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O nporpamme

Yro mesaer nporpamMmma:

Fastener Doctor — mporpamMma Juis JIeYeHUS W KOHBEPTAIlMH Kpereka B
mozensix MSC Patran. C ee mnoOMOIIBbIO HHXEHEPHI MOTYT aBTOMAaTHUECKU
npeoOpa3oBaTh BeCh OAIIOYHBIN KPENeK B MOJETH B Kpernex PyrMaHna u Hao00poT,
a TakkKe OCYIIECTBUTh IIOYMHKY JIIOOBIX MapaMeTpOB Kpereka, BKIFOYast

KCCTKOCTH CMATHUA U O®CCTBI.

IIpaBoBast uHpopManMs:

Ora nporpamma pacHpoOCTpaHseTcss MO YHHUBEPCaJbHOW OOIIECTBEHHON
munen3u GNU. [ToyHbI TEKCT JUIEH3UN OCTABIISETCS BMECTE C MPOrpaMMOi U
HAXOJUTCS B JHUPEKTOPHH IMpOrpaMMbl B mamke License, a Taxke MOCTyIeH MO

anpecy: http://www.gnu.org/licenses/. OCHOBHBIE MOJIOKEHHSL:

e Dra mporpaMma SIBJISIETCS CBOOOJIHBIM IPOrpaMMHBIM oOecriedyeHueM: Bol
MOXETE pPACHpOCTPaHITh €€ W/UIM U3MEHSATh, COoOJifoAas YyCJIOBHS
YuuBepcanpHoil  oOmiecTtBeHHoM smmnen3un  GNU,  omyOiamkoBaHHOM
®oH0M CBOOOJHOTO MPOTPAMMHOT0 oOecneueHust, JIMbo peaakiuu 3, 1udo
(na Bamie ycMoTpeHue) 110001 peakiiiuy, BBIMYIIIEHHOMW MO3XKeE.

e Dra mporpaMma pacrnpoCTpaHSETCs B HAJEkKIE Ha TO, YTO OHA OKAXKETCS
nmone3noir, HO BE3 KAKUX-JIMBO FAPAHTHPI, BKJIIOYAs J1axe
nospasymeBaemyto rapantmio TOBAPHOW IIPUTOJHOCTH, nm6o
IIPUTOJHOCTU JIJI OITPEJEJIEHHBIX IIEJIEM. OsnakoMbTech c
YHuBepcanbHol obOmecTBeHHoU nuiien3uer GNU s momyuenust Gosee

noApoOHOM nHpOopMaIy.

KonTakTsl pazpadorunka:
Copyright (C) 2018 — 2019 Muxawnt Ko3J10B.

Caiit npoekra: http://www.fastenerdoctor.ru/

AJlpec 3JIEeKTPOHHOM MOYTHI JJIsI CBSI3U € Pa3padOTUYUKOM:

doctor.fastener@gmail.com
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CucremHble TPeOOBaHUA:

OC: 64-pazpsauas Windows 7, 8, 8.1, 10.

VYcranosnenusiit MATLAB (npennoururensho), 1160 GNU Octave.
OnepatuBHasT MaMATh: HEOOXOMUMBI 00BEM 3aBUCHUT OT pa3Mepa
3arpyxaemoii B porpammy u3 bdf ¢aiina momenn. 4 I'6 — MUHUMAITBHBIHA
o0beM (HeOombiue mojaenu), 8 ['60 — pexkoMeHayeMbiii 00beM (OobIIHE

MoOAeIH, ~1-2 MJITH. KOHEUHBIX 3JIEMEHTOB).

Nudpopmanus niis pa3padboTUMKOB:

[Ipu ycioBuM CcOOMIOICHUS TMOJIOKEHUN YHHUBEpPCAIbHON OOIIECTBEHHOM
muueHsun GNU Ha OCHOBE JaHHOW MPOTPaMMbl MOKHO CO3/1aBaTh APYroe
[10, ocHoBanHO€ Ha yTeHUHU Mojienu u3 bdf daiina.

Crnucok nojiepKuBaeMbIX KapTouek Haxoaurtes B aitne Read BDF.m.
Crneundukauuy noaaep >KMBaeMbIX B JaHHOW BEpCHUU MPOrPAMMBI KapTOUYEK

aktyanbHbl ¢ Nastran 2010 mo Nastran 2018.

BHUMAHMUE!

Ilepen ucrnonb30BaHUEM MIPOTPAMMBI 03HAKOMBTECH C PA3EIOM
«U3BecTHBIE IPOOIEMBI U OTPAaHUYEHUS !




1 Cnucok yHKUMM WU npuMepbl  UCMNONb30BaHUS

nporpamMmmbil

Cnucoxk pyHKUMA NpOrpamMmbi:

1. Ilounnka kpenexa Pyrmana:
e JXectkoctu BUSH-351eMenTOB (MeTas1, KOMIIO3HUT).
e Cucrtembl KOOPAUHAT B y3JaX.
e Crenenu cBoOoasl RBAR.
e OdceTrbl TOUECK CMSTHS.
e «llayku» B OTBEpCTHIX.

2. TlounHka GaJO4YHOrO Kpemnexa:
e OdceTbl TOUEK CMSTHS.
e «llayku» B OTBEpCTHSX.

3. KonBepranus kpemnexa:
e banounslii B Pyrmana.
e PyTmaHa B OalOYHBIH.

4. Tloctpoenue B Patran ocel pacrio3HaHHOTO Kperexa.

5. IIpeobpa3zoBaHue cETOK B MECTaX YCTAaHOBKHU Kperexka.

IMounnka xkecrrocreit BUSH-31emenToB

B cnyuyae kpenexa PyrMana MOXHO BBIIIOJIHUTH IOYMHKY JKECTKOCTEU
BUSH-snemenToB B Metawie u B koMmmnosute. JlaHHas QYHKUIUS MOXET
UCIIOJIb30BAThCS NIl OOHOBJICHUS KECTKOCTEH CMATHS B Kpenexke PyTrmana mocine
npoBefeHust B KD Mozaenu mro0bIX HM3MEHEHHM B 30HaX Kperexka, BKIoYas
YCTaHOBKY HOBOT'O TBEPJOTEIBHOTO KPOHIITEHHA ¢ qpyruMu ToimuHamu (Puc. 3).
[Ipu BeIMONHEHNM TOYMHKK kecTkocTedl BUSH-snemenToB Ttakxke Oymer

MMPOU3BCACHA ITOYMHKA CUCTEM KOOPAHWHAT B y3JIaX 0oxaTa.



Buumanue! B Tekymeld BepcHMM NpOrpaMMbl JKECTKOCTH CMSITUS B
KOMITO3UTE BBIYHMCIAIOTCS NPHOIMKEHHO, M METOJUKA WX IOJy4YeHHUs BepHa

TOJIBKO B HEKOTOPBIX ciydasx (cM. pasnen « TeopeTruueckasi ClipaBKay).

ITounHKa cHCTEM KOOPAMHAT B y3Jax 0osita Pyrmana

[Tpu moYmHKE CHCTEM KOOpIWHAT BO BCeX y3imax O0onra PyTrmana 3amatorcs
MPaBUJIbHBIE CUCTEMbI KOOPJIMHAT aHaJW3a U pedepeHCHbIE CHCTEMbI KOOPAMHAT.
Jannass ¢GyHKIMS TO3BOJMT, HAampUMeEp, YCTPaHUTh OIIMOKKM B Clydyae, Korja
Kpenex PyTmana ObuUl MMIOPTUPOBAaH W3 JAPYTOM MOJIENH, IOCHIE 4Yero Obuia
BBITIOJIHEHA omepanus Equivalence, BcieAcTBHE KOTOPOHM HEKOTOPBIC —Y3JIbI
Kpemneka ObUIM 3aMEHEHbl Yy3JlaMU CYIIECTBYIOLIEH ceTku. B pesynbrare 3Toro
CHCTEMBbl KOOpPAMHAT aHalIM3a B JAHHBIX Y3JIaX OKaXXyTCS HENPaBUIBHBIMHU, YTO
npuBeAeT K HempaBuibHOM pabotre RBAR B Oonte. AHanoruuHas curyanus
BO3MOXKHA TMpU YCTAHOBKE Kperexka PyTMana B OTBepCTHUS TBEPAOTEIbHBIX

KPOHIITEHHOB C MOMOILBIO METO1a (PUKTUBHOM CETKH.

Houyunka/mMmoaupukanus crenedeii ceodboast RBAR
B cnyuae kpenexka PyTmaHa MOXHO BBIIIOJIHUTh TMOYHMHKY WIIU
MoauduKauio crerneHeit cBoboasl RBAR  (Takke aBTOMATHUECKH OyreT
IIPOM3BEICHA IMOYMHKA CUCTEM KOOPAMHAT B y3i1ax 0oJita). BeIoMHEHNE TOUMHKH
creneHeit cBo6oapl RBAR MokeT moHagoOuThes, €M MO KaKMM-TO MpUYUHAM
OHM OKaXyTCsl HENpaBWIbHBIMU. B 3TOM ciydae mnporpamMma IPUCBOUT BCEM
RBAR B 6osTe npaBuiIbHBIE CTETIEHU CBO0OABI. Moaudukanus creneHed cBo0O b
RBAR MokeT 1OHagoOMTHCSA, KOTrJa I0JIb30BATENh 3aX04YeT HM3MEHHUTH METO]
3aKkperieHust 0onra PyrMaHa oT moBopoTa BOKpPYT cBoel ocH. JlaHHBIN mapameTp
KOHTpoJupyeTcsi Hactpoitkoi RutFast Axial _Constraint (cm. pasmen «Omnucanue
HaCTPOEK MPOrPAMMBI»). 3aKPEIJIEHUE MOKET OCYIIECTBISATHCS:
e [IlocpencTBoM mepenaur BpallaTelbHONW CTENEeHU cBOOO bl mepBbiM RBAR-

QJICMCHTOM.



e Uepes rpaHnvHOE YyCIOBHE, 33JaBaCMOE IOJH30BATEIEM CAMOCTOSTEIHHO.
(Baumanme! B atom ciydae mporpaMMa OCBOOOIUT CTEp)KeHbL 00JiTa IT0
oceBoMy BpaineHuto. I[lojbp3oBareib JODKCH caM 3aJaTh T'PAHHUYHOE

ycioBue R3 = 0 B 0JJHOM M3 y3J10B CTEpPXKHsI 00JITa).

IToynHka 0)ceTOB TOUEK CMATHS
[Tonp30BaTETh MOKET OCYIIECTBUTH MOYUHKY WU YAICHHE 0(PCETOB TOUCK
cMmaTHs B Kpenexe. [lounnka odceToB TOUEK CMSATHS HY>KHA JIJIsE TOTO, YTOOBI:
e [Inactuna c opceToM He UCTIBITHIBANIA TAPA3UTHBIN U3TUO OT NEUCTBUS CUIIBI
cmstus (Puc. 1).
e J[IMHBI CETMEHTOB CTEPKHEW Kpemexa MEXIy SApycamMu COCIUHEHUS

CO6HIOIIEU'II/ICI), 1 U3ruo KpCIICiKa MOACTIUPOBAJICA KOPPCKTHO.

