMHOTO
npoaykrta MSC.Patran/MSC.Nastran. Kpome Toro, 3Tu 3amauu XapakTepHbI IS
BCEX ATAllOB KOHEYHO-3JIEMEHTHOTO MNPOEKTUPOBAHUS PAKETHO- KOCMUYECKUX
KOHCTpYKUuH. [Ipu pemenun 3TX 3a1a4 MOryT ObITh TIOJIE3HBI U31aHu4 [S, 6 ,7].

[Ipumep pemrenust 3amaun Nel “MonenupoBaHHEe M CTAaTUYECKUH pacyer
MJACTUHYATOM KOHCTPYKIMH ¢ wucnosib3oBanueM MSC.Patran/MSC . Nastran”
MO3BOJISIET HA TPOCTOM MPUMEPE OCBOUTH OOIIYI0 OCIEA0BATEIBHOCTH PA0OTHI TPU
MOJEJIMPOBAHUHU U CTATUYECKOM pacyeTe, 3HAaKOMUT C YHUBEPCAIbHBIM KOHEUHBIM
anieMeHTOM obostouku Shell.

[Ipumep pemienus 3amgaun Ne2 “MopaennpoBaHUE W CTATUYECKHI pacyeT
OOBEMHBIX  CHUJIOBBIX  DJIEMEHTOB  KOHCTPYKIMHM  C  HCIOJIb30BAHUEM
MSC.Patran/MSC.Nastran” ciy>kut sl IpUOOPETEHUSI HABBIKOB MOJICTUPOBAHUS
00BEMHBIX Tell B mpemnpolueccope Patran ¢ mOMOIIbI0 KOHEUHBIX 3JIEMEHTOB THIIA
Solid.

[Ipumep pemenus 3amauu Ne3 “MopenupoBaHue (EepMEHHBIX U PAMHBIX
CHUJIOBBIX 3JIEMEHTOB KOHCTPYKILMH ¢ ucnosibzoBaHueM MSC.Patran/MSC.Nastran u
pacyeT Ha YCTOMYMBOCTH 3HAKOMHUT C MOJEIUPOBAHUEM (PEPMEHHBIX U PAMHBIX
KOHCTPYKUMH  OaJloOYHBIMH KOHEUHBIMM dJeMeHTamu Beam, snemeHTamu
cocpenoToueHHOM Macchl MasS U BBIMOJHEHUEM PACUYETOB MOTEPH YCTONYMBOCTH
KOHCTPYKLHMU B IMHENHHOM nmoctaHoBke (Buckling).

[Ipumep pemenus 3agaun Ned4 “MopenvpoBaHre M pacyeT KOHCTPYKLMH
CTPUHTEPHOTO OTCeKa pakeThl-HocuTenss B cpene MSC.Patran/MSC.Nastran”
3HAKOMUT C MOJEJIMPOBAHUEM KOHCTPYKLHMH THUIIOBOTO CTPUHIEPHOIO OTCEKa

PAKETBI-HOCUTEIIA. B »sTon pa60Te BBIIIOJIHAKOTCA  PAaCdCTbl HAIIPSAKCHHO-



ne(hOpMUPOBAHHOTO COCTOSIHUS M TIOTEPU YCTOMYMUBOCTH B JTMHEHHOMTIOCTAHOBKE.

IIpumep pemenus 3amaun NeS5  “IIpoexkTHpoBaHHME  KOHCTPYKLMU
YIJIECOTOILUIACTUKOBOIO  TOJOBHOTO OOTEKaTeNlsl pPaKEeThl-HOCUTENSI B  Cpele
MSC.Patran/MSC.Nastran”. Llenbio maHHOl pabOThl SBISETCS MOJEIHUPOBAHHUE
KOHCTPYKIMU TOJIOBHOTO OOTEKaTeNsl pPaKEThl-HOCUTENS C MCIOJIb30BaHUEM
CIIONCTOTO KOHEYHOro JJieMeHTa Tuma Laminate, BBIOTHEHWE pPacdeToB
HaNpsKEHHO-I€(POPMUPOBAHHOTO COCTOSIHUSA, IOTEPHU YCTONUYUBOCTH KOHCTPYKLIMU
B JIMHEIHON MOCTaHOBKE, 4acTOT U (hOpM COOCTBEHHBIX KosieOaHuil. BeimomHseTcs
noaA0Op 4YHUCIAa CJIOEB OJHOHANPABJICHHOIO YTIJEIUIACTHKA B HECYLIUMX CIOSX
oOTeKaTes 0 yCIOBUSIM IIPOYHOCTH.

[Ipumep pemenus 3agaun Ne6 “MojnenupoBaHue Hae3lna aBTOMOOWIIS Ha
npenstctBue”. Llenb paboThl paccuuTaTh MEPEMENICHUE HECYIIed KOHCTPYKIIUU
aBTOMOOWJIS ITPU Hae3/le Ha HEPOBHOCTD JJOPOTH.
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[Ipumep pemenus 3amaun  Ne7 MopenupoBaHue CHJIOBOM padOTHI
(bIaHIIEBOrO COCAMHEHUS JIByX CTPUHTEPHBIX OTCEKOB C YUYETOM KOHTaKTa MEXITY
dnanmamu . llenb paboTs

— MO3HAKOMUTh CTYJCHTA C KOHTAKTHBIMM 3aJlauaMu, a TAK)Ke U3YUUTh CHEIUDUKY

paboThl (HIAHIIEBOTO COCTUHEHUS, B YaCTHOCTH KOH(UTYpaIMiO 30HBI KOHTaKTa

Mexy (hJlaHIIaMu M1 OCOOCHHOCTH Mepeiaun CUIl uepe3 GiiaHIeBOe COSUHEHUE.
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['maBHass wenp MpU pEIIEHWH JAHHOW 3aJadyd - OCBOUTH OOLIYIO
MIOCIEAOBATEIBHOCTh  ACHUCTBUM INPU  MOJECIUPOBAHUM  KOHCTPYKIMH B
MSC.Patran/MSC.Nastran. [loatoMy B naHHO#l paboTe Oyner paccMaTpuBaThCs

BC€CbMa MMPOCTadA KOHCTPYKIUS — IIPAMOYTOJIbHAA IIJIACTUHKA C OTBCPCTUCM.

