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OTPACNEBOMW O OPOHbIX METOAUYECKUNA AOKYMEHT

PekoMmeHmanuu no npUMEHEHUIO0 KOMIIBIOTEPHOTO MOJEIUPOBAHUS VISl aHAIA3a
TPOCOBBIX OIPAKIECHUN METOI0M KOHEUHBIX eMeHTOB (MKD)

1 O6GnacTh NpUMEHEHUS

1.1 Hacrosimumii oTpaciieBoi JOpOXKHBIA MeToanueckuil nokyMeHT (OM)
COJICP’KUT PEKOMEHAAIMU IO PACUETHOMY CUMYJISIIMOHHOMY aHAJIM3Y Pa3IUYHBIX
KOHCTPYKIIMH TPOCOBBIX JOPOKHBIX OrPaXICHUN O€30MacHOCTH, a TaKXKe HX
AJIEMEHTOB Ha  0a3e  pacyeTHO-TEOPETUYECKUX U DKCIEPUMEHTAJIbHBIX
UCCIIEIOBAaHUM METOJ0M KOHEUHbIX 3jeMeHTOB (MKD) ¢ ncnosb3oBaHremM MyiabTH
JUCHUILUIMHAPHOTO POTPAMMHOI0 KOMILIEKCA HEJIMHEMHON NMHAMUKU HAa OCHOBE
MeToga KoHeuHbIX 3iemeHToB MKD). IlpuBeneHbl MeTOAbl MOCTPOEHUS
pacyeTHbIX MOJIeJIed TPOCOBBIX JIOPOKHBIX  OTPAKJCHHUM, MO3BOJISIOIINX
olleHUBaTh 3(PGEKTUBHOCTh PAOOTHI OTACIbHBIX KOMIIOHEHTOB OTPaXICHUIM

(aHKEpHBIX YCTPOMCTB, TPOCOB, CTOCK).

1.2 Hacrosimmii TOKYMEHT NPUMEHHM K PAacyeTHOMY AaHAIU3y TPOCOBBIX
JIOPOKHBIX ~OTPaXJEHUHM, HCHOJIb3yeMbIX sl olecredeHus Oe30MacHOCTU
JOPOKHOTO  JABWXKEHHA. MokeT  ObITb  MCIOJNIB30BaH  OpPTraHU3ALUAMU,
3aHUMAIOIIUMUCS MTPOEKTUPOBAHUEM JTOPOKHBIX OTPaXACHUM M UX KOHTPOJIEM B

IKCIUTyaTallHH.

2 HopMmaTUBHBIE CCHUIKU

B Hacrosimem MeTOIMYeCKOM JOKYMEHTE WCIOJIb30BaHbl CCHUIKM Ha
CJIEAYIOIINE JOKYMEHTHI:

I'OCT P 52607-2006 HammonansHbiii ctannapT Poccuiickoii denepanmm.
TexHuueckue cpeacTBa OpraHu3alvd  JOPOXKHOTO JABMXKEHUs. OrpaxacHus
JIOPOKHBIC YIep KUBaronue OOKOBbIE isi aBToMoOmiiel. OOmume TeXHUYECKHe
TpeOOBaHMS.

I'OCT P 52721-2007 TexHuueckue CpeACTBa OpPraHu3aldd JIOPOKHOIO

JBUKEHHS. METOIbl UCTIBITAHUN JTOPOKHBIX OTPaXKICHUM.
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['OCT 5632-2014 JlerupoBaHHbIE HEpXKaBEIOIIME CTald M  CIUIABbI
KOPPO3MOHHO-CTOMKHE, )KAPOCTOMKHE U KapOIIpoUHbIe. MapKu.

['OCT  25100-2011  MexrocynapCTBeHHbIM  cTaHAapT. [ pyHTHL

Knaccudukanmus.

I'OCT 5180-84 [I'pyntel. MeToasl 1a0OpPATOPHOTO  OMPEEICHUS
bU3HYECKUX XapaKTEPUCTHK.