I_I II I/ . - ﬁ
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Puc. 1 Cgepxy — mnapa3uTHblii M3rud miacTuHbl ¢ ogceToM, KOraa CHJIbl CMSATHS
AEHCTBYIOT HA YPOBHE 3JIEMEHTOB; CHH3Y — OTCYTCTBHE NMAPA3MTHOI0 U3ruda B IUIACTHHE C
oceToM, KOraa TOYKH ACHCTBHA CHJ CMATHS PACHOJAralTcsd Ha YpPOBHE CpeIMHHOM
IVIOCKOCTH IJIACTUHBI

B pesynbpTare mounHku 0(hCeTOB TOYEK CMATHS Y3JIbI Kperexa MepeHoCsITCs
Ha CpPEIMHHYI IUIOCKOCTh TIUIACTHHBI, a MEXIy Vy3JIOM Kpemexa u
COOTBETCTBYIOIIUM Y3JIOM IUIACTUHBI ycTaHaBnuBaeTrcs RBE2, mepenaromuii Bce

CTENEHU CBOOO/IEI.



[Tonb30BaTesb TaKKe MOXKET YAATUTH BCE O(PCETHI TOUEK CMATHS B KPETIEKeE,
ecim xkenaet. [Ipu aTom u3 mMoaenu OyayT yaaneHsl cooTBeTcTByIonme RBE2, a
Y3716l KpEIIeKa CTaHyT HAPSMYIO IIPUBSI3aHbI K y3J1aM CETKHU.

Ha Puc. 2 mokazano ucmpaBieHue oCceToB TOUEK CMATHSA Ha TMpHUMEpe
00JTa HyJEBOU JJIMHBI (TaKOE€ BO3HUKAET, KOT/IA JJIsl IOCTPOEHUS! CETOK BBIOPAHBI

CMEXHBIE TIOBEPXHOCTHU JIBYX JI€TaJICHl).

[ 1

Oetanb 2

Ae-ranb 1 Cetka 2

Bano4yHbil 6o1m

Hyreeoll OUHbI Bonm nocne
MOYUHKU oghcemoe

Puc. 2 UnarocTrpanus NOYMHKA 0)CeTOB TOUYEK CMSATHS HA MPUMepe 60J1Ta HYJIeBOit
AJIMHBbI

INounHKa «ayKOB» B OTBEPCTHAX

Kpemnex moxer ObiTh ycTaHoBIeH B 2D/3D oTBepcTHsi B CETKE C IOMOIIBIO
«raykoBy» n3 RBE2 wnu 6anounsix snementoB. Eciu B pe3ynbTaTe U3MEHEHHI B
MOJIEJIA OKa3aJIoCh TaK, YTO LIEHTPAIbHBIN y3el «mayka» OoJibllle He HaXOIUTCS B
LEHTPE OTBEPCTHUS (HampuMep, K Kpernexy OblT MPUCOEAMHEH HOBBI KPOHILITEHH C

HN3MCHCHHBIMH TOJIH_II/IHaMI/I), TO IIOJIB30BATCIIb MOXCT OCYHICCTBUTL ITOYHMHKY



HEHTPAJIBHOIO y3J1a «IayKa», B pe3ybTaTe KOTOPOil OH OyAeT nepeMelleH B IEHTP
orBepctusl. Ilpumep NOYMHKM «rmayka» B TBEPAOTEIBHOM OTBEPCTHH IPHU

HN3MCHCHHMH TOJIIIHWHEI IT1OsCa KpOHIIITCfIH& roka3ad Ha Puc. 3.

Bbonm do Bonm nocne bonm nocne
U3MeHeHUSs U3MeHeHUs MOYUHKU

Y3en «nayka» nepeHeceH 6
UeHmp Ho8020 omeepcmus
* MWUcnpaeneHa dnuHa 6onma

Puc. 3 HpnMep MOYHUHKHU 00JITa B TBEPAOTECJIBbHOM OTBEPCTUH ITPH U3SMCHCHHUHU TOJIIUHBI
mosica KpOHIHTeﬁHa

KonBepranus kpenexa

IIporpamMma 1o03BOJIIET KOHBEPTHPOBATh OaJOUYHBIA KpEmexX B Kpemek
Pytmana, a Ttaxxke kpenexx Pyrmana B Oamounbiii kpenex. IIpu stom B 00oux
ClIly4asiX aBTOMAaTHYEeCKH Oy/eT BBINOJHEHAa MOYMHKAa O(CETOB TOYEK CMATHUS.

[IpumMep KoHBepTaIMK 0aJOYHOTO Kpemnexa B kpernex PyTrmana rnokasan Ha Puc. 4.



KouBepranus kpenexka MOXET NPUMEHATHCA C IEIbI0  YNPOIIEHUs
ycTaHOBKH Kkpemexa Pyrmana B KO mogenu. J[ns 3Toro mosnp3oBarenb CHaudaia
paccTaBisseT B MOJEIU OaJIOUHBbI Kpemek, a 3aTeéM HCIHOJb3YEeT Mporpammy
Fastener Doctor nist mpeoOpa3oBaHus €ro B kpernex Pyrmana.

Taxke cyliecTByeT MNpakTHKa MCIONb30BaHUS B pacueTax Ha IOTEpIo
yCTOMYMBOCTU 0ajO4YHOro Kpemeka (T.K. IPU MCIIOJIb30BAaHUU Kpeneka PyTrmana
MOJKET TOSBUTHCS MHOXKECTBO HE(PU3UYHBIX WM COMHHUTEIBHBIX MOJ MOTEpU
ycroiunBoctr). B 3TOM ciaywyae mosb30Bareiab MOMKET BOCIOJIB30BATHCSA
nporpammoit Fastener Doctor mist mpeoOpasoBanusi kperexa Pyrmana B KO

MOJICNTN B 0AJIOYHBIA KPETICK.

Puc. 4 [Ilpumep KoHBepTaNHH 0AT0YHOr0 Kpemne:ka B Kpene:xxk Pyrmana

10



IHocTpoenne B Patran oceii pacno3HaHHOT0 Kpemeka
B AUArHOCTUYCCKUX HCJIAX MOKHO BBIIOJHUTL ITOCTPOCHUC B Patran c
IIOMOIIBI0 JIMHUKA OCEH Kpelexxa, paclo3HaHHOro nporpammou. Ilpumep

MOCTPOCHUS OCEH Kpereka rnmokaszad Ha Puc. 5.

Puc. 5 IlocTpoenue oceii pacno3HaAaHHOI0 Kperne:ka

IIpeoOpa3oBaHue CETOK B MeCTAX YCTAHOBKHU Kpelneska

[Iporpamma Fastener Doctor mno3BoJsiieT HU3MEHSTh CETKYy B MeCTax
YCTAaHOBKM  Kpemeka. MOXKHO  BBIIOJHATH  B3aMMHOE  IpeoOpa3oBaHUE
ponctBeHHbIX ceTok (Puc. 6 — Puc. 8). Ha Puc. 9 mokaszan mpumep yCTaHOBKH

JokanpHOTrOo ycuieHust u3 RBE2 B ceTke n3 0007109€UHBIX 3JIEMEHTOB.

11



Tonbko obonoyeyHble 3neMeHThbI

% ~
/; v

Ycuneuve us RBE2 (HesaBucumeiii ysen RBE2 Ycuneuue ns RBE2 (He3aBucumbiiiysen RBE2
NpUHaANEXUT 060N10UEUHBIM INEMEHTAM) He NPUHAANEKUT 060/10UEUHBbIM INEMEHTAM)

A

Coenagaiowme B NPOCTPAHCTEE Y3/bl

Puc. 6 Bo3mo:kHbIe B3aMMHbIe IPe00Pa30BaHNUS CETOK U3 000109€4YHBIX 3JIEMEHTOB

Mnockoe oTeepcTHe ¢ Knaykom» ns RBE2

Mnockoe OTBEpCcTHE C {NayKomM»
M3 Bano4YHbBIX 3N1EeMEHTOB

S @)

Puc. 7 Bo3amo:xkHbIe B3aMHbIe MPe00pa30BaHus CETOK B CJIyuyae SBHOTO OTBEPCTHSI B CeTKe
M3 000J10YEYHEBIX )JIEMEHTOB

12



ObbvemHOe OTEEPCTHE € KNnayKom» us RBE2

O6beMHOe OTEEPCTHE C KMAYKOM»
Mz 6anovHbIX 3NeMeHTOB

1
1
— _—— gl
y 1

/ | —— L

%
A Y
e

Puc. 8 Bo3amo:kHbIe B3aUMHbIE npeoﬁpa3onaﬂnﬂ CETOK B CJ1y4ae siBHOI'0 OTBEPCTHUA B CETKE
U3 TBEPAOTECJIBHBLIX 3JICMECHTOB

Puc. 9 IIpumep ycTaHOBKH JIOKAJBLHOTO Ycuiienus u3 RBE2

13



HNHoe ucnosib30BaHue NPOrpamMMbl
[Ipu ycnoBum coOmOACHUS MOJOKEHUM YHHUBEPCATBHON OOIIECTBEHHOM
muuen3un GNU  Ha OCHOBE JaHHOW MpPOrpaMMbl MOKHO CO3/1aBaTh JpYyTUe

uHctpyMeHThl 11t MSC Patran, ocHoBanHbIe Ha yTeHUH Mojienu u3 bdf daiina.

14



2 Mpoueaypa paboThbl

2.1 Cxema pabombI npoepamMmbli

Cxema paboTsl mporpammsl npuBeaeHa Ha Puc. 10.

B-=-9" ="

Patran FASTENEH DOCTOR Patran

Puc. 10 Cxema pa6oThbl HIporpaMmmbl

PaGota ¢ nporpamMmoii COCTOUT U3 CIEAYIOIIUX 3TANOB:

1. Tonw3oBarens co3maet (aitn BDF co Bceit Mojiesbio Uik €€ 4acThlo.

2. Ilporpamma Fastener Doctor cuutsiBaer ¢aiin BDF, Bocco3mgaer y cebs B
naMATd MOJIe]b, HAaXOJUT B HEW KpemexX U BBHIMOJHIET HEOOXOIUMBbIE
JICUCTBUS.

3. Buecenne wusMenenuii B 0a3zy Patran ocymecTBisieTcs ¢ TOMOIIBIO
MPOUTPHIBAHKS  TOJIYYEHHOTO B  pe3ysibTare paldoThl  MPOTPaMMBbI

CECCHOHHOTO (haiina.