2.1.1 OnucaHue KOHCTPYKIIUU
PaccmarpuBaemasi KOHCTPYKIUSI TPEACTABISET COOOM MPSMOYTOJIBHYIO

IUTACTHHKY C OTBEPCTHEM U3 ATFOMHUHHEBOTO CIUIaBa pa3MepoM a X b u ToymuHo t.
C onHOI CTOPOHBI IUIACTUHKA 3ajien1ana (puc. 2.1.1). K ctopoHe, mpoTHBOIOI0KHOM
3a/IeJIKe, MPUII0KEHA CHIIa P, paABHOMEPHO paclpeielIeHHas 10 CTOpOoHE. BennunHbl
a, b, t u P s pasHpIx BapuaHTOB NpuBeACHBI B Ta0. 2.1.1.

TpeOyeTcst paccunTaTh MOBEJACHUE TAHHON KOHCTPYKIIMH, MPEIOJIONKHUB, YTO
MEePEMEIIICHUSI TOYEK KOHCTPYKIMH MaJibl  (OTCYTCTBUE€ T€OMETPUUECKOM
HEJTMHEHHOCTH) U MaTepuai padoTaeT B mpeseax JUHEHHOTO yJacTKa JuarpaMMbl
HanpsHKeHUs-nepopManuu (0TCyTCTBUE (PU3MUECKON HETMHEUHOCTH).

[Ipy Takux AOMYLIEHUSIX MOXKHO HCCIIEIOBATh MOBEICHUE KOHCTPYKIUU C
noMoIIbio pemarens JInneiiHasa cratuka. J[aHHBIN pemiarens SBIIeTCS Hanboee
MPOCTHIM U3 BCEX AJITOPUTMOB, PEATTU30BAHHBIX B METO/IE KOHEYHBIX JIEMEHTOB, U
NOpeiCTaBlsAeT COOOW pElIeHHe CHUCTeMbl JIMHEWHBIX YpaBHEHUH MeToza
MIEPEMELICHNH :

[Kl{u} = {P}, (1)
rie [K] - matpuna sxectkocTH; {P} - BekTop y3/10BbIX CHII; {U} - BEKTOp IIEPEMEIICHHIA.
CocraBieHue U peUIEHUE 3TOW CHCTEMbl YPaBHEHUW paccMaTpUBAETCS B

Kypcax “CrpourenbHas MexaHuka H “[IpoyHocTs .



Puc. 2.1.1 PaccmarpuBaemast KOHCTPYKIUS

Tabnuua 2.1.1. 3HaueHune mapaMeTpoB KOHCTPYKIIMH JIJIsi Pa3HbIX BAPUAHTOB 3aJIaHUS

© s T
% 2 S S o T Q
S S| g E*|s88 ¢
3 I | i I | &89 S
2 q 5 5 =
- (5)
1 100 60 4 1000
2 100 50 4 800
3 200 60 5 2000
4 100 20 6 1000
5 300 120 10 7000
6 100 70 5 1500
7 100 80 4 b/4 1000
8 250 50 6 500
9 100 40 4 700
10 150 105 4 2000
11 100 80 2 1000
12 200 180 6 5000
13 300 30 8 10000
2.1.2 KoHeuYHBbIN 3/;IEMEHT TOHKOU N3ru0HOU 000I0YKHN
tuna Shell
I{HH MOI[CJ'IHpOBaHI/IH IIJIACTUHKMU C OTBepCTI/IeM I/ICHOJ'IB3yeM KOHC‘-IHBIﬁ SJICMCHT
Shell.

Onement Shell moxer BocnpuHUMaTh MEMOpPAaHHYH HAarpysKy, CIBUT B
TUIOCKOCTH O0O0JIOUKH, TMOTIEPEYHBIH CIBUT U WU3THO. DTOT DIIEMEHT MPUMEHSETCS

AJIs1 MOACIIMPOBAHUS KOHCTPYKHHﬁ, COCTOAIIUX U3 TOHKHX IIJIACTHUH U 000/104Y€EK.

2.1.3 Co3maHue 0a3bl JaHHBIX 3aaUYU
Ji1st Toro uToOBI HauaTh padoTy B cucteme MSC.Patran Hy)HO OTKPBITH 623y

JTAHHBIX, B KOTOpOW Oyner xpaHuTbcs Bcsi umHbopMmanus o Bameit 3amaue. Jls

9TOro0 HY’>KHO BBIIIOJIHUTH



koMaH1y TiiaBHOro MeHro File>New. B nosiBuBmemcst okue (puc. 2.1.2) tpedyercs
3a/1aThCIICAYIONTYI0 HH()OPMAITHIO:
e B nose “ums ¢aiina” Habpath uMs ¢aiisa, B KOTOpoM OyAeT pacrojiaraTbcsi 6a3za
naHHbIX Barmeit 3agaun. ®aiin umeet pacmupenue .db;

e B mone “Tlanka”, ecnu He yCTaHOBJIEHO, HAaOpaTh anpec daiina (MyTh AUPEKTOPUUHA

JIUCKE), T1ie OyIeT MOoMeIeH CO3aHHbIA (aii;

o Jlig ncniosiHeHUs: KoMaH bl — HaXkaTh Kiasuily OK.

i New Database =] BT

Template Database Name

| Dvmscypetran2001 r3template.db
Change Template .

[ Modity Preferences. ..

Hanka: I 4 HauMpoexr-MNW3d-2 j = |‘=:F Ef-

M plast_shell.db

M shell.db

M paiina: Iplast_shell_ﬂdb 0K I
Tun chaiinoe: IDatabase Files {* db} j Cancel |

Puc. 2.1.2. OxHo co3panusa 0a3bl JaHHBIX 3a0a4U

2.1.4 TeomeTpuueckoe MOAEJTUPOBAHUE

['eomeTpuueckas MoJelIb B COBPEMEHHBIX KOHEUHO-JIEMEHTHBIX CHCTEMax
HCIIOJIb3YETCS JIJIsl aBTOMATH3allMU MPOIIecca CO3/IaHUs MOJIETN. JTO JTOCTUTaeTCs
Omaromaps TOMy, 4YTO B  TPEMPOIECCOpax  peaTr30BaHbl  AJITOPUTMBI
aBTOMATUYECKOTO Pa30UEHUs T€OMETPUUECKIX 00BEKTOB (KPUBBIX, TOBEPXHOCTEH,
00bEMOB) Ha KOHEYHBIC DJIEMEHTHI.

['eomerpuyeckas Mojaelb MOXKET ObITh UMIOpTupoBaHa B Patran uz CAD-
CUCTEM WM ClIeJlaHa CPEJICTBaMHU CaMOro Ipempolieccopa. B nanHom mocoouu
reoMeTpruecKre MoIeIn0y1eM co3aaBaTh cpeacTBamu Patran.