['OCT 10060.0-95 betonsl. MeToabl KOHTPOJISI MOpO30cTOiKocTU. O0IIHEe
TpeOOBaHUS.

['OCT  25192-2012  MexrocylapCTBEHHbI  CTaHAApT.  bETOHBI.
Knaccudukanus u od1ume TeXHu4eckue TpeOoBaHuU.

['OCT 380-2005 Cranp yraepoauctas 0ObIKHOBEHHOTO KauecTBa. Mapku.

['OCT 8645-68 TpyOsbI cTasibHbIE TPSIMOYTOJbHBIE. COPTaMEHT.

['OCT 19903-74 TIpokat I1ucTOBOM ropsituekaranbiii. CoOpTamMeHT.

['OCT 8734-75 TpyObl cTanbHbie OECHIOBHBIE XOJIOAHOIE(POPMUPOBAHHBIE.
CopTrameHT.

['OCT 19904-90 IIpokat nucToBOM X010HOKaTaHbIil. COpTaMeHT.

I'OCT 11371-78 MexrocyaapctBeHHblii ctanaapt. [llaitosl. Texnuueckue

YCIIOBHSI.

['OCT 5915-70 T'aliku mecturpanHblie kiacc TouHoctu B. KoncTpykuus u
pa3Mephl.

I'OCT P 52607-2006 Hamumonanbubiii crangapT Poccuiickoit denepaium.
TexHUUecKue CpeAcTBa OpraHU3AlMKM JOPOKHOTO JBIKEHUs. OrpaxaeHus
JOpOKHBIE yIep KUBarolue OOKOBbIE sl aBToMoOmiiel. OOlme TeXHUYecKue
TpeOOBaHMSI.

I'OCT P 52721-2007 HamumonanwHbiii ctanmapT Poccuiickoii deneparum.
TexHn4eckue cpeicTBa OpraHn3aluu JTOPOKHOTO ABMKEHUA. MeTOobl HCIBITAaHUN
JIOPOYKHBIX OTPAKIACHUM.

3 TepmuHbl, onpeneneHus 1 0003HaAUYCHUS

B nactosiiiem OJIM mpuMeHEHBI CIEAYIOIIME TEPMHUHBI U COKPAILECHUS C

COOTBCTCTBYIOIIMMH OIIPCACICHUAMMU:
2
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Bri6er aBToM0oOMIIS - pouecc HEYIPABISEMOTO JIBUKEHHUS
MOCJIE MPEKPALICHUS TPAHCIIOPTHOTO  CPEACTBA TOCIE MPEKpalleHUs
KOHTAKTa C KOHTAKTa C OIPAKICHUEM.

OrpaXKJICHUEM

JnHamuuecknit - Hanbonpiiee ropr3oHTAIEHOE CMEIICHHUE JTUIIEBOM

POru0 OrpaKaeHUs
INOBEPXHOCTU  OTpPaXKJIEHUS B HOIIEPEYHOM

HaIlpaBJIECHUU OTHOCUTENBHO JIMIIEBON MOBEPXHOCTU
Hene(hOPMUPOBAHHOTO OTPaXICHUs MPU HAe3[e Ha

HEro TPAHCIOPTHOTO Cpe/ICTBA (ABTOMOOMJIS).

Nupekc tsoxectn - Ilokaszarenb, XapakTepU3YIOIIUNA WHEPLUOHHBIE
TPaBMHUPOBAHUS .

MEPETPYy3KH,  JCUCTBYIOIIME  HA  IMACCaXKUPOB
TPAHCHOPTHBIX  CPEACTB NpPU  B3aUMOICHUCTBUHU

TPAHCIIOPTHOI'O CPCACTBA C OTPAKACHHUCM.

MeTo1 KOHEUHBIX -  Merton  pacyeTHOro  HHXEHEPHOrOAHAJIN3a
DIIEMEHTOB . .
KOHCTPYKLIMH, TMO3BOJSIOIIMNA PACYETHBIM IIyTEM
MOJICTUPOBAaTh  TOBEJACHUE  KOHCTPYKIUMW  TpHU
CTaTUYECKOM M JUHAMUYECKOM, B TOM 4YHCIIE,

YIApHOM HarpyKeHUsX.