15



2.2 OnucaHue npouyedypsbl pabombi

2.2.1 MNoaroTtoBka mopgenu B Patran

e B MSC Patran gomkHa OBITH CO3/1aHa KOHEYHO-3JIEMEHTHAs MOJEIb, U B
HeW paccTaBieH Kpemex Jroboro Buma (OamouHslii, Pytrmana, nmubo o6a
BHJIA).

o [logmepxuBaeMbie THITBI KpPETeKa U CETOK, Ky/Jla YCTAaHABIIUBACTCS KPETICK,
paccMoTpeHnbl B pazfene «[loanepkuBaeMble TUIBI CETOK U KPEIexKa.

e Pacno3naBaemblii mporpamMmoi kperex PyTmana B 000J04€4HOM CeTKe
MOJKeT OBITh paccTaBjIcH ¢ moMoInplo yTmThl Fastener Builder (Puc. 17), a
Takxe ¢ momoiisio yruutel Fastener Builder (shells solids) (Puc. 17), ecu
B Hell wmcmosb3yercs Hactpoiika Plate-to-Plate-Contact > Rigid. Omgnako
PEKOMEHIYETCsI HE TOJIh30BATHCS BTOPOHM YTHIIMTON MPH CO3JaHUN OOJITOB
Pyrmana (cM. pa3aen "M3BecTHbie IPpOOIEMBI M OTpaHUYCHHUS ).

e DjeMeHTaM, TrpaHUYalMM C OOJTOM, JOJKHBI OBITh TPHUCBOCHBI
property set’sl.

o CrepKHU Kpemexka [OJDKHBI OBbITh MPSMOJMHEHHBIMU (MaKCUMAaJIbHBIN
JIOMyCKAaeMBbIi yToJl U3j10Ma COCTaBiseT 1°).

e Buumanue! Ilporpamma Oyner HenmpaBuwibHO paboTaTh Ha OoJTax,
YCTAaHOBJICHHBIX B CKOIIICHHBIE TPEXMEPHBIE OTBEPCTHs (KOTZIa OTBEPCTHE
«IPOCBEPJICHO» HE TI0 HOpMauu K Aetanu, Puc. 15). Heobxoaumo uzberath
TaKOTO Kperexa.

e Ecmu kpenex ycranoBieH B 2D orBepctHe, M OT UEHTpPaIbHON TOUYKHU
OTBEPCTHS K ero KpoMke BeneT RBE2, nubo «mayk» u3 6aiok, To Bce Jiydu
RBE2/«mayka» u3 0ajgoK JOKHBI BECTH TOJIBKO Ha KOHTYP OTBEPCTHS M HE
3aXBaThIBAThH y3JIbI 32 KOHTYPOM OTBEPCTHSI.

o Ecmm kpemex ycranoBieH B 3D oTBepcTue, W OT IEHTPAIbHOW TOYKHU
OTBepCTHs K ero creHke Bener RBE2, nubo «mayk» u3 0anok, To Bce aydu
RBE2/«mayka» n3 0ajloK TOJDKHBI BECTH TOJILKO Ha CTEHKY OTBEPCTHS M HE

3aXBaTbIBATb Y3JIbI 34 CTEHKOM OTBCPCTHL.

16



2.2.2

Kpenexx Pyrmana ¢ cummerpueir (Puc. 16) He mommepkuBaeTcs U He
PaCIIO3HAETCS MPOTPAMMON.

Ecniu B Mopnenu cymiectByeT OOJNT, YCTaHOBICHHBIH B TIPOYIIUHY, TO
niepenieNnbiBaTh ero B 0ont Pyrmana cnemyer ¢ GOJBIION OCTOPOKHOCTBIO,
TaK KaK TEOpHsl CMITHA PyTMaHa OMUCHIBAET TOJBKO CIydail pacCTaHOBKU
Kpere)ka B PeryJsipHbIC 30HBI (COSIUHEHUE IIACTUHOK), U paboTa 0oiTa B
NPOYIIMHE C WCIOJIb30BAHHEM JKECTKOCTEH CMSTHS, BBIYHCICHHBIX TIO

MCTOJUKE PYTMaHa, MOJKCT OIIKMCBIBATLCS HEKOPPEKTHO.

Co3spaHue BDF

[TporpaMmMa pacro3HaeT W MU3MEHSET TOJBKO TOT KPENeX, KOTOPHIA ObLI
skcnopTupoBas B bdf.

BDF ¢aiin gomxen ObITh co3aan B Patran.

[Mpu cozmanum bdf ¢aiina B Patran Hy»XHO BBICTaBISATH HEOOXOIAUMBIC
HACTPOWKHM TOYHOCTH, YTOOBI HE Tepsumch 1udpbl nocie 3amsroi (Write
stored precision — B Patran 2011; Card format > Large — B Patran 2014).
BDF @aitn  nmomxen Obith (opmata UNSORTED (mactpoiika 110
ymonuanuio B Patran). ®opmar SORTED He moaiepkuBaeTcsi 1 HUKaK HE
oOHapyxuBaeTcsi mnporpammoi. FEro wucmosib3oBaHWe TMPUBEAECT K
HETPECKAa3yEeMbIM ITOCIICICTBHUSM.

[Mpu co3manuu bdf B Translation parameters He Hy>XHO CTaBUTh TaJIOYKY
HanpotuB mnapametrpa Write continuation markers. Mapkepsl npoaicHUS
CTPOK HE MOJICPKUBAIOTCS B TEKYIIICH BEPCHUU TPOTPaAMMBbI.

Kaprouku B bdf daiine moryr umets dopmarer Small Field u Large Field.
dopwmar Free Field ve momaepxkuBaeTcs B TEKyIIeH BEPCHH TPOTPAMMBI.
Nmena kaprouek B bulk data section mokHBI HAYMHATBCS C TIEPBOTO
CHUMBOJIA B CTPOKE.

B o0bpryHOM ciydae MoOxHO 3kcroptupoBath B bdf daitn Bcro momens
nenmukoM. Ecin Monens conaepKuT OO0NbIIoe KOJUYECTBO JJIEMEHTOB, TO

pekoMmeHyeTcss coxpaHiatb B bdf Tompko Ty wacte wmopmenwm, rae
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2.2.3

224

pacroyiaraeTcsi Kpemnex, HaJl KOTOPbIM He0OXOIMMO MPOU3BECTH OTIEPAIIUH.
BmecTe ¢ KaxapIM 3JEMEHTOM Kpemeka JIODKEH OBITh COXpaHEH KYCOK
CCTKH, OKPYKAIOIIUKA €ro CO BCeX CTOPOH. TpeOyeTcss XOTs Obl OJMH Ps
KOHEYHBIX AJIEMEHTOB BOKPYT KpemexKa.

B bdf daitne taxke moryr comepxkatbesi RBE3, cayxamue s pasnadu
Harpy3ku. VX Jydd MOTYT NMPUXOIUTH Ha JIFOOBIC Y3JIbI, MPUHAICIKALINE

CKPCINIACMBIM ACTAJIAM, B 30HAX YCTAHOBKH KPCIICIKA.

PaboTta c nporpammom

3anycture MATLAB, nu6o GNU Octave.

Ortkpoiite B MATLAB / GNU Octave ¢aitn FASTENER_DOCTOR.m.
3anaiite He0OXOANMMbIE HACTPOMKH.

3anycTuTe mporpaMMy HakaTUEM KJIaBUIIM FS U JOXKIUTECh OKOHUYAHUS €€

BIMONIHEHHU. MH(pOpManus O BBINOJHCHHHA NPOrPaMMBbl IOSBISCTCS B
komanaHoM okHe MATLAB / GNU Octave.

CeccuoHHBIH (haiin ¢ pe3ynbTaTaMu BBIIIOJIHEHHS IPOrpaMMbl OyAET Co3AaH

B TOM e Mmarike, rjae pacrnosiaraercs bdf daiin.

OnucaHue HacTpoek NporpaMmmbil

Hactpoiiku mporpamMmbl 3aatl0Tcsi B COOTBETCTBYIOIIEM pasjeie ¢aitina

FASTENER_DOCTOR.m.

IHapameTpsl 6a3b1 Patran

B nanHOM pasnerie HACTPOEK 3aJal0TCs CICAYIOIIUE MOPSAKOBBIC HOMEpa

o0BekTOB B Oa3e Patran, a Taxxe wcmoib3yeMas B MOJCIU €AWHHIA U3MEPCHHS

JJIMHBI (OHa CIYXXUT OJIs1 KOPPEKTHOI'O0 pacucTta AOIMYCKOB B MOACIIAX, B KOTOPBIX

CAWHNIA USMCPCHUA OJIMHBI OTIIMYHA OT MM) CHC}IYIOH_II/IC MOPAAKOBBIC HOMECPA

00BeKTOB B Patran He0OXOAWMMO 3HATH I CO3JAaHUS HOBBIX OOBEKTOB B 0Oase B

npoliecce MPOUrphIBaHUSI CECCHOHHOTO (paiiia.

Heo0Oxoaumo 3amath:
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Caenyrommii Homep y3ia B 6aze Patran (I'te cmotpets: Elements -> Create -
> Node -> 3nagenue nojst Node ID List).

Cnenyronuii Homep smeMeHTa B 0aze Patran (I'me cmotpets: Elements ->
Create -> Element -> 3nauenwne moisis Element ID List).

Caenyronmii Homep MPC B 6a3e Patran (I'me cmotpers: Elements -> Create
-> MPC -> 3nauenune nosist MPC ID).

Cnenyromuii Homep kpuBoii B 0a3e Patran (I'me cmortpers: Geometry ->
Create -> Curve -> 3nauenue noiist Curve ID List).

Craenyronuii HOMEp CHUCTEMBbI KoopauHat B 0Oa3e Patran (I'me cMoTpeTh:
Geometry -> Create -> Coord -> 3nauenue nojst Coord ID List).
Caenyromuii Homep property set ¢ mpebuxkcom FD B 6ase Patran (I'me
cMoTpeTh: Properties -> Create -> crmcok property set'oB. ITpumep: eciu
FD 000000325 mocnegnuit B 6a3ze, TO HY>KHO 3anaTh 326. Eciu Takux

property set'oB B 6a3e HET, TO HY>KHO 3a/1aTh 1).

ITapameTpbl BBOIa-BbIBO/1A

B manHOM pazmene ykaspiBaeTcsl paboyas mamnka (Tamnka, TIe pacroyaraeTcs

bdf ¢aitn) m wma bdf daiina. Mms bdf daiina moxHO yKa3piBaTh Kak ¢

pacmmpeHreM, Tak u 6e3 Hero. B paboueii manke OyAeT co3/1aH CECCHOHHBIN (aiin

C pC3yJibTaTaMHU BBINIOJIHCHUA IIPOrpaMMBI.

Koundurypuposanue 3aganui

B manHOM pazpene HaCTpauBarOTCA ACHUCTBHUS, BBIOJIHIEMbBIE ITPOrPAMMOMN.

Onpenenennas rpynna JEHCTBUI Ha3blBaeTCAd 3ajaHueM. B mporpamme

CYIIECTBYIOT CJAEAYIOIINE MSITh TUTIOB 3a1aHUM:

1.

[Tounnka 6onTOoB PyT™MaHa.

. ITounHka 0aJI0YHBIX OOJITOB.
. KonBepranus kpenexa.

2
3
4.
5

[TocTpoenue ocert pacno3HaHHOTO Kpernexka B Patran ¢ moMOIIBIO JTMHHM.

. IIpeoOpa3zoBaHue CETOK B MECTaX YCTAHOBKHU Kpernexa.
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3a OJIMH 3aIlyCK IPOrpaMMbl MOKHO BBIIIOJIHUTH CPa3y HECKOJIBKO 3aJIaHUM.
To, kakWe 3agaHus W B KakOM MOpsAAKEe OyAyT BBIIIOJHEHBI IPU 3aIyCKe
nporpammbl, omnpezaessiercss napamerpom Task_Order. OH MOXeT NpPUHHMATH
3HaYEHUs] B BHJIE CTPOKH, COCTOSIIEH M3 TOCIEAOBATEIBHOCTH 1UDp,
o0o3HavawIIMX HoMep 3adaHud. Ecom unudpa OTCyTCTBYET, TO 3a/laHue
COOTBETCTBYIOILLErO TUIMA He OyneT BoinonHATbeA. Hanpumep, ecniu Task Order =
'241', To mociienoBaTENbHO OYAYT BBINOJHEHBI 3a1anue Ne2, 3ananue Ned, a 3arem
3aganue Nel.