[TockonbKy Halra KOHCTPYKIIUS MPEACTABISET COO0M TOHKYIO TUIACTHHKY, €€
MOKHO MOJIenupoBaTh obonodeynbiMu diemeHTamu  Shell. Ha oGonoueunsie
AJIEMEHTHI B MporpammMe Patran jerde Bcero MOKHO pa3OUTh MOBEPXHOCTH. Takum

oOpa3oM, reoMeTrpuyeckas MOJEidb Halleld KOHCTPYKIUU OYyJeT MpeACTaBISThH



co00¥ PSIMOYTOJIEHYIO TIOBEPXHOCTH C OTBEPCTHEM.

[Iporpamma Patran mpenocTraBisieT MOJIb30BATENI0 MHOT'O BO3MOXKHOCTEH ISt
CO3/IaHUs ITOBEPXHOCTEH. Bocmonmp3yeMcss OJHUM M3 TOAXOMSIIMX B JTaHHOM

KOHKPETHOM CJIy4yae crioco0OB.

1. CO3I[aZ[I/IM YCTBIPC YIJIOBBIC TOYKHW W LCHTP OTBCPCTUA IUIACTUHKHU, JIA 4YE€TrO HYIKHO

BOJTH B OKHO IpruioxeHunst Geometry, Haxas kiasumry ~o= | (puc. 2.1.3) u
BBI3BATh

OKHO KomaHAabl Create>Point>XYZ. HyXHaa KomaHAaa HabupaeTca B BbiNagaroLwmx
MeHIo onuuii Action, Object, Method.

Action: Create ™ |

COhject: Paoirt ™

Hid

Method: WYZ ™

Poirt D List

[

Retfer. Coordinate Frame
| Coord 0

[ A&uto Execute
Point Coordinates List
| [M20600]

-l

Puc. 2.1.3. OKHO KOMaHApb! CO34aHMA TOYEK MO KoopanHaTtam Create>Point>XYZ

DTa KOMaHJa peajiu3yeT OJHWH W3 BO3MOXKHBIX CIIOCOOOB 3aJIaHUS TOYEK -
XYZ. B none Point Coordinates List B kBagpaTHbIX CKOOKaX 3aJal0TCs KOOPAMHATHI
X, Y, Z Touek, pazaeneHHbIC MO0 mpoOemamu, MO0 3amaTeiMH. Homep
co3/1aBaeMoOi TOUKHM cucTema mpemiaraet B nmoje Point ID List. Co3nanue kax ot
TOYKH IMPOUCXOAUT IOCJIE MPABUILHOTO BBOAA BCEX HECOOXOIMMBIX JaHHBIX, CCIH

BKJIIoueHa oniust Auto Execute. B mpoTuBHOM cityuae

— mocie Haxatus kiasumm APpPly. Cosmaiite yriioBble TOYKH IUTACTHHBI M TOYKY ILIEHTpPa
OTBepCTHs. MOKHO BBIBECTH Ha JKpaH MX HOMepa, HaxaB Ha kiasuiry Show labels manenun
HHCTPYMCHTOB.

2. T'eOMeTpUYECKYI0 MOJENb MpEIIaracTcsi Caeiarth B BHIC IUIOCKOH MMOBEPXHOCTH,
OTrpaHUYCHHON KpUBBIMU. 7151 CO31aHus TaKOM TOBEPXHOCTH B cucTeme Patran TpeOyercst co3aath
KPHBBIC 110 BHEIIHUM T'PaHHUIAM ITOBEPXHOCTH U IO TpaHHIaM oTBepctus. [locie 3Toro HyxHO
00BETUHUTD KPUBBIC [0 BHEITHUM IPAHUIIAM U 110 TPAHHUIIAM OTBEPCTHSI B COCTABHBIC 3aMKHYTHIC

KOHTYpHI. CchlIasich Ha 3TH KOHTYpPBI CO3/1aTh IIOBEPXHOCTH IJIACTUHKHU. DTO MOXKHO CAEIAaTh TaK:



o [Fenmetr
b I[HSI CO31aHuA JIMHUKU BHCIIHEIO KOHTypa B HpI/IJIO)KeHI/II/I BBI3B3TL OKHOKOMAaHIbI

Create>Curve>Points (puc. 2.1.4). B monsax Starting point u Ending point ykasatsb
HAYaJIbHYI0 U KOHCYHYIO TOUKY CO3/IaBaeMOii INHUHU. BIOOP TOUEK OCYIIECTBISIETCS JTHOO
C IOMOIIBIO MBIIIH, THOO PyYHBIM BBOJOM C KJIaBHATyphl HOMEpa TOYKH B mouist Starting
Point List « Ending Point List. Homep co3maBaemoii KpHUBOIi CHCTEMa cama IIpeJiaraetT B

no3utuu Curve ID List. BeimonHuTh KOMaHay, HakaB kiaBuiry Apply.

Puc. 2.1.4. OxHO co3/1aHNs TUHUN BHEITHETO KOHTYpa MJIaCTHUHBI

Action: Creaste ™
Ohject: Curve ¥

ethod: Point ™

il

Curve |0 List
|2

Option: 2Point ™

H

¥ Auto Execute

Starting Point List
| Puaifit 3

Ending Paoirit List
| Paint 2

-Aply-

o [ eometr
I[J'If[ CO3daHUuA KpI/IBOI/I BHYTpeHHel"O KOHTypa B HpI/IJ’IO)KeHI/II/I Y BBI3BATh OKHO

koman el Create>Curve>2DCircle. B mone Coordinate Plane List yka3ath miockocThb, B

KOTOpOM Oy/IeT IMoCTpoeHa OKPYKHOCTh. B mpumepe Ha puc. 2.1.5 miockocTsb

omnpeneneHa 3-ii oceto (Z) 0-oif (6a30BOM) CHCTEMBI KOOPAMHAT. ITO
O3HAYaeT, YTO OKPYKHOCTH OYJICT JIekKATh B IIOCKOCTH, MEPICHIUKY/ISIPHOMI
sToi ocu. B moste Input Radius ykakute paanyc okpy>KHOCTH, a B mosie Center
Point List — To4ky B IEHTpPE OKPYXKHOCTH. BBINOJIHUTH KOMaHIy, HaXKaB

kiasury Apply.
[

[3e0metr
21.]'[5{ CO31aHHUA BHCIIHECTO KOHTypa B HpI/IJ'IO)KeHI/II/I 4 BBITIOJTHUTH KOMaH)Iy

Create>Curve>Chain (puc. 2.1.6). B mome Curve List ykaxure KpuBbIC
BHELIHErO KOHTYPa. BHYTpeHHMI KOHTYD 00bEAMHATE HE HY)KHO, TIOCKOJILKY

OH Y TaK COCTOWUT U3 OJHOW KpUBOW. BBIMOIHUTE KOMaHy, HA)KAB KJIABHIILY

Apply.