OrpaxneHust - YCTpOICTBa, MpeAHa3HAYEHHBIC I 00eCIeUeHUs

JIOPOYKHBIC
JBUKCHHSI TPAHCIIOPTa C HAMMCHBIIMMU PHCKaMH

CTOJIKHOBEHMH M CBHE3JI0B C AOPOT, IPEAOTBPAICHUS
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PaGouas mupuna
OTpaXKJICHUS

Twun snemenTa

Tomosyorus
dJIIEMEHTA

Yron Hae3na Ha
OTPAXKICHUE

mepee3ga  4epe3  pa3AeNUTENbHYI0  TOJIOCY,
CTOJIKHOBEHHSI CO  BCTPEYHBIM  TPAHCIIOPTHHIM
CPEICTBOM, Hae3/la Ha MAacCCHBHBIC MPEMSATCTBHS U
COOPYKEHHsI, PaCIUIOKEHHBIE HA 0O00OYMHE B TIOJIOCE
OTBOZIa JIOPOTH, Ha Pa3ACTUTEIBHON  MoJoCe,
CHIDKCHHE PUCKA BO3MOYKHOCTH TIaJICHUS TEIIEX0/I0B
C JIOpPOTH WJIM MOCTOBOTO COOPY>KECHHUS, a TAKXKe AJIs
YIIOPSTOYCHHUS TIBUKCHYSI TMIEIIEeX0/I0B U
MPEIOTBPAIICHUST BBIXOAA JKUBOTHBIX Ha TPOE3KYIO
9acTh

- MakcumanbHOe TUHAMUYECKoe OOKOBOE CMEIEHUE
Ky30Ba TPAHCIIOPTHOTO CpeICTBa, WA
dbparMeHTaIopOKHOTOOTpaXKIeHUsS (B 3aBUCUMOCTHU
OT MeCTa YCTAaHOBKH JIOPOKHOTO OTPaKJICHUS)
OTHOCHUTEIIEHO JUTIEBOM MTOBEPXHOCTH

HeZ1ehOPMUPOBAHHOTO JOPOKHOTO OTPAXKICHUS.

- COBOKYITHOCTBH IapaMETPOB KOHEYHOI'O 3JIEMEHTA
ONpEAEIAIOIMX 0a3UCHBIE (PYHKIIMH DJIEMEHTA U €T0

TOITIOJIOTHIO

- COBOKYIIHOCTHb MapaMCTpOB KOHCYHOI'O JJICMCHTA,

OTIPEEISIONUX eT0 GopMy

- Yron Mexay MNPOEKIUSMU HaIUIOCKOCTh JOPOTH
OPOJIOJBHBIX OCEH TPAaHCHOPTHOTO CpPEACTBAa U
HeJleOPMUPOBAHHOTO  OTPaXKJIEHUSI B Hadale

KOHTAKTa TPAHCIIOPTHOI'O CPEACTBA C OI'PAKICHUCM.
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Y nepxkuBaronias - Jlnana3oHbl 3HAYEHUN SHEPTUN yIapa, MO0 KOTOPHIM
criocobroCTh BBIOMPAIOT  KOHCTPYKIMHM  OTPa)¥JE€HUH  Jid
OTpaXICHUS

IIPUMEHEHUS B TEX WJIM UHBIX JTOPOKHBIX YCIOBUAX
[ar - IpUpPAILCHUE BPEMEHH 3a OJJHY UTEPALIHIO
WHTETPUPOBAHUS 110
BPEMEHU

4OCHOBHBIE pacueTHBIE CIy4Yau

OCHOBHOI 1I€JIbI0 PACUYETHOIO AHAJIM3ASBISAETCSA IOJIYyYEHUE TPeOyeMbIX
XApaKTEPUCTUK M3JENHsS IPU MUHHMAIBHOM BO3MOYKHOM KOJIMYECTBE HATYPHBIX
ucnbeiTanuil. [loaToMy B Hayaie METOAMYECKOM JOKYMEHTEOYAYT pacCMOTPEHBI
OCHOBHBIE€ TOTPEOUTENBCKUE MapaMeTpbl, KOTOPHIM JIOJKHO YIOBIETBOPSTH
TPOCOBOE OrPAXKIEHUE, A& 3aT€M OCHOBHBIEPACUETHBIE CIIy4yau, I103BOJISIOIINE

ONPEAENATh 3TH MapaMETPHI.