3ajaHue KaKJI0TO THIA MOXHO AETAIbHO CKOH(MUTYpUPOBaTh, yKa3biBas B
pasjienie ero HacTpOeK pas3inyHble napameTpbl. Hampumep, MOXHO BBIOpaTh, 4TO
MMEHHO YMHUTH IIPM NOYMHKE Kpemnexa Pyrmana. OmnucaHue nmapameTpoB M HMX

BO3MOJKHBIEC 3HaUeHUs mpuBeaeHbl B Tadn. 1 — Taba. 8.
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Tab6a. 1 [TapameTpsl NOYMHKH Kpenexa Pyrmana

Bo3moxHbIE
Ha3zBanue napamerpa Onucadue
3HAUEHUI
TRUE [Tounnka opueHtanuu u sxectkocrer BUSH-anemenToB (Takke Oyner

RutFast_Repair_Bush

MIPON3BEICHA TOYMHKA CUCTEM KOOPIMHAT B y3i1ax 00JTa).

FALSE Kectkoctu BUSH-31emMenTOB ocTanyTCst 6€3 N3MEHEHMIA.
[Tounnka odceroB ToUek cMsTHS (Y3JIbI Kperexka MEPeHOCATCS Ha CPEAUHHYIO
TRUE IJIOCKOCTh IIJTACTUHBI, & MEXKY Y3JIOM KPEMNeka U COOTBETCTBYIOIIUM Yy3JIOM
TUTACTUHBI ycTaHaBauBaetcss RBE2, nepenaromuii Bce crenenn cBo0OIbI).
RutFast_Repair_Offsets FALSE OdceThl TOYCK CMATHS OCTaHYTCS 0€3 N3MCHCHHIA.
Vnanenne odceroB Touek cmsATHA (M3 Mojenw  OyAyT — yJaJCHBI
REMOVE | cootBerctBytomne RBEZ2, a y371bl Kkpernexka cTaHyT HampsMyIO0 MPUBS3aHBI K
y3J1aM CETKH).
Hentpanbubiii y3en MPC wunm «mayka» u3 OajJOYHBIX 3JIEMEHTOB OyJleT
RutFast_Repair 2D_Holes TRUE nepeHeceH B ueHTp 2D otBepctus (Ecth orpanmuenusi! Cwm. pasgen
«M3BecTHBIC IPOOJIEMBI I OTPAHHYCHUS).
FALSE IenTpanbubiii y3ea1 MPC unu «nayka» u3 0anok octaHeTcsi 0€3 U3MEHEHH.
Hentpanbubii y3en MPC unm «mayka» u3 OaJouHBIX 3JIEMEHTOB OyJneT
RutFast Repair 3D_Holes TRUE nepedecen B 1eHTp 3D otBepctus (Ecth orpanumdenus! Cw. pasaen
«/3BecTHBIE IPOOIEMBI U OTPAHUYCHUSY).
FALSE [enTpanbubiii y3ea MPC unu «mayka» u3 6amok octTaHeTcst 0€3 N3MEHEHUI.
[TounHKa CHUCTEM KOOpPAWHAT aHadu3a W pedepPeHCHBIX CHUCTEM KOOpPIWHAT B
TRUE y3nax Oounra. [Ipu 3TOM ecnu y y3nma OonTa MEHSETCS CHCTEMa KOOpAWHAT
RutFast Repair Coord aHaJin3a, TO CTENEHU ch060):[51, nepeaaBaeMbie COOTBETCTBYIOMKUM eMy RBAR,
1epe3aaloTcs B HOBOM CHCTEME KOOPIUHAT.
EALSE [lounHKa cHUCTeM KOOpPAWHAT MPOU3BOAUTHCS HE OyAeT, €Clid TOJIbKO He
IIPOM3BOJIUTCS TIOUMHKA KECTKOCTEH CMATHS WK cTernieHer cBo6oasl RBAR.
RutFast_Repair RBAR_DOFs | TRUE [Mounnaka/mMogudukamus  creneneid  cBobompt RBAR  (takke  Oyzer

MpoU3BeJIeHA MOYMHKA CHUCTEM KOOpAMHAT B y3iax Oonra). Ecim mapametp




RutFast_Axial_Constraint ycranosien B 3Hauenne RBAR _DOF, 1o crenenu
cBo0oapl RBAR OynyT MoauduimpoBanbl TakuM 00pa3oM, UYTO 3aKperUIiCHUE
O0onra PyTMana OT TOBOpPOTa BOKpPYr CBOEH OCH OyIeT OCYIIECTBISATHCS
MOCPEACTBOM Tepe/laydl BpamaTeIbHOW cTerneHn cBoOoasl mepBbiM RBAR-
sanmementoM. Ecnmm mapamerp RutFast Axial _Constraint ycranosiaeH B
sHaueHue USER_BC, 1o ctenenu cBo6oasl RBAR Oynyt MoauduimpoBanb
TaKuM 00pa3oM, 4TO 3aKperuieHue 0osra PyrMana oT moBOpoTa BOKPYT CBOCH
OCH JIOJDKHO OyAET OCYIIECTBIATHCS Yepe3 TPAHWUYHOE YCJIOBHE, 3a7aBacMOe
MOJI30BATEIEM CaMOCTOSTEIbHO. B 3TOM ciydae mporpamma OCBOOOJHT
CTEp’KeHb 00JITa TI0 OceBOMY BpamieHuro. [lomp30BaTens momkeH OyaeT cam
3a/1aTh rpaHnyHoe ycaoBue R3 = 0 B 0JHOM U3 y3J10B CTepKHA 00JITa.

FALSE

[Tounnka mpousBoauThes He OyaeT. Crenenu cBoboabpl RBAR octanytcst 6e3
V3MEHEHUN.

Taba. 2 [TapaMeTpbl NOYMHKH 0AJTOUYHOTO KpernekKa

Bo3MoxHbIe
Hassanue napamerpa Onuncanue
3HAYEHHUS
[TounHka odceToB TOUEK cMATUS (Y3IIbI KpEreka NepeHOCSTCS Ha CPEIHUHHYIO
TRUE IJIOCKOCTh IUJIACTUHBI, @ MEXIY Y3JIOM KpeEreka U COOTBETCTBYIOLIUM Y3JI0M
TUTACTUHBI ycTaHaBnuBaetcs RBE2, nepenaromuii Bce crenenn cBoOOIbI).
BarFast_Repair_Offsets FALSE OdceThl TOYEK CMATHUS OCTAHYTCS O€3 U3MEHCHUH.
VYnanenne odceroB Touek cmATUA (M3 MoAend  OyayT  yJaJleHbl
REMOVE | coorBerctBytonne RBE2, a y31mbl kpemexa CTaHyT HampsIMylO MPHUBS3aHBI K
y3JIaM CETKH).
Hentpaneubiii y3en MPC unm «mayka» u3 OalloOUHBIX DJIEMEHTOB OyAeT
BarFast_Repair 2D_Holes TRUE nepeHecen B 1eHTp 2D otBepctus (Ecth orpanumuenusi! Cm. pasgen
«UM3BecTHBIC IPOOJIEMBI U OTPAHUUEHUS»).
FALSE [enTpanpubiii y3en MPC unu «maykay u3 0anok ocTaHercs 6e3 H3MEeHEHUi.
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BarFast_Repair_3D_Holes

Hentpanbubii y3en MPC unm «mayka» u3 OajJOuHBIX 3JIEMEHTOB OyJler
TRUE nepeHeceH B ueHTp 3D otBepctus (Ecth orpanmuenusi! Cw. pasgen
«/3BecTHBIE TPOOIEMBI U OTPAHUUYCHUSY).
FALSE [enTpanbubiii y3en MPC unu «mayka» u3 0anok octaHetcst 0e3 M3MEHEHUH.

Ta6u. 3 [lapameTpbl KOHBEPTALMH Kpemnexa

HasBanue napametpa

Bo3moxHBIC 3HaUCHUS

Onucanue

Fastener_Convertion

ALL_BAR_TO RUTMAN

KonBepranus OanouHoro kpemexa B kpenexx PyrMmana (taxxe OyaeT
MpoM3BeJeHa MOYMHKAa O¢ceToB Touek cmsatusa). [lpm sTtom ecnu
napamerp  RutFast Axial_Constraint ycraHoBieH B  3HAYCHHE
RBAR_DOF, To crenenn cBo6oasl RBAR OyayT ycTaHOBIIEHBI TaKuM
o0Opa3oM, 4To 3akperuieHre 6osta PyrMana oT moBopoTa BOKPYT CBOEH
ocl OyneT OCYHIECTBIATHCA MOCPEACTBOM MeEpeNadd BpallaTeIbHOU
creneHu cBoOOabl mepBbiM  RBAR-snementom. Ecnu mapametp
RutFast_Axial_Constraint ycranosien B 3mauenne USER _BC, To
creneHu cBo6oapl RBAR Oyayr ycTaHOBiEeHBI TakuM 0Opa3oM, YTO
3akperyieHre Oonra PyrmaHa oT moBOpoTa BOKpPYT CBOEH OCH JIOJKHO
OyZeT OCYyIIECTBIATHCA Yepe3 TpPaHUYHOE YCJIOBHE, 3aJaBacMoe
[I0JIb30BATEJIEM  CaMOCTOSITENIbBHO. B 3TOM ciydae mnporpamma
OCBOOOJIUT CTEpKEHb OOJITa MO OCeBOMY BpaieHuto. [lonap3oBaTenb
JOJDKEH OyneT cam 3ajaTh rpaHuyHoe ycioBue R3 = 0 B ogHOM U3
y3JI0B CTE€pXKHs OoJTa.

ALL_RUTMAN_TO_BAR

KonBeprauus kpenexa Pyrmana B 0anouHblii kpenex (Takxke OyaeT
IPOU3BEEeHA MOYMHKA 0()CETOB TOUEK CMSITHS).
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Tab.. 4 [lapaMeTpsbl OCTPOEHHSI OCeii PACTIOZHAHHOTO KpereKa

Ha3zpanue napamerpa

Bo3Mmoxxubie
3HAUYEHUA

Onucaunue

Bolt_Shank_Length_Multiplier

YucoBoe 3HaUYeHHUE >
0. Pekomenayembiii
JTara3oH 3HA4YCHUU:
ot 2,0 10 5,0.

[TapameTp 3a1aeT MHOKUTEIb, HA KOTOPBIA OyAeT YMHOXEHA JJINHA
cTtepkHa Oonrta. B Patran Ha Mecte KaXooro pacno3HaHHOTO
cTepxHs 0osita OyJeT MOCTpOeHa TUHUS MOTYYCHHON JJTUHBIL.

TaoJ. 5 IlapaMeTpsbl Npeodpa3oBaHus CETOK B MECTAX YCTAHOBKH Kperexa

Ha3zpanue napamerpa

Bo3MoxHbBIE 3HAUECHUA

Omnucanue

Convert_Mesh_From

PLATE
PLATE_RBE2 PARALLEL
PLATE_RBE2 SEQUENTIAL
RBE2 2D HOLE
BAR_SPIDER_2D HOLE
RBE2 3D HOLE
BAR_SPIDER_3D HOLE

Kon wucxogHoro tuma ceToK, HaA KOTOPbIMH OynyT
OCYIIIECTBIIAThCSA TpeoOpasoBanus (cm. Tadm. 6 s
HOJIPOOHOTO OIMKMCAHUS).