Action: Creaste ™
Ohject: Curve ¥

tlethoc: 2D Circle ™

a:

Curve |0 List
|6

— Circle Radius
* Input Radius

" Calculate Radius

|15

[~ Project to Plane

Construction Plane List
| Coord 0.3

[ Auto Execute

Center Point Lizt
| 2aint 5

-Apply-

Puc. 2.1.5. OKHO KOMaHAbl cO3a4aHMA OKpYyKHOCTK Create>Curve>2DCircle

Action: Create ™

Chiject: Curve ¥ |

Methiod: Chain ™

Curyve D List
|8

Ao Chain...

¥ Celete Constituert Curves

Curyve List
| Curve 2:4 1

-Apply- |

Puc. 2.1.6. OxHo KOMaH/Abl OOBEIUHECHUS] JIMHUA B OJIHY COCTaBHYIO
KPUBYIO

Create>Curve>Chain

[3 eametr
b I[J'IH CO3aHUA TOBEPXHOCTU B TPHUIIOKCHUN 4 BbI3BATH OKHO KOMAaH/AbI

Create>Surface>Trimmed (puc. 2.1.7). B none Outer Loop List yKaxknuTe KpUBYOBHELIHETO

KOHTYpa, a B none Inner Loop List — KPUBYI BHYTPEHHETO KOHTYpa.



Action: Create vl

Methac: Trimmed ™

Surface |0 List

|1
Option: Planar ™ |

Auto Chain...

[+ Use &l Edue Yerices

[ Delete Outer Loop

Outer Loop List
| Curve &

[ Delete Inner Loops

Inner Loop List
| Curve 5

-Apply-

Puc.2.1.7. OkHO KOMaHABI CO34aHUs IIJIOCKOM IMOBEPXHOCTH, OIPAHUYEHHON
KPUBBIMH,

Create>Surface>Trimmed
B p€3YJ'IBT aTC Ha 3KpaHC ITIOABUTCA HOBerHOCTB, OI’paHI/I‘ICHHaH KpI/IBBIMI/I C
OTBEPCTUEM BHYTPH.
Jlist Toro 94TOOBI MOCMOTPETh HOMEpPA MOBEPXHOCTH, KPHUBBIX U TOYEK,

HQXMHUTE MBIIIKOW HA KJIABHIILY L (Label Control) manenu wHCTpyMEHTOB B

MpaBOM BEpPXHEM YTIIy dKpaHa. B mosiBuBmemcs MeHto (puc. 2.1.8) mienkHure mno

COOTBETCTBYIOLIEH KJIABHIIIE.

% OO - |~ |3 = |

Puc. 2.1.8. [Tanens BU3yanu3amnuu uIeHTU(PUKATOPOB

00bekTOBKIIaBUIIIM aHE M 03HAYAIOT CJICAYIOIICE:

- MOKa3aTb naeHTUdMKaTopbl Bcex obvekToB (All Labels);

CJ _ noxkasats UICHTH(PHUKATOPBI Bcex reomeTpuueckux 00nexToB(All
Geometry);

i - MOKa3aTh HUICHTU(UKATOPHI BCEX OOBEKTOB KOHEUHO-3JeMeHTHOUW Moxenu (All

Fem);

- IOKa3aTh uAeHTUUKATOPHI Touek (Point);



F‘- MoKa3aTh UACHTH(PHUKATOPhI KpuBHIX (CUrve);

[ - mokasath HAeHTH(UKATOPHI MOBepXHOCTEH (Surface);

lﬁ{- mokasarh uaeHThuuKaTopsl conuaos (Solid);

7. noka3ath uaeHTH(HKaTOphI d1eMeHToB (Element).

- mokasath uaeHTrdukarops! y3imos (Node);

2.15 3ajaHue XxapaKkTepUCTUK
KOHCTPYKIIMOHHBIX MAaTepuaJIOB U
CBOHCTB3JIEMEHTOB

Ey
XapaKTepyUCTHKA MaTEPHATIOB 3a[I0TCS B OKHE IPIIOKEHHI 202" | (pHcC.
2.1.9).
Action: Create ™

Ohject: lsotropic ™ |
Method: tanual Input - |

I * Fitter |
Existing Materials
=
-
4 2
Material Mame
| &l
Description
Date: 05-Jun-07 Tirmes: =]
16:05:06
=
Input Properties ... |
Change Material Status I

Apply

Puc. 2.1.9. OKHO KOMaHAb! co3aaHunsa maTtepuranos Create>lsotropic>Manual Input

B sTomM OKHe AnA 3afaHuA M30TPOMHOrO MaTepuana NAacTUHKM Bblbepem KomaHay
Create>lsotropic>Manual Input. B none Material Name HyXHO 3a4aTb MmA maTtepuana.
Harkatmem Knasuwm Input Properties Bbi3BaTb OKHO 33aZaHMA XapaKTepUCTUK MaTepuanos (puc.

2.1.10)



I Input Options =

Constitutive Model: Linear Elastic - |
Property Mame Walue
Elastic Maculus = |
Poiz=zon Ratio = |
Shear Modulus = |
Density = |
Thermal Expan. Coeff = |
Structural Damping Coeff = |
Reference Temperature = |
Temperature Depitiodel Variable Fields:
-
-
Kl ¥
Current Constitutive Mocels:
=
-
Kl Y
e |

Puc. 2.1.10. OkHO 3a1aHus XapaKTEpPUCTUK MAaTEPUATIOB

B oTromM OKHE MOXHO 3agaTh YIPYrHe XapaKTEPUCTUKU MaTepuaa,
K02(pPHUIIMEHTHI TETIOBOTO PACIIUPEHUS U TETTIONPOBOIHOCTH, @ TAK)KE IJIOTHOCTH,
nemiipupoBaHue U MHOTOE Apyroe. J{Jist INHEHHOTro CTaTHYECKOTO pacieTa B OIIIUH
Constitutive Model nyxHO BBIOpaTh JIMHEHHO-ynpyruii Thm Martepuana Linear
Elastic. [danee 3amate moxyns ynpyroctu (Elastic Modulus), koaddunment
[Tyaccona (Poisson Ratio). B mo3urmuu Density MoXHO 3a1aTh ILIOTHOCTb
Marepuana. B okue (puc. 2.1.10) mocie BBoga gaHHbIX He 3a0yasTe HaxaTh OK, a
B OKHe co3manus marepuaioB — Apply.