4.1 [NomHOMacImTaOHBIN KpaI-TECT

4.1.1 Pexxumbl UCTIBITAHUIN OTPAXKACHUN

Cormacuo TP TC 014/2011 «Texuuyeckuii periameHT TaMOXKEHHOTO
Coro3za. besomacHocTh aBTOMOOMIIBHBIX  Jgopor»[1],TOCT P 52721-2007,
MexrocynapctBernoMmy ctannapty (MC) «Jloporu aBTOMOOUIIBHBIE OOIIETO
noJib30BaHus. JIOpOXKHBIE OTpaxacHHsS. TeXHUYeCKHe TpeOOBaHU», a TaKKe
OIM 218.6.004-2011«Metonueckre pEeKOMEHJALMU MO0 YCTPOMCTBY TPOCOBBIX
JIOPOXKHBIX OTpaXKACHUU 11 oOecreueHrus Oe30IacHOCTH Ha aBTOMOOHMJIBHBIX
noporax» [2], Bce MOpOXKHBIC YACPKUBAIOIINE OTPAKIACHHS TOJKHBI MPOXOJIHUTH
HaTypHbIe UCHBITaHUS.OTHAM W3 OCHOBHBIX BHJIOB UCIBITAHHM, OMPEICIISTIONINX
OPUTOAHOCTh ~ OTPAXICHUS IS yCTAaHOBKM  HA  JIOpore,  SIBISIETCS

MTOJITHOMACIITAOHBIN Kpani-TecCT. HGJIB A9THUX MCOBITAHUM COCTOUT B OIpCACICHUN
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dakTHYeCKUX TIOKa3aTelied MOTPEOUTEIhCKUX MapaMeTPOB: yISP KUBAIOIMICH
CIIOCOOHOCTH, JUHAMHUYECKOTO MPOruda, pabodeil MMPUHBI OTPAXKIACHHUS, a TAKXKE
B OMpeesieHuN (PaKTUIECKUX ToKa3aTesneld 0e30MacHOCTH ATOTO OTPaKICHUS IS
JIOJIeH, HaXOMSAIIUXCS B YACPKUBAEMOM aBTOMOOWIIE, B TIEPBYIO OYEpEIb —
WHJICKCA TSHKECTH TPaBMUPOBAHUsA. VICTIBITaHHE OCYIIECTBIISETCS ITyTeM Hae3/1a Ha
OTpaKICHHUE, YCTAHOBJICHHOTO HA WCIBITATEIFHOW IUIOMIATKE, TPaHCIOPTHOTO
cpeactBa (TC) onpenesieHHOM MaccChl, ¢ ONMPEIEIEHHON CKOPOCThIO MO/ 3aJJaHHBIM
yriaoM. OCHOBHBIE PEXKUMBl HUCHBITAHUM W COOTBETCTBYIOLIME WM YpPOBHU
yaepxkuBarorieit crmocoonoctu npuseneHsl B 'OCT 52721-2007 u MC «J/loporn
aBTOMOOWJIbHBIC OOIIEro mojap30BaHus. JlOpoKHBIE OTpakacHHs. TeXHHUECKHe
TpeboBanus» U «Jloporn aBTOMOOWJIbHBIE OOIIEro MoJb30BaHUs. JlopokHbIE

OFpa)KI[GHI/IH.MCTOIIBI KOHTPOJIS.