Convert_Mesh_To

CornacHo maTpuue
BO3MOXHBIX ITpeoOpa3zoBaHui
cetok (Tabm. 7) B 3aBUCHMOCTH
OT 3HaYEHUS MapaMeTpa
Convert_Mesh_From.

Kon tuna cetku, B KOTOpbIA HEOOXOAUMO KOHBEPTHUPOBATH

UCXOIHBIN THII. Mo>xHO BBIIIOJIHATH B3aMHOE
npeoOpa3oBaHUE CETOK B TMpenesiax OJHOM  TpYMIbI
copmectumoctt  (cM.  Tabm.  6). CeTkn  THUIOB
PLATE RBE2 PARALLEL 51
PLATE RBE2 SEQUENTIAL MO>KHO TaKKe

npeoOpa3oBbIBaTh caMu B ceOsi, MeHssl TIpu 3ToM Buja RBE2
¢ momoinpio mapamerpa Quad RBEZ2_Stiffen_Strategy. Bee
BO3MOXKHBIE BAapUaHTHI MPEOOpa30BaHUS CETOK COOpaHbI B
Tabn. 7. Ecnu «mayk» uz RBE2 xonBepTupyercss B «mayk»
13 0aJOYHBIX JIEMEHTOB, TO UcxoaHbI RBE2 Oynet ynanen
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u3 wmonenn. Ecmm  «mayk» W3 OallOYHBIX  DJIEMEHTOB
KOHBepTHUpYyeTcsl B «mayk» u3 RBEZ2, 1o wucxonnsie
0aJI0OYHBIC ATIEMEHTHI OyIyT YAAJICHBI U3 MOJCIH.

Quad_RBEZ2_Stiffen_Strategy

EDGE
DIAGONAL
ALL_DIR

Crparerus packuasiBanus aydeii RBE2 Ha npsiMOyrosibHbIe
000JIOYEUHBIE  DJIEMEHTBHI, MNPHUMBIKAIONME K  TOYKE
ycranoBku Oonta: EDGE — Bmons pebep, DIAGONAL —
B0 nuaronanei, ALL DIR — Bnons pebep u auaronanen
(cm. Puc. 11). JlanHas HacTpoiika HCIOJNB3YyeTCs, KOrnaa
BBITIOJHSIOTCS] TPE0Opa30BaHus CETKH B Tpeiesiax Tpymmbl |
(cm. Tabm. 6), B pe3ynbprare KOTOPBHIX YCTAHABIUBACTCS WU
moauduimpyercs RBE2, cimyxamuii 111 yCUICHUS CETKU B
MECTE€ YCTaHOBKM Kpemexa. Ecim K Touke YCTaHOBKHU
Kperexxa  NPUMBIKAIOT  TPEYroJibHble  000JIOYEUHbIE
aneMeHThl, To Jyun RBE2 nis Takux sneMeHTOB OyIyT
pacKUHYTHl BIOJIb MX pebep. Ecim B Mecte ycTaHOBKHU
Kpenexa HCHOJB3YIOTCS 000JI0OUEUYHBIE 3JIEMEHTBHI BTOPOTO
nopsiika, To ayuyn RBE2 OyayT packuHYTHI TOJBKO Ha UX
YTJIOBBIE Y3JIBI.

Bar_Spider PSet Name

Ctpoka U3 JaTUHCKHUX
CHMBOJIOB, YAOBJIETBOPSIOIIAS
npaBUJiaM Ha3BaHUN 0OBEKTOB
B Patran.

Haspanue nmeromerocs B MoJenu property set, K KOTOpPOMY
OyayT NpuBs3aHbl CO3JaHHbIC OaJOYHBIE SJEMEHTHI MpPHU
KOHBepTanuu «maykoB» u3 RBE2 B «maykm» u3 0ajok.
BHUMAHMUE! [Ins kouseprauuu RBE2 B «mayx» u3 0anok
HeoOxoaumo, 4ToOsl B bdf daitne cymectBoBan xoTsi Obl
OJIMH OAJIOYHBIN JIEMEHT, UMEIOIUHN JaHHBIN property set!

Tao.. 6 Tadauua KOJ0B CETOK

['pynna
COBMECTUMOCTH

Kon cetku

ITpumep Onucanune
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PLATE

CeTka n3 000JI0YCUHBIX 3JIEMECHTOB.

Cerka w3  00OJOYEYHBIX  DJIEMEHTOB  C

PLATE RBE? PARALLEL JIOKAIBHBIM ~ YCHJICHHEM u3 RBE2

- - (mezaBucumbii  y3enm  RBE2  mpunamiexut
000J10YEYHBIM IJIEMEHTaM).

Cerka w3  O00OJOYEYHBIX  DJIEMEHTOB  C

JIOKAJIbHBIM YCUJICHUEM u3 RBE2

PLATE_RBEZ2_SEQUENTIAL

CoBnagatoly1e B NPOCTPAHCTBE Y3/bl

(me3aBucumblii y3enm RBE2 He npuHamiexur
000JI0Y€YHBIM DJIEMEHTAM).

RBE2 2D HOLE

e/

SIBHOE OTBEpCTHE B CETKE U3 O0O0JOYEYHBIX
AJIEMEHTOB ¢ «maykom» nu3 RBE2.

BAR_SPIDER_2D HOLE

sSIBHOE OTBCPCTHUC B CCTKC U3 000JI0YEUHBIX
OJICMCHTOB C «(IIAYKOM» u3 0aJOYHBIX
9JICMCHTOB.

RBE2 3D HOLE

SIBHOE OTBEPCTHE B CETKE W3 TBEPIOTEIBHBIX
AJIEMEHTOB € «mmaykom» n3 RBE2.

L Wd_éﬂ
4
. SIBHOE OTBEpCTHE B CETKE W3 TBEPIOTEIBHBIX
R AN i DJIEMEHTOB €  «IMaykoM» u3  0aJOo4YHBIX
BAR_SPIDER_3D_HOLE L SRS SIICMCHTOR
7 L P '
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Taba. 7 MaTpuna Bo3MOKHBIX NPeo0pa3oBaHUii CeTOK

LleneBoit TN CETKU

Hcxomurslil TH CETKU

PLATE

PLATE_RBE2_PARALLEL

PLATE_RBE2_SE

QUENTIAL

RBE2_2D _HOLE

BAR_SPIDER_2D HOLE

RBE2_3D_HOLE

BAR_SPIDER_3D_HOLE

PLATE

PLATE_RBE2_PARALLEL

PLATE_RBE2_SEQUENTIAL

RBE2 2D HOLE

BAR_SPIDER_2D HOLE

RBE2 3D HOLE

BAR_SPIDER 3D HOLE
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Puc. 11 Crparerus packuasiBanus jgy4deii RBE2 Ha npsiMmoyroJibHble 0001049€e4HbIe 3J1€eMEHThI, 3a/laBpaeMasi IapaMeTpoM

Quad_RBEZ2_Stiffen_Strategy

Ta6.. 8 [lonoHUTEIbHBIE MapaMeTPhI 3/ 1aHUI

Onucauue

Merton 3akperieHust 6osita PyrMana oT moBopoTa BOKPYT CBOEW OCH MOCPEACTBOM
nepeayu BpalllaTesIbHOW cTerneHu cBo0oabl nepBbiM RBAR-3emenTom. JlanHas
HACTpOWKa HCIOJb3yeTCs MNpH TMOYMHKE Kpenexka PyTMana, korma mnapametp
RutFast Repair RBAR DOFs ycranosien B 3nHauenue TRUE, a Ttaxxke mpu
KOHBEpTAIllMU Kpemexka, korja mapamerp Fastener Convertion ycTaHOBIEH B
3HaueHue ALL BAR TO RUTMAN.

Bo3moxxHbIE
Ha3zBanue napamerpa
3HAYCHUS
RBAR_DOF
RutFast_Axial_Constraint
USER_BC

Meron 3akperieHusi 6onta PyTmana oT moBopoTa BOKPYr CBOEH ocu depes
IPAaHUYHOE YCIJIOBHE, 331aBA€MOE I10JIb30BATEIIEM CaMOCTOATENIBHO. B aTOM citydae
nporpaMma OCBOOOJMT CTEpKEeHb 00JTa MO OCeBOMY BpaileHuto. [loap3oBaresns
JOJKEH OynieT cam 3ajaTh rpaHuyHoe ycinoBre R3 = 0 B 0IHOM U3 y3J10B CTEPKHS
6onta. JlanHas HacTpolKa UCHOJIb3yeTcs MpU MOYMHKE Kpenexka Pyrmana, xornaa
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napameTp RutFast Repair RBAR DOFs ycranosnen B 3nauenue TRUE, a Taxke
Ipy KOHBEpTallMu Kpenexa, korjaa napamerp Fastener Convertion ycTaHOBIEH B
3HaueHue ALL BAR TO RUTMAN.
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2.2.5

2.2.6

lNMpourpbiBaHMe ceccuoHHoro cpanna

Cnenaiite pe3epBHyw komuiw 0a3pl  Patran mepex 3amyckom
CEeCCHOHHOrO0 (paiijia!

OTkpoiite B Patran 6a3y, u3 koropoi 6611 co3aan bdf.

VYcraHoBUTE HYXKHYIO TEeKyllyio rpynny B Patran (Bce HOBble OOBEKTHI BO
BpeMsl TPOUTPBIBAHUSA CECCHOHHOTO (haima OyayT co3maHbl B TEKyIIen
rpy1Ie).

3amycTuTe cecCHOHHBIN (aitn u3 menro: File > Session > Play.

[Tocne 3amycka cecCMOHHOTO (paiiyia U J0 3aBEPIICHUS €TO BBIIIOIHEHUS HE
IbITaTECh MPOU3BOUTH HUKAKUX JEUCTBUI B okHE Patran!

B komanaHoii ctpoke Patran oToOpakaeTrcss mporpecc BBINOTHEHUS
CECCHOHHOTO (paiiyia B IPOIECHTAX.

Kak  Tonpko  mpourpeiBaHME  CECCHOHHOTO  (pailma  3aBepruuTc,
PEKOMEHJIyeTCsl TEPBBIM KE JAEJIOM COXpPaHUTh 0a3y, M TOJBKO IOTOM

HAYMHATh COBEPIIAThH NIEPBBIC IEUCTBUS B Tpa)uuecKOM OKHE.

Mocne npourpbiBaHUA ceCCUOHHOro channa

[Tporpamma Fastener Doctor cozmaer property set’st PBUSH ¢ npedukcom
FD. He no6aBnsiiTe camMoOCTOSITEILHO B OTU Property set’sr apyrue
AJIIEMEHTHI, a TAK)K€ HE MEHAWTE B HUX CUCTeMy KoopauHar. [Iporpamma
CUMTAET, YTO C KaXKIbIM TAKUM Property set’om cBs3aH pOBHO OJIMH DJIEMEHT,
u ucnoib3dyemas s opuentaunu CBUSH cuctema koopaunaTt Oosiblie
HUTJIE HE UCIIOJIb3YETCH.