CrenyromuM [IaroM co3JaHus KOHEYHO-IIIEMEHTHOW MOJENN  SIBIISETCS
3a/laHie CBOMCTBKOHEUHBIX 31eMeHTOB (Property), rae BBOJSATCS TJIaBHBIM 00pa3om
reOMETPUYECKHE XapPAKTEPUCTUKH DIIEMEHTOB M O0JIACTh MPHMEHEHHs CBOMCTBA.
CBoiiCTBa KaXOT0 TUIIA 3JIEMEHTOB COZIEPKAT CBOM HA0Op XapaKTepUCTHK. Tak,
reomeTpus 00osioueuHbIx 3nemMenToB Shell xapakrepusyercs TonmuHoONH 000109KH,
a OamoYHBIX 3J€MEHTOB Beam - miomanpio NomnepeyHoro cCe4eHus, MOMEHTaMHU

WHEPIHU ITOIICPECUYHOIr0 CCYCHUA U T. 1.
=

Properties

HaxxatueM kiaBuiu BBI30BEM OKHO TMpuioxeHus Property (puc.

2.1.11) u



Bbi3oBeM KomaHay Create>2D>Shell. B none Property Set Name Hy»HO 3aaaTb UMA

co3gaBaemoro CBOICTBA.

Action: Create ™ |

Ohject: o
Type: Shell 'l

Exizting Property Sets

o o

Property Set Name
| plast

Option(=):

Homogeneous - |

Stancdard Formulation N |

| Input Properties ... I

—Application Region
Select Members

A Remone |

Application Region

=
[

-Aply- |

Puc.2.1.11. OkHO co3maHus CBOMCTB DJIICMEHTOB

[Mpu waxatuu kmaBumm Input Properties mnosBiaseTcs OKHO 3aJaHHs
3HaYeHUM CBOMCTB 3yieMeHTOB (puc. 2.1.12). Jlns 371eMEHTOB TOHKOW H3rMOHOM
oboJtouku 3amaroTcss Marepuai (rmoje Material name) u TosmuHa 000J109KH (TT0JIe
Thickness). OcranbHble MONS B 3TOM paboTe 3a7aBaTh HE HY)KHO. BBITOIHHTE

komaHay — OK.



I Input Properties =]
Stan. Homogeneous Plate(CQllAD4d)

Property Marme Walue Walue Type

hizterisl Mame &l Mat Prop Marme 1=
[Material Orientation] | | cio |
Thickness |5 Real Scalar ™ |
[Monstructural Mass] I Real Scalar
[Plate Offzet] I Real Scalar
[Filer Dist. 1] I Real Scalar
[Filer Dist. 2] I Real Scalar L
=
Field Defintions
[~
-
i »

Puc. 2.1.12. OkHO 3agaHus 3HAYEHUN CBOICTB KOHEYHOT0 dtemenTa Shell

B none Select members okHa co3manus cBOWCTB ayeMenta (puc. 2.1.11)
HYKHO 33J1aTh 00J1aCTh TPUMEHEHHUS ATUX CBOUCTB. [lomMecTuTe Kypcop B 3TO MOJeE,
U 3aTeM YKKHUTE KypCcOpOM MBIIIKM Ha MOBEPXHOCTh IUIACTUHKH. BhImoyiHHUTE

komauay — Apply.

2.1.6 Co3aaHue KOHEUYHO-3JIEMEeHTHOM CeTKU
Pa3mep KkOHEUHOro 3JeMeHTa B ATOM 3a7jaue PEKOMEHyeTCsl BbIOpaTh TaKoMH,

9TOOBI KaXKJlas CTOpOHA IOBEPXHOCTHM Obla pa3duta HEe MeHee dem Ha 10
aneMeHTOB. [laHHas pekoMeHaIusl OCHOBaHA Ha IBYX COOOpakeHUsIX. Bo-TiepBBIX,
0oJbITIee KOJTUYECTBO DJIEMEHTOBHE JIACT CYIIECTBEHHOTO YBEIMYCHHSI TOUHOCTH B
JaHHOW  3amade. Bo-BTOpbiX, OpaThb MeEHbIIEE KOJUYECTBO  DJIECMEHTOB
Hellenecoo0pa3Ho, Tak Kak B TaKOM MaJCHBKOW 3aJade SKOHOMHUTH HE HMEET
CMBICIIA.

JUIst  co3maHMsl KOHEYHBIX DJJICMEHTOB Ha ITOBEPXHOCTH HEOOXOIMMO

BBIIIOJIHUTD CJICAYHOIINC I[CﬁCTBHﬂ.

E

1. VkasaTb pazmep sneMeHToB. Boiitu B npunoxkenne Elements, naxas kiapuury ©omens

BesBate okHO Komauael Create>Mesh Seed>Uniform (puc. 2.1.13). 3mech MOXHO
3a7aTh JIMOO YKCIIO 3JICMEHTOB BaoJb KpuBo# (omius Number of elements) nmubo pasmep

anemeHToB (ommus Element length). Ykasas onun u3 3Tux mapametpos, B mose Curve list



CJIelyeT yKa3aTh (BBIOPATh MBIIIKOW) K Kakoi kpruBo# (CUrve) 3To OTHOCHTCS.
Beimonaute komanmy - Apply. Takum o0pa3oM Ha3HA4YHUTH pa3MeEpsl

QJIECMCHTOB [JII BCCXKPHUBBIX ITOBCPXHOCTH IIJIACTHUHKH.