4.1.2 Kpurepun OLIEHKU JTOPOKHBIX OTPaXACHUN

PaGoTta orpaxacHus B MpOIECCE HCIBITAaHUS JODKHA YAOBIETBOPATH 4
OCHOBHBIM KPUTEPHSIM:

- 0€30I1aCHOCTH NaCCaXKUPOB;

- 0€30I1aCHOCTH TPAHCIIOPTHOTO CPEJICTBA,;

- HaJIKHOCTH pabOThl OTPAXKICHHUS,

- 0€30IaCHOCTH MEMIEX0I0B;

Ornenky 0e30IMacHOCTH JtoJiel (MacCaXUPOB U BOJUTEINSI), HAXOMSIIMXCA B
aBTOMOOMJIE TP HAE3/I€ Ha OTrpaXkKJAeHue, MPOBOIAT MO 000OIIIEHHOMY MOKA3aTENI0
WHEPITMOHHOW TepEerpy3Ku B IIEHTPE MacC aBTOMOOWJIS, KOTOPBIM SIBJISICTCSI Tak

HAa3bIBAEMBIM [MOKA3aTEb UHAECKCA TSYKECTU TpaBMUpoBaHus M:

i = (N_) +(&) +(N_) (4.1)
12 9 10
rne Ny, Ny, N, — cpennee 3HaueHMe MHEPUMOHHBIX NEPETPY30K Ha

paccMaTpMBaEMOM YYacTKE BJOJIb MPOJOJIBHOW, IMOMEPEYHOM W BEPTHUKAIBHOU

ocen aBTOMO6I/IJ'I$I, IMPpOXOoaAIINX Y€PE3 LHCHTP MacCC.
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Kak cnenyer w3 dopmyne, uagekc M Oymer ompenmeneH, ecnu OymyT
U3BECTHBI YCKOPEHHUS B IIEHTPE MacC aBTOMOOMIIS.

be3omacHOCTh ~ TpaHCHOPTHOTO  CPEACTBa,  SBIAIONIYIOCS — €le U
HIKOHOMUYECKOM XapaKTEPUCTUKOM, OLIEHUBAIOT O Jehopmaiuu canoHa (KaOWHBI)
yepe3 KOd(DPUIMEHTh COXPaHHOCTH BHYTpEHHHX pa3mepoB.llomyuenue 3Toro
napamMeTpa BO3MOXKHO B Cilydae, €ClId pacueTHas MOJENb aBTOMOOWIS OyJner
nebopMupyeMoil, Toraa Mbl MOJTYYHMM HW3MEHEHHE TeOMETpUH KaOuHbl. B
HEKOTOPBIX CIIy4asiX, KOTJa 3HAUEHHE 3TOTrO MapjaMEHTa HE MPEBBICUT 3aJIaHHOMN
BEJIMYMHBI, BO3MOXHO IPUMEHEHHE TBEPAOTEIFHOM MOIETTH aBTOMOOMIIS.

I'OCT P 52721-2007 u nepeuncnenasie MC yCTaHaBIWBAIOT CIEAYOIIHE
OCHOBHBIE TOTPEOUTEIBCKUE XaPAKTEPUCTUKH

- TIpY Hae3[le UCIBITYEMOTO0 aBTOMOOWJISI Ha OTrpa)JIeHHE O0apbepHOTO WU
KOMOMHHMPOBAHHOI'O TUIIOB HE IIPOU3O0IIEN pPa3phiB TPOCa;

- IIpU Hae3/e IPy30BOr0 aBTOMOOWJIS B OTPakJI€HUHU JOPOKHOM IpynIbl HE
MPOU3OIUIO PAa3PYHICHUSIOCHOBAHUM CTOCK WJIM WX BBITSATUBAHUA U3 3EMJISTHOTO
MOJIOTHA,

- TIOBPEXKJCHUS TUIMTHI B MECTE aHKEPOBKH OTPaXKJACHUM, Pa3pbIBOB aHKEPOB
3aKJIaJIHBIX JETAJIEH.

- TIpY Hae3/1€ aBTOMOOMJISL Ha Orpa)KICHUE HE JOJKEH NMPOUCXOIUTH OTPHIB U