[Tocne npourpsiBanus B Patran ceccuonHoro (aiiia He00X0IMMO BPYUYHYIO
YIAJIUTh HEUCHOJb3YyEMbIE CHCTEMBI KOOPAMHAT M IyCThIE Property set’s
0e3 siemMeHToB. [IporpamMmma aBTOMaTHYECKH yIajsieT TOJBKO T€ OOBEKTHI,
KOTOphle co3majia cama — property set’st ¢ mnpebukcom FD wu
COOTBETCTBYIOIIME CHUCTEMbl KoopauHaT. «Yyxkue» property set’sr u
CUCTEMBI KOOpJMHAT MporpaMMa He TPOTaeT, TaK KaK ¢ HUMH MOTYT OBITh

acCOIMUPOBaHbI 00BEKTHI, HE BomeAmue B bdf.



3 PacnosHaBaHue Kpenexa

3.1 lModdepkueaembie muribli CEMOK U Kperexa

[Tporpamma Fastener Doctor aBroMaTH4YeCKH paciio3HaeT KPEreK B MOJIEIH,
3arpykeHHod u3 bdf daiina. B tekymelt Bepcuu mporpaMMel MOIICPKHBAIOTCS

CICAYIOIINEC THUIIBI KPCIICKA, CXCMATHYHO IIOKA3aHHBIC Ha Puc. 12:

KpenexxPytmana  BanouyHbI Kpenex

:

Puc. 12 MonaepxnBaeMble B TeKylIel BepCHH MPOrPaMMbl THIIBI Kperneska

Banounsiii kpenexx mpeacTaBisieT coOOW MOCIEAOBATEILHOCTh W3 OJHOIO
win Oosiee OAJIOYHBIX DJIEMEHTOB KpPYIJIOTO CEYEHHs, OOJaJaroiuX OIHUM
property set u coeAMHSIONINX JIBa WK O0Jiee sipyca CETKU B MOJICIIH.

Kpenex Pyrmana, noanepxuBaembplii B JaHHOM BEPCUU NPOTPAMMEI,
npeCcTaBaseT co0oi KOHCTpyKIuio u3 bar-snemenrtos, bush-snementoB u MPC
tuna RBAR, cooTBeTcTBYIOIIYIO IpaBUIaM MOCTPOSHHUS Kpernexa 13 padoTsl [1].

Mexy y3JI0M Kpereka Ha KaXKJIOM sIpyce CEeTKM M COOTBETCTBYIOIIUM
y3JIOM CETKU JIOMOJHUTEILHO MOXET pacnoiiaratbesi RBE2 ¢ onqHuM 3aBUCcHMBIM
y3JI0M, TIepeAaroliuii BCE CTENEHU CBOOOMBI M CIYXKAIIUKM 11 CMEIICHUS] TOUYKH
CMSITHS Ha CPEIMHHYIO TJIOCKOCTh spyca ceTKu (cM. pasnen « Crucok GyHKIUA u

PUMEPBI UCTIOJIB30BAHUS TPOTPAMMBID»).
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OauH KpeneXHbI 3JIEMEHT COeAMHSET JBa Wiu Ooyiee sipyca CETKH B
mozenu. CTpyKTypy OKpy’Karolled Kpemek CeTKH Ha K-oM coequHseMOM spyce
HA30BEM MPUCOEAMHEHHOW Tomojiorue k-ro sipyca cerku. B Tekymieit Bepcuu
POrpamMMbl MOJJIEPKUBAIOTCS CIAEAYIOIIHNE THUIIBI MPUCOEIUMHEHHOW TOIOJIOTHUH,

CXeMaTUYHO MoKa3aHuble Ha Puc. 13:

EI) CeTKa U3 060n104Ee4YHbIX 21eMEeHTOB

Y

6) CeTKa c noKanbHbIM ycuneHMem us RBE2

4

B) Mnockue otBepcTua («nayk» us RBE2 / BAR)

- -yya-vd

r) O6bemHbie oTBepcTua («nayk» us RBE2 / BAR)

Puc. 13 Iloaaep:xuBaemMble B TeKyIlleil BEpCHU MPOrpaMMbl THUIIHI TPUCOETNHEHHOI
TOIOJIOTHH

Kax b1t 25ieMeHT Kpermeka B MOJISNTH Ha KaKJIOM IPyCe MOXKET OBITh CBSI3aH
C JIFOOBIM 13 MEPEUYNCIICHHBIX BBIIIE TUIIOB TIPUCOSTUHEHHON TOMOJIOTHH.

CeTka u3 0007109€49HBIX 2JIEMEHTOB

Kperiexx MoxkeT OBITh YCTAaHOBJIEH B CETKY M3 OOOJIOYEUHBIX DJIEMEHTOB,
3amaBaeMbix kaproukamu CTRIA3, CTRIAG6, CQUAD4, CQUADS (Puc. 13a).

[Ipu 3TOM 3JIEMEHT Kpemnexka Ha spyce TaKoro THUIAa KPEHNUTCA K €IMHCTBEHHOMY
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y3ay ceTku. O00I0YeHbIC JIEMEHTHI JOJKHBI UMETh OJWH U TOT ke Property set,
3amaBaembii kapToukamu PCOMP, PCOMPG mu6o PSHELL. Kaprouku PCOMP,
PCOMPG u PSHELL MoryT cchinaTees Ha MaTepHalibl, 3a/laBacMble KapTOYKAMMU
MAT1, MAT2, MATS. VYV »51eMeHTOB BOKpYr Kpemexka [oJKHa OBITh
corjacoBaHHasi OpUEHTALUs U OANHaKOBbIe oceTsl. K 00010U€YHBIM 35IeMEHTaM
B TaKkOM THUIIE CETKH MOTYT TaKXe€ IPUMBIKATh TBEPJOTEIIbHbIE 3JIEMEHTHI,
CIy)Xalllue JUisi  SBHOTO MOJCIHUPOBAHUS  HAMOJHUTENS B COHABUYHBIX
KOHCTPYKIUSX. Y376l 000JOYEYHBIX DSJIEMEHTOB B JAaHHOM THIIE CETKHM MOTYT
SIBJIATHCS HE3aBUCHMBIMH Y3JIaMH OJHOTO WJIM HecKoJabkux RBE3, ciyxammx s
pasadyu Harpy3KH.

CeTka u3 000,1049€4HBIX )JIEMEHTOB C JIOKAJIbHBIM ycuiienueM n3 RBE2

Kpemexx MoxeT OBITh YCTAaHOBJIEH B CETKY W3 OOOJIOYEUHBIX DJIEMEHTOB,
JIOKaJIbHO yCHWJICHHBIX ¢ momoinbio RBE2 (Puc. 136). O60s1049eUHbIC 3JIEMEHTHI
moryT 3amaBathcsa kaproukamum CTRIA3, CTRIA6, CQUAD4, CQUADS.
OO6omodeyHbIe SJIEMEHTHI JOJIKHBI HIMETh OJIMH U TOT e Property set, 3amaBaemblii
kaproukamu PCOMP, PCOMPG 6o PSHELL. Kaptouku PCOMP, PCOMPG u
PSHELL wmoryr cchulaTeesi Ha Marepualibl, 3amaBaeMble Kaproukamu MATL,
MAT?2, MATS. ¥V srneMeHTOB BOKPYr Kpemexka JOoJKHA OBbITh COTJIaCOBAaHHAs
OpHEHTAallMi M OJMHAKOBBIE O(CEThl. DIEMEHT Kperexka Ha sipyce TaKoro THUMa
JOJKeH KpemuThcsl K HezaBucuMmomy y3my RBEZ2. HesaBucumebiii yzen RBE2
MOXET KaK OJHOBPEMEHHO SIBJIATHCSI OJIHUM W3 y3J0B 00OJOUYEYHBIX DJIEMEHTOB,
TaK U CYyIIEeCTBOBaTh OTAeIbHO. ¥ RBE2 moxeT ObITh M1000€ UMCIIO 3aBUCUMBIX
y3JI0B Ha CETKE U3 000JIOYCHHBIX 3JIECMEHTOB, OOJIbIIIee WU paBHOE 1BYM. OuH U3
3aBUCUMBIX y3710B RBE2 MOkeT HaXOaUThCSl B TOM K€ TOYKE MPOCTPAHCTBA, UTO U
He3aBUCUMBIN y3en. CteneHu cBOOOJbI 3aBUCHUMBIX y3710B RBEZ2 nomxHbl OBITH
123456. K 00004€yHBIM »JIEMEHTAaM B TaKOM THIIE€ CETKH MOTYT TaKXKe
MPUMBIKATh TBEPJOTEIbHBIEC SJIEMEHTHI, CIY)KAIUe JIs SIBHOTO MOJCIUPOBAHUS
HAIOJIHUTENSL B COHJIBUYHBIX KOHCTPYKIUSAX. Y3Jbl O0OJIOUEUHBIX AJIEMEHTOB B
JTAHHOM THUII€ CETKH MOTYT SIBIATHCS HE3aBUCHMBIMU Y3JIaMH OJIHOTO WA
Heckoybkux RBE3, cimykamux a1t pa3aayu Harpy3KHu.
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OTtBepcTHs B ceTKe U3 000J1049€4YHBIX 3JIEMEHTOB ¢ «maykom» u3 RBE?2
WIN U3 0AJIOYHBIX 2JIEMEHTOB

Kpernesxx MokeT OBbITh YCTAHOBJIEH B SIBHbIE OTBEPCTHS B CETKE U3
000JIOUEYHBIX AJIEMEHTOB, B KOTOPBIX pPACMONOkKeH «mayk» u3 RBE2, nmubo u3
oanok (Puc. 138). OGonoueuHbie 3J€MEHTHI MOTYT OBITh 3aJaHbl KapTOYKaMHU
CTRIAS3, CTRIA6, CQUAD4, CQUADS. Ounu mo/nKHBI UIMETh OOWUH M TOT XKe
property set, 3amaBaembrii kaptoukamu PCOMP, PCOMPG mu6o PSHELL.
Kaprouku PCOMP, PCOMPG u PSHELL w™moryt cchuiatbcsi Ha MaTepuabl,
3agaBaeMbie kaptoukamu MATL1, MAT2, MATS8. V snemeHTOB BOKPYT Kpemexa
JOJDKHA OBITH COTJIAaCOBaHHAS OpPHEHTAIMS W ofuHaKoBble odceThl. Eciam «mayk»
3aad ¢ nomoibio RBE2, To cTrenenu cBo60 bl 3aBUCUMBIX y3710B RBE2 nomkHbBI
ObITh 123456. Ecniu «mayk» 3alad ¢ MOMOIIBIO 0ajoK, TO OalKu JOJKHBI UMETh
OJIUH U TOT € property set, He coBnangaronui ¢ pProperty set crepkHs Kpemnexa u
3a1aHHbIN onHOM M3 kapTouek PBAR, PBARL, PBEAM, PBEAML, PBMSECT,
PBRSECT, PBCOMP c nyneBbiMu oceramu u orcyrcrByroniumu Pinned DOFs.
DNeMEeHT Kpereka Ha sipyce TaKoro THUMa JOJDKEH KPEMHUTHhCS K IHEHTPATbHOMY
y3ay «mayka»y. K 000J04eyHBIM 3JIEMEHTaM B TAaKOM THIIE CETKA HE MOTYT
MPUMBIKATh TBEPJOTEIBHBIE AJIEMEHTHI, CIy)Kalllie NJIsi SBHOTO MOJEIMPOBAHUS
HAIOJIHUTEIISI B COHJIBUYHBIX KOHCTPYKIUAX. Y3JIbl O0OJIOYEUHBIX AJIEMEHTOB B
JAHHOM THIIE CETKH MOTYT SBIIATHCS HE3aBUCHMBIMU Y3JIaMH OJIHOTO WA
Heckoabkux RBE3, ciykamux 1y1s pa3gadn Harpy3Ku.