Action: Create |
Ohject: MeshSeed ™ |
Type: Uniform ™ |

Display Existing Seeds |

—Element Edge Length Data

% Numker of Elements
™ Element Length (L)

Mumber = I 2

¥ Auto Execute
Curwve List

-Apply- |
Puc. 2.1.13. OxHO 3amaHusi KOJWYECTBA JJIEMEHTOB HA OJIHOW M3 CTOPOH

IMOBCPXHOCTH INIACTUHKH

2. Pa30uTh Ha KOHEYHBIC DJIEMCHTHI IMOBEPXHOCTH IUIACTHMHKH. DJTO MOXHO CcJelaTh B
npunoxennn Elements ¢ momompio komanasr Create>Mesh>Surface (puc. 2.1.14)
CIIeyIOIKUM 00pa3oMm:

[lenkuyB mpImkoi B mose Select Surface BBectu naeHTUHUKATOP MOBEPXHOCTH TIACTUHKA

— WJIA HaOpaTh HOMEP MOBEPXHOCTH WJIM YKa3aB €€ MBILIKOW Ha HKPaHE;

YcranoButs omiuio Elem Shape B monoskenue Quad, Tak kak pa3oUBaTh MIACTHHKY Oy1eM Ha

YEThIPEXYTOJbHBIC JIEMCHTHI,

YcranoButh omuuio Mesher B mosnoxenue Paver. Dtor anroputm pa3OHEHHs CIIOCOOCH

CO3JIaTh CETKY Ha MOBEPXHOCTX JIF000H ciokHOoCcTH. AnroputMm ISOMesh mosker pa3ouBath

TOJILKO TOTIOJIOTMYECKH YETHIPEXYTOIbHBIC WA TPEYTOJIbHBIE 00JIaCcTH;

YcranoButh ommuio  Topology B monoxenne Quad4, Tak Kak 3JEMEHThI OyayT

gyeThipexy3ioBeiMi. B mossix Node u Element cuctema mokasbpiBaeT, ¢ Kakoro 3HaYCHUST OHA

HAYHET HyMEpPOBATh HOBBIC Y3JIbI M 3JIECMEHTHI IIPU BBITOJHEHUH 3TOW KOMaH/IbI,

Pasmep anemeHTa BHyTpH IOBEpXHOCTH onpenesercs napamerpom Global Edge Length. Jlmst

3TOM 3aJaud PEKOMEHIYETCS OTKIIIOYMTh aBTOMATHYECKOC BBIYMCICHHE 3HAYCHHS 3TOTO

napametpa (ommus Automatic Calculation) u 3amates 310 3HaueHue B mose Value mpumepHO

PaBHBIM pasMEpy 3JICMCHTOB BJOJIb I'PAHUIL;



e [lepen BbIMONHEHHWEM KOMaHIbl (Haxkatue kiuaBui APPlY) pekoMeHayeTcs COXpaHSTh

MOZCIIb, IIOTOMY 4YTO B CjIy4da€ HCIIPABUJIBHOI'O YKa3aHUs pasMepa KOHEYHOI'0 3JICMCHTA,

AIIEMEHTOB Ha MOBEPXHOCTH MOXKET OKa3aThCsl CIUIIKOM MHOTO U KOMIIBIOTED
noucHeT. CoxpaHeHHWEe MoOJeNHu ocymlecTBisercs Komannoun File>Save
IJIABHOTO MEHIO.

B pesynbpraTe BHIMOJIHEHHMS KOMaHABI Ha 3KpaHe mosBUTCI KD-monens.
[IpuMepHBIiA BUI MOJENH IIJITACTUHKH MPUBEIEH Ha puc. 2.1.15.

JUisg pa3HbIX pa3MEpOB 3JEMEHTOB IO TpaHMIIAM U BHYTPU MOBEPXHOCTH
MOJTy4aloTCs pa3Hble KOHEUHO-3JIEMEHTHbIE ceTku. Hanboiee TOUHbIE pe3yinbTaThl
OyIyT MoJy4aTbcs, €CIU BCe 000J0UEUHbIE KOHEYHBIE AIEMEHTHI IO popMme OyIyT
OJMM3KM K KBaJpaTHOW. MeHssl pa3mepbl 3JE€MEHTOB BJOJIb TPAHULl U BHYTpPHU

ITOBCPXHOCTH, HOCTapaﬁTeCB I[O6I/ITBC$I, yTOOBI KOHEUHBIC JJIEMEHTHI IIO

Action: Creste ™

Object: Mesh ™

HEE

Type: Surface ¥

Mode |21z

|—Output 1D List

Elemert 173

Elem Shape Cuyad ™
esher Paver ¥

Tapoloy Quadd ¥

HHH

Paver Parameters... |

Mode Coordinate Frames. . |

Surface List

—Global Edge Length
v &utomatic Calculation

Yalue | |

Prop. Mame: - Mone -
Prop. Type: - ML -
Select Existing Prop... |

Create Mew Property... |

-Aply-

BO3MO>XHOCTH UMEJH IPABWIBHYIO (popMy (OTHOLIECHHE AJTMHBI K IIUPUHE dJIEMEHTa

MEHbIIIE 2, OTKJIOHEHHE YIJIOB OT MPsAMOro yria He 6oiee 30°).

Puc. 2.1.14. OkHO co31aHUA CETKU KOHEYHEIX DJIEMEHTOB



Puc. 2.1.15. KoHeuHO-371€eMEHTHAs MOJI€JIb IUIACTUHKU C OTBEPCTUEM

2.1.7 3amaHvie TPAHUYHBIX YCJIOBUN
['panuyHbIe yca0BUS M0 PU3NYECKOMY BO3ICUCTBUIO PA3ICIISIIOTCS:
® Ha CWUJIbl ¥ MOMCHTBI B BHJIC COCPCAOTOUYCHHBIX U PACIIPCACICHHBIX 110 JJIMHE U IIJIOIAau
Harpys3ok;
" 3aJaHHBIC ICPCMCILICHUAA,
® KHHEMAaTH4YECKUue BO3HCﬁCTBHH — YCKOPCHH:A, CKOPOCTHU U IECPCMCIICHUS ]

"  TCEIUIOBBIC BOSHCﬁCTBHH B BUJC TCMIICPATYPhI U TCIUIOBOTO IMOTOKA.