OTBepcTHsI B CeTKEe W3 TBEPAOTEJIbHBLIX 3JI€EMEHTOB C «IAyKOM» W3
RBEZ2 njau u3 6a7104HBIX 3J1eMEHTOB

Kpemniesxx MokeT OBITHh YCTAHOBJEH B SIBHBIE OTBEPCTHS B CETKE U3
TBEPJOTENbHBIX AJIEMEHTOB, B KOTOPBIX pacnojiokeH «mayk» u3 RBE2, nu6o u3
0anok (Puc. 132). TBepaoTenbHbIE 3JIEMEHTHI MOTYT OBITH 3aJaHbl KapTOUYKAMHU
CHEXA (8 wmu 20 y3noB), CPENTA (6 wiu 15 y3noB), CTETRA (4 wiu 10
y370B). OHU AOJKHBI UMETh OJIMH M TOT K€ Property set, 3ajaBaemblii KapTOUKOM
PSOLID. Kaprouka PSOLID pomkHa ccbutaTbes Ha MaTepual, 3a/1aBaeMblid
kaproukoi MATL. Ecnu «mayk» 3agan ¢ nomoinisio RBE2, To crenenu cBoOoabI
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3aBUCUMBIX y3110B RBE2 nomxubl ObiTh 123456, mubo 123. Ecnan «mayk» 3agaH ¢
IIOMOIIIbI0 OaJIOK, TO OajKu JOKHBI MUMETh OJMH W TOT JXe property set, He
COBMAJIAIONINI ¢ Property Set crep>kHsl Kperneka W 3aJaHHBIA JTMOO ¢ TOMOIIBIO
onnoi u3 kaprouek PBAR, PBARL, PBEAM, PBEAML, PBMSECT, PBRSECT,
PBCOMP ¢ nyneBbiMu ogcetamu u otcyrcTByrommmu Pinned DOFs, aubo c
nomoipio kKaptoukn PROD. DnemeHT kpernexa Ha spyce TaKOro TUIA JOJDKEH
KPEMUThCA K HEHTPATHbHOMY Y371y «Imayka». Ha moBepxHOCTSIX, 00pa3oBaHHBIX
CBOOOJTHBIMH T'PaHSIMHU TBEPJIOTEIBHBIX JIEMEHTAX, B TAKOM THUIIE CETKH HE MOTYT
pacrmosaraTecsi 000JI0YEUHBIE SJIEMEHTHI, CIY)KaIllue IJIs SBHOTO MOACIUPOBAHUS
000JI0YEK B COHABUYHBIX KOHCTPYKIHSX. Y3l TBEPAOTECIBHBIX JJIEMEHTOB B
JTAHHOM THUIIE€ CETKH MOTYT SIBIIATHCS HE3aBUCHMBIMU Y3JIaMHU OJIHOTO WIIU

Heckonbkux RBE3, ciyxamux muist pazaadun Harpy3KH.
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3.2 YcmpaHeHue npobriemM ¢ pacrno3HagaHUeM Kperexa

[TpoBepuths pacno3HaHHBIN Mporpammoit Fastener Doctor kpemex MOXHO C
noMOIIbI0 MocTpoeHust B Patran ero oceit (cm. pazmen «Crnucok (yHKUUN u
IPUMEPbI UCTIOJIB30BAHUS IPOTPAMMBI»).

Eciu B pesynbrare BBIMOJIHEHHUS OPOrpaMMbl KaKHE-TO M3 3JEMEHTOB
Kpemneka B MOJIENTM OKa3aJdhCh HE PACIO3HaHbI, TO PEKOMEHAYETCS MPOBEPUTH
Kpele)X Ha BBINOJHEHHE CIEAYIONMX OO0S3aTENbHBIX YCIOBUM (B CIHCKE

MPUBEACHBI JAJIEKO HE BCE YCIOBUS, a JIUIIb HanboJiee BEPOSITHbIEC TPUYHHBI):

Henocratounoctb nHpopmamuu B bdf

e [Iporpamma pacrno3Haer TOJBKO TOT KpPEenexk, KOTOPbIM ObUT SKCIIOPTHPOBAH
B bdf.

e BOKpyr Kaxxgoro ajJeMeHTa Kpeme)a Ha KaKJIOM spyce JOJDKEH UMEThCA
KYCOK OKpY’Karolllel ero co BCEX CTOPOH ceTKu. Tpeldyercs XOoTs Obl OAUH
psia 000JI0YEUHBIX/TBEPIOTENBHBIX JIEMEHTOB.

o Jlnsl 37IEMEHTOB, OKPYKAIOIIKX KPEMNeX, TOJKHBI ObITh CO37aHbl MaTEPHUAIIbI

W Ha3HAYeHBI property set’sr (nnave onu He nomaayt B bdf).

Henoanep:kuBaeMblil THII Kpemexa
e Kpenex PyrmMana ¢ cumMmerpuen He MOIIEPKUBAECTCS U HE PACIO3HAECTCS
IIPOIPAMMOMN.
e Kpemnex Pyrmana ¢ GAP-anemenTamu u3 pabot [2,3] He momaepkuBaeTcs
IIPOIPAMMOMN.
e Kpenex Pyrmana, yCTaHOBIICHHBIM B CETKY M3 TBEPAOTEJIBHBIX 3JIEMEHTOB

criocobamu ux pador [2,3], He moaaep)KUBaeTCs MPOrPaMMON.

Crep:kHHU Kpemeska

L CTep)KHI/I KpCIICiKa 10JIZKHBI COCTOATH U3 0ajok KPYTJIOTO CCUCHUA.
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Bce Oanounble 3J€MEHTHI B CTEP)KHE DJIEMEHTa Kpereka TOJKHBI UMETh
OJIMHAKOBBIN property set.

Property set crepxHeili Kperexka JOJDKEH 3ajaBarbes Kaptoukamu PBAR,
PBARL, PBEAM, PBEAML.

Y 0anoYHBIX 3JIEMEHTOB JOJIKHBI OBITH HYJIEBBIE O(CETHI.

VY 0aJ0YHBIX 3JIEMEHTOB HE JOJDKHO ObITh 3a1aHo pinned DOFs.

CrepkHM Kpemeka JOJKHBI OBITh MPSIMOJIMHEMHBIMU (MaKCUMAaJIbHBIN

JIOMTyCKAaeMBbIi yroJl U3jI0Ma COCTaBiseT 1°).

HpI/ICOCI[I/IHeHHaH TOIMOJIOIus

[TpucoenrHeHHass TOMOJIOTUS CETKM Ha KaXJIOM sipyce OonaTa TOJDKHA
COOTBETCTBOBATh OJHOMY U3 MOJJIEPKUBAEMbIX THUIOB (CM. pazzuen
«[lomnepkrBaeMbIe TUIIBI CETOK M KPEIIEIKAY).

VY Bcex 371€MEHTOB, OKpY>KatoIUX 00JIT Ha KAaKOM-JIMOO sipyce, 10JKEH ObITh
OJIMHAKOBBIN property set.

Y Bcex 000JIOUEUHBIX 3JIEMEHTOB, OKPY’KaIOIIMX OOJIT HAa KaKOM-JIMOO
spyce, TOJDKHBI ObITh COHATPABJICHHBIC HOpMaITH (B mpeaenax 15°).

Y Bcex 000JI0UEUHBIX 3JIEMEHTOB, OKPYKaIOIIMX OOJIT HAa KaKOM-JIMOO
Apyce, JOJKHBI ObITh COHAITPaBICHHbIE BEKTOPA OPUEHTAlMK MaTepuaia (B
npezenax 15°), eciau MaTepuan He H30TPOITHBIH.

VY Bcex 000JI0UEYHBIX 3JIEMEHTOB, OKPYXaloUIMX OOJAT Ha KakoM-JIHOO
sApyce, TOJKEH ObITh OAMHAKOBBIN oceT.

Hopmanm 0007109€4YHBIX 3JI€MEHTOB, OKpYXKaromux OONT Ha KaKOM-JTHOO
spyce, MOTYT OTKJIOHATHCS OT ocH OoJiTa He OoJiee ueM Ha 20°.

Ecnu kpenex ycraHoneH B 3D oTBepcTHe, TO COOTBETCTBYIOIIMM
TBEPAOTEIBHBIM  JJIEMEHTaM JOJDKeH OBITh TMPUCBOCH  HM30TPOITHBIN
MaTepual.

V3nb1 Ha kpoMke 2D oTBepcTUs AOKHBI ObITh PAaBHOYAAJIEHBI OT CTEPIKHS

Oonra B npeaciax 3aJaHHOro JOIyckKka.

37



e V37pl Ha creHke 3D oTBepcTHs MOJKHBI OBITh PAaBHOYJATEHBI OT CTEPIKHS

Oonra B npeaciax 3alaHHOIro A0ITyCKa.

JlonoJIHUTe IbHbIE BO3MOKHOCTH
PazpaboTurikoM mporpaMMbl MpeIyCMOTPEHA AMATHOCTHYECKAs (YHKIIHS
Where_Is_My Bolt (Element_number), kotopass BbeI3bIBacTCs BpyuHyI0. Ee
apryMEHT — 3TO HOMEP OJHOTO U3 OATOUHBIX JIEMEHTOB CTEPKHS 00JITa, KOTOPHIH
He Obu1 pacrio3HaH. DyHKIMS BBIBOAUT TUATHOCTHUYECKOE COOOIIEHHUE O TOYHOU
npuYrHe Hepacno3HaBanus Oonra. Oynkius Where Is_My Bolt Bri3biBacTcs B
komangHoM okHe MATLAB (im6o GNU Octave) mocie 3aBepuieHUs paOOThI

nporpammsl Fastener Doctor. IIpumep ee BbI30Ba nokasan Ha Puc. 14,

Jfe »>> Where Is My Bolt (2508)

Puc. 14 Ipumep Bbi3oBa pynkuun Where_Is_My_ Bolt nist 6anounoro sJiemenTa ¢
Homepom 2508
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4 WN3BecCTHbIE I1p06.l19MbI n orpaHn4eHus

e Sorted dopmar daiina bdf e mognepkuBacTCS M HUKaK HE OOHAPYKHBACTCSI
IpOrpaMMOM; €ro  HCIOJB30BaHWE TPUBENET K  HENPEIBUICHHBIM
MIOCJICJICTBUSIM.

e B Tekymieil Bepcuu mporpaMMbl HE MOJJIEPKUBAETCS pa3doOp mapaMeTpoB
cedyeHuit 06anok npousBosibHOM GopMmel B kaproukax PBRSECT, PBMSECT.
Taxke He cumrthiBatoTcs Kaptouku SET1, SET3, POINT, POINTAX,
3aaronMe napamMeTpesl ceueHus. [laHHas mpoOiemMa HUKAK HE BIMSET Ha
paboTy mporpamMMbl, TaK Kak MPEIOJIaraeTcs, YTO CTEP>KHU Kpereka He
3aparorcsa kaproukamu PBRSECT, PBMSECT.

e Continuation markers B bdf daiine ve momnepxuBarorcs. [Ipu cozmanun bdf
B Translation parameters He HyxHO cTaBuTh rajouky Write continuation
markers.

e [Iporpamma OynmeT HempaBWJIBHO paboTaTh Ha 0OJTaX, YCTAaHOBJICHHBIX B
CKOIIICHHBIE TPEXMEPHBIE OTBEPCTHsI (KOT/Ia OTBEPCTHE «IIPOCBEPIICHO» HE

1o HopMayu K aetanu, Puc. 15). Heo6xonumo n3beraTh Takoro Kpemnexa.