[To cnocoOy nmpuinoxeHus: K 00beKTaM MOJEIHN Harpy3Ku KI1acCUPUIIMPYIOTCS
KaK:

=  00BEMHEIE;
"  Y3JIOBBIE;
®  DJIEMCHTHEIC.
Pacuet MoxeT MpoBOAUTHLCSA JJIs1 CJI0KHOTO COUETAHUSI TPAHUYHBIX YCIIOBUM.
I'panuunsie ycnous B cucteMe MSC.Nastran M0O>XHO pa3fie’InuTh Ha Harpy3Ku
U 3akperuienus. Harpysku npeoOpas3yroTcss B KOMIOHEHTBI BEKTOPA Y3J0BBIX CHII
(Bektop P B ypaBHeHuu (1)), a 3akperieHUs SBISIOTCS JOTOJHUTEIbHBIM
ypaBHEHUEM, HCKIIOYAIONIUM 3aKpeIIsieMble CTEIeHH CBOOOJBI W3 pacuera.
Hanpumep, nepemenieHue mo kakoil au00 cTeneHd CBOOOIbI MPUPABHUBACTCS
Hymt0. K 3aKkpemieHusiM OTHOCSTCS 3aJlaHHbIE IEPEMEICHUS, 3aJaHHbIE MO
TEMIIEPATYp B 3aJade TEIUIONPOBOJHOCTH M Jp. Harpy3kum MoryT 3agaBaTtbcsi B
mo00il yIoOHOM cHucTeMe KOOpAMHAT, a 3aKpeIIieHUsT — TOJbKO B CHCTEME
KOOPJMHAT y3JI0OB MOJIEJIH, OCH KOTOPOM COBMAJIal0T CO CTETEHSMHU CBOOOIbI y3JI0B
B pacyere. B cBs3uM ¢ 3TUM Mbl OyneMm pa3Aeniarh TPaHWYHBbIE YCIOBHUS Ha

3aKperieHusl U Harpy3ku, xots B cuctreme MSC.Patran oHM W 3amar0Tcs OJHUM



MPUIOKEHUEM. L

nads/BC=
lPpaHUuYHble ycnoBMA 3adatoTca B npunoskeHun Loads/BCs (knasuuwa ).&'os,u,a,u,mm

3aKpenneHuA BAO/1b O,CLHOﬁ CTOPOHDI NNAACTUHKHN c nomoubto KOMaHAabl

Create>Displacement>Nodal (puc. 2.1.16):

e B mosie New Set Name 3agaiiTe ums 3aKpeTUICHHUS;

e iaBumeil Input Data BbI30BUTE OKHO 3a/aHUs BEIMYMHBI 3a/IaHHBIX MEepeMEeIeHUI
(puc. 2.1.17). B mome Translations cieayer BBeCTH BEKTOP IOCTYHATEIbHBIX
MepeMEeIIeHUI, COCTOSALINI U3 TpeX KOMIIOHEHTOB, pa3J/IeIeHHBIX MPOOeIaMu WU
3ansaThIMH U OOBEIMHEHHBIX B YIJIOBbIe ckoOkH. B mone Rotations cienyer BBectn
BEKTOp MTOBOPOTOB B TOM e opmare. 3a7esIke COOTBETCTBYET 3aKpPEIICHHE 110 BCEM
CTemeHssM CBOOOABI M B 3TOM ciyyae o00a BEKTOpa, OMpEAeINsIoNlue 3aJaHHbIe
nepemenienus, npumyt Bua “< 0, 0, 0 >”. Eciu HyXHO 3a/1aTh NepeMEeUIeHUsl He 110
BCEM CTEIEHSAM CBOOOJBI Y3JIOB, TO 3HAUEHUE IEPEMEILEHUS 110 HE3aKpEeIIsIeMbIM
CTETEHsIM CBOOOJBI HYKHO TpoIycTuTh (Hampumep, < 0, , 0 >). BepHurecr B 0KHO
npunoxerus Loads/BCs, naxas knasunty OK;

e maBuineii Application Region BbI30BHTE OKHO 3afaHUs 00JaCTH MPUMEHEHHUS
rpanuyHoro ycioBus (puc. 2.1.18). B Hamem ciydae Mbl JIOJDKHBI 3a7aTh
MepeMeleHus Ui Y3JI0B, JEeKaIINX Ha OJHOW M3 TpaHed MOBEPXHOCTU IIIACTHHKH.
DT0 MOXHO cJenaTh 1100 BbIOpaB onmuio Geometry u ykasas B moste Select Geometry
Entities rpans moBepxHoCcTH, 1100 BbIOpaB ommuto FEM (anrnumiickas ab0opeBuatypa
OT “KOHEYHO-3JIeMEHTHas MoJieNib”’) U yka3aB B mosie Select Nodes y3ibl, nexkarue Ha

I'paHH IOBCPXHOCTH. BrIoIHUTE KOMaHy, Ha’)XaB KIIaBUITY Apply



Action: Creste ™ |
Ohject: Displacement A |
Type: Mocsl ™ |

—Current Load Caze:
Drefault...
Type: Static:
Existing Sets
=
w
4 2
Mesn Set MNatme
Inputt Dt |
Select Application Region... |

-Apply-

Puc. 2.1.16. OkHo KomaHAap! Create>Displacement>Nodal npnnoxeHua cosgaHums

rpaHu4YHbIX ycnosuit Loads/BCs

LoadBC Set Scale Factar

|1

Translations =T1 T2 T3= -
| < =
Raotations =R1 R2 R3=

|<>

-
4 I I ]
Spatial Fields
=
>
Kl -
FEM Dependent Data. |

Analysiz Coordinate Frame
| Coord 0

oK | Resst |

Puc. 2.1.17. OkHO 3a1aHus BETUYMHBI BBIHYKJIEHHBIX TIEPEMEIIICHUN



Geometry Fiter
* Geometry
= FEM

— Application Region
Select Geometry Entities

Acd Remove |

Application Region

=

Puc. 2.1.18. OkHo 3ananust 06J1aCTU MPUMEHEHHUS TPAHUYHOTO YCIOBUS

[Ipuinoxxkum K Hamel KOHCTPYKIMU JEHCTBYIOIIYIO crity. IIocKonbKy cuia
pacrpeesieHano CTOPOHE TUIACTHHKH, TO €€ HEOOXOAUMO PaclpeleiuTh MEKIY
y3JIaMu, JICKAIIMMA Ha JaHHOHM cTtopoHe. [IJis TOro 4To0bl CHila pachpeeTniach
PaBHOMEPHO, B K&KIBIA y3€]I HACTOPOHE HAMO MPHJIOXKHTH IOJIO CHJIBI, PABHYIO
P/N,er, TIE Nyper — YUCIIO DJICMEHTOB BJIOJIb CTOPOHBI. B yIiioBBIC JKe Y3JIbI JOJDKHBI
OBITH TPUJIOXKEHBI CHITBI P/(2N,,0,,).