R : h |

[ // \“./_’/
/ -
/

Puc. 15 CkolieHHOe TpexMepHOe 0TBEpPCTHE

e OpueHTanusi MaTepuayia sl 000JOUYEUHBIX 3JIEMEHTOB BTOPOrO MOPSIKA
MOXET BBIUHUCISATBCA HE TOYHO (IUIs1 BJIEMEHTOB BTOPOTO MOpsAJKa
UCIIOJIB3YETCSl TOT K€ aJITOPUTM, UYTO U JJIsi DJIIEMEHTOB MEPBOrO MOPSIIKA).

OpHako 3T0 HEe JOJDKHO MPUBOJIUTD K CKOJIb-HUOYh 3aMETHBIM OIIIHOKaM.
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e JKecTkocTH CMATHSI B KOMIIO3UTE BBIUUCISIOTCS TPUOIMKEHHO, M METOUKA
UX TIONyY4CHHs] BEpHAa TOJBKO B HEKOTOPHIX Ciy4asx (cM. pazzaen
«Teoperudeckas cripaBKay).

e Kpemnex Pyrmana c¢ cummerpueit (Puc. 16) He mommepkuBaeTcs M He
pacmo3HaeTcss TporpaMMmoin. Pa3paboTumk He TUTaHHPYeT J00aBIATH €ro
TIOJITICPKKY .

symmetry Coefficient
{ 1.0

{(* 0.5
(" 025

Puc. 16 YcranoBka kpene:xka Pyrmana ¢ cumMmerpueit

e Ecim B Patran opuenranus bar-anemeHTOoB B property set 3amana c
nomonibio Field, u 3Ti 3J1eMEHTBI COCTaBIAIOT CTEPIKEHD 0AI0YHOr0 0OJITa,
TO TMPHU €r0 KOHBEpTAIMU B 00JIT PyTMaHa /1Ba HOBBIX CO3/IaHHBIX OAJIOYHBIX
AJIEMEHTa B HA4YaJIe U B KOHIIE CTEPKHsI 00JITa OCTaHyTCsl 6€3 MPUCBOCHHOMN
opueHTauuu. [Ipuunna sToro B ToM, yto B bdf daiine Her undopmamuu o
TOM TIOJIE OpHEHTAIlMH, KOTOpPOE HKCIOJIb30BaIoch B 0Oasze Patran, wu
MOMOJIHUTH €0 HOBBIMH 3JIEMEHTAMHU B IAHHOW CUTYallM HEBO3MOXKHO.

PemienrieM naHHOM mpoOJieMbI, €CJIM OHA TMOSIBUTIACH, SIBISIETCS
3aJlaHle OPUEHTAIMK 0aJIOUYHBIX DJIEMEHTOB B TAKOM OOJITE BPYUHYIO.

Hanpumep, Takas npodiiemMa MOXET MOSIBUTHCS, €CJIM M3HA4YajJbHO B
0a3ze wumencs Kpernexx PyTMaHa, CO3ZaHHBIH C TOMOIIBIO BTOPOH
cranaapTHoW yruiutThl B Patran — Fastener Builder (shells solids), Puc. 17, —
oHa cosnaet Field mis 3amanus oprieHTalMu OAJOYHBIX DJIEMEHTOB. 3aTeM
ATOT KpEmnex ¢ MOMOIIbIO mporpaMmMbl Fastener Doctor 6b11 KOHBEpTUPOBaH
B OaJIOYHBIN, a IOCIIe ATOTO CHOBA B Kpenex PyTMaHa.

YtoObl M30€exkaTh MOSBICHUS JAHHOW MPOOJEMBI, HE HCIOJIL3YUTE
yranuty Fastener Builder (shells solids) mis cosmanus kperexa Pyrmana.
Bwmecrto storo nmmbo ycrtaHaBiuBaiTe OalOYHBIN Kpemnexkx W KOHBEPTUPYHTE

ero B kpemnex Pyrmana c¢ momomipto mporpammbsl Fastener Doctor, mu6o
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UCIIONIL3YHTE A co3maHus kperexa Pyrmana yrunuty Fastener Builder

(Puc. 17).

Fastener Builder ...

Fastener Builder (shells solids) ...

Puc. 17 Crannaptablie yruauthl Patran ais ycranoBku kpenexa Pyrmana
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5 TeopeTnyeckas cnpaBka

KecTkocTn CMATHSI B KOMIIO3UTE

B nanHOl paboTe )KECTKOCTH CMSITHUS BBIYMCIISIOTCS CIEAYIOLIMM 00pa3oM.
Martpuna >XECTKOCTH JIaMHHATa BBIYUCISIETCS B OCAX, B KOTOpPBIX 3aJaHa
OpHUEHTALMS JIEMEHTOB (KaK IPaBUJIO, 3TO OCU OPTOTPONHHM JlamuHaTa). [Ipu sTom
YUHUTBIBAETCS TOJOXKEHHE HEUTPaJbHOM IUIOCKOCTH JIaMUHATa B  KaXIOM
HaIlpaBJICHUU C NOMOIIBIO JBYX Pa3lelbHBIX PAaCUETOB MaTpHUIL JKECTKOCTU (U3
pacyeTa MaTpULbl JKECTKOCTH € YYE€TOM HEUTPAIBbHOM IUIOCKOCTH  JUIA
HarpaBieHust 1 O6epyrcs winensl All u D11; u3 pacuera maTpuibl )KECTKOCTH C

Y4ETOM HEHTpabHOW TUIOCKOCTH JUIsl HanpaBiieHus 2 — wieHbl A22 u D22).

N, | . A, A; B, B, Bgl e
N, As B, B, B & S
N,y _ A16 As B By Bgll€ )?y
M, By, B12 By D, D || K
M, B, B, By Dy Das || Ky

i M, ] [Bis By Be Dig Dy D | K i

JKecTKoCTH MIIaCTHUHBI MIPYU MTOCTYNATEIBHOM CMSATHH — 3TO WIEHBI MATPHULIBI
xecTkoctd All u A22; KeCTKOCTH TUIACTHHBI MPH BPAIIATEIIEHOM CMSTHH — 3TO
yieHsl MaTpuipl kecTkoctd D11 m D22 (moBopory kpemeka BOKpyr ocu 1
COOTBETCTBYET JKeCTKOCTh D22, a BOKpyr ocu 2 — xecTkocTh D11).

[TocTynarenbHble W BpallaTelbHbIE KECTKOCTH CMSITUSI KPEMEKHON TOUYKH

BBIYHCIISTFOTCS CIIEIYIONIUM 00pa3oM:

1 1 :
bt br __ _
Si_1+1’S‘_12+l’|_1’2

E't A Et® D,

rae E/ — moayns ynpyroctu 6071ta, t — TONIIMHA TIACTHHEL B cilyyae nmacTuH us

MeTajuia JaHHBIE )KeCTKOCTU MOBTOPSIOT hopmybl Pyrmana u3 padotsl [3].
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B pamkax ommMcaHHOTO BBIIIE MOJX0JIa KECTKOCTU CMATHS B KOMIIO3UTE
BBEIYHCIITFOTCS TPUOIDKEHHO, W METOJAWKAa WX TOJyYeHUs BEpHA TOJIBKO B
HEKOTOPBIX ciiydasx. [[puunHbl 3TOTO Clieaytomue:

e DOnement CBUSH B Nastran — 3To nuHelHBIA omepaTop, CTaBAIIUN B
COOTBETCTBUE KaXJAOMY BEKTOPY CHIIBI CMSITHUSI BEKTOp NEpPEMEIICHUI
cmatusd. B ITIKM Takoe COOTBETCTBHE 3aJ1a€TCsI HEJTMHEMHBIM OIEPaTOPOM.
[Tosromy npaBuiibHOE noBeaeHue kpenexa B [IKM Henb3s 3amate B MOaEIn
3apaHee M Ha BCE BO3MOXKHBIE DPACUETHBIE CIlyyad, TaK Kak JUisl 3TOro
notpebyercst Henunenbli CBUSH, B KOTOpOM >KECTKOCTH 3a7ar0TCs Kak
GYHKIHS OT HAIIPABJICHUS CHUTHIL.

e BapuanT s Patran / Nastran — 3To moxo/ ¢ uTepamnusMu I HaXOXKICHUS
xectkoctet CBUSH, onucannsiii B pabore [3]. OgHako OH MPUBOAUT K
TOMY, YTO JJs KaXJOro pacuyeTHOro ciydas, (aKTHYECKH, CO37qaeTCs
otnensHasg KD monens. Beruucisiemble B TaHHON paboTe KECTKOCTA MOYKHO
paccMaTpHBaTh Kak MEPBYIO UTEPALIMIO JAHHOTO MpoILiecca.

e B [IKM nepemenienne cMATHS, B OTJIMYME OT METala, HE COBMNAJAET C
HarmpasjieHueM aencTBus cuiibl cmatus (Puc. 18). CoBnanenue gocTuraetces
JUIIb B TOM CJy4dae, KOrja CHJIa CMSATHSl JIEMCTBYET BAOJIb OJHOTO U3
HAMpaBJICHUN OPTOTPONUU MaTepuana. MeToauka, IpuMEHECHHAs: B JAHHOU
paboTte, KOPPEKTHO OIMUCHIBAET TIOBEJICHHUE KpEIeka TOJIbKO B 3TOM Cllydae.
[ToaToMy B xozme pacyeToB TpeOyeTcsi KOHTPOJIMPOBATH IOJy4aeMble

HarpaBJICHUA CHUII CMSATHUS.

Puc. 18 HecooTBercTBHE HamnmpaBJICHUSA nepeMemeHnifl CMATHUA HAIIPABJICHUIO aeficTBUs
CHJIbI CMATUA B KOMIIO3UTC
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e Meroauka MOJNIyYEHHS JKECTKOCTEM CMATHS JIMIIb [0 OJHOMY YHUCIY W3
MaTpHIbl JKECTKOCTH JIAMHHATa XOpOUIO paldoTaeT i H30TPOMHOrO
Matepuana (MeTal), HO siBisieTcss BechbMa npubnmxenHo mist [TIKM, rae
JUIsL. KOPPEKTHOTO OIMHCaHUs Tporecca neGopMupoBaHus HE JOCTATOYHO
JUIb 4jieHOB Aqq, A2 1 D141, D,,. HeobxomuMo umeTh Oojiee CIIOXKHBIE
AHAJIUTUYECKUE METOMBl pacuera KECTKOCTEM CMSITHUS OT DJIIEMEHTOB

KpCIICiKa J1JIs1 aHU30TPOITHBIX IIJIACTHH.
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