3agaauM  CHIy  BIOJIb  CTOPOHBI  IUIACTHHKH,  IPOTHBOIOJIOKHOM
3aKpeIICHHOH, ¢ momomsio Komauael Create>Force>Nodal, (puc. 2.1.19). Do
JenaeTcs MoA00HO 3aJaHMIO 3aaHHBIX HepeMelneHui. TOIbKO BMECTO BEKTOPOB

HepeMemeHHﬁ 3aJal0TCA BCKTOPHBI CHUII.



Action: Create ¥

Ohject: Force ¥

LEL

Type: Nodal ¥

Current Load Case:
( Default...

i Type: Static

| Existing Sets

x|

Newy Set Name

Input Data... J

Select Application Region... |

-Apply- |

Puc. 2.1.19. OkHO KomaHabl Create>Force>Nodal 3agaHna Harpy3oKk B MPUAONKEHUU

Loads/BCs

COBOKYITHOCTp ~ TpaHUYHBIX  YCJIOBHMM,  ONUCBHIBAIOIIUX  YCJIOBHS
(YHKIMOHUPOBAHUS KOHCTPYKIMHU B KAaKOW-TMOO CUTYyallMd, Ha3bIBAKOTCS CIydyaeM
HarpykeHusi. Bce co3gaHHBIE TpPaHWYHBIE YCJIOBHUS ITOMEIIAKOTCA B CIIydaid
Harpyxenus ¢ umeHem Default (mo ymorganuio). Ha mpaktuke 4acTo mpuXoauTcs
MCCJIEI0BATh TMOBEACHUE KOHCTPYKLUMU JJII HECKOJBKUX CIy4aeB HarpyXeHus,
KOKIBII W3 KOTOPBIX XapaKTEpU3yeTCsl CBOMMM Harpy3kamMM W CBOUMH
3aKperuieHusiMU. JlJist Toro 4To0bl HE CO3[1aBaTh JIs KaXAO0T0 CiIy4as Harpy>KeHUs
MOJEJIb CO CBOMMHM 3aKpEIUICHUSMH M Harpy3kamu MOJENIb MOXET COJIEpXkKaTh
HECKOJIBKO cllydaeBHarpyxeHus. [locMOTpeTh cocTaB 3TOro ciaydas HarpyKeHHs

WIN CO3JIaTh JAPYTUE CIydau Harpy>KeHHsi MOXKHO C MOMOIIBIO npuiioxenus Load

H

Cases (k1apama " E%),

2.1.8 3amyck Ha pacuer

3amyck Ha pacyeT BBINOJHICTCS B OKHe mpuioxenus Analysis (puc. 2.1.20),
KOTOpO€e

2

OTKpBIBAeTCS Ha)kaTHeM KiaBuimd ¥ xomannoit Analyze>Entire Modal>Full

Run. Bux ananu3a BeiOupaeTcs ¢ moMolbio kiasummm Solution type (puc. 2.1.21)..



[Ipu pemenuu 3TOH 3a7aun Mbl CUMUTAEeM, YTO B MaTepHalie HET IUIACTHUECKUX JepopMalui,
MIEPEMEICHUS TOYEK

KOHCTPYKLIIMM Majbl M CYIIECTBEHHO HE U3MEHSAIOT TIE€OMETPUI0 KOHCTpyKuuu. Harpyska
HEMEHSETCSl BO BpeMEHU. Takoil CUTyallu COOTBETCTBYET BUJ aHanmu3a Linear Static (nmueiinas
cratuka). KiaBuma SubcaseS mo3BoyisieT HACTPOUTh pACUYETHBIH citydaid (BBIOOp —citydas
Harpy>xeHus, Habopa BbIJaBacMbIX pe3yJbTaTOB W Jp.), a kiaBuima Select Subcases mossosser
BBIOpATh PacyeTHBIH ciydail (ciydamn) uisi pacuera. J{ns ciydyas nHarpyxkenus: Default pacuernsrii
cilyyall HacTpauBaeTcs U BbIOMpaercss 1o ymoiyaHuio. OcTalibHble KJIABUIIM JAlOT JOCTYI K
Pa3IUYHBIM OINLUAM, B KOTOPBIX 37€Ch HET HEOOXOIMMOCTH Pa30UpaThCs, MOCKOJIBKY UX 3HAUEHUS
10 YMOJIYaHUIO MTOAXOIAT B HALLIEM CIIyYae.
[Tocne naxkatus kinaBui APPlY TporUCXoIUT Crieayomee:

e Patran reHepupyer ¢aii 3aJaHus Ha pacyeT ISl CHCTEMbl KOHEYHO-3JIEMEHTHOT'O aHAJIN3a
MSC .Nastran;
e Cucrema MSC.Nastran 3ammyckaercsi U BbIIIOJIHSET pacyeT B COOTBETCTBUH C 33JaHUEM Ha
pacuetr. B pesynbrare pacdera cozmaercs Qaii (B HamieM ciiydae ¢ paclIdipeHHEeM
Xxdb), conepsxaruii pe3ysbpTaThl pacyera.
JIs1st TOro 4T00BI IIOCMOTPETh PE3YJIbTAThI B cHCTeMe Patran HY»HO NPHCOSAUHUTD (aili
pe3ynbTaToB K Oa3e naHHbIX Patran-a. DToO MOXHO cielaTh C IOMOIIBIO KOMaHJbI ACCESS
Result Data>Attach XDB>Result Entities. 3nech Hyx)HO yka3zaTp (aiil ¢ pe3ylibTaTaMu C

nomoripio kaaumm Select Result File u naxars kinasumry Apply.

Ohbject: Ertire Model e |
Method: Ful Run ™ |

Code: | MSC Mastran |

Type: | Structural |

Available Jobs

Job Mame
| Plast

Job Descrigption

MSC Mastran job created on ;I
22-Jun-07 &t 16:35:09
=
Translation Parameters...
Solution Type. ..
Direct Text Input...

Subcases..

Subcase Select. ..

Apply |

Puc. 2.1.20. OKkHo KomaHab! Analyze>Entire Modal>Full Run npunoxeHua Analysis




MSC Mastran
Soalution Type

Solution Type:
i+ LINEAR STATIC

" NOMLINEAR STATIC
" NORMAL MODES

" BUCKLING

" COMPLEX EIGENY ALUE
" FREQUENCY RESPONSE
" TRANSIEMT RESPONSE
" NOMLINEAR TRAKSIENT
" IMPLICIT MONLINEAR:
" DDAM Solution

Selact ASET/OSET. . |

Solution Parameters... |

Solution Sequence: 101

oK |

Puc. 2.1.21. OxHo BeIOOpa BU/Ia aHAM3a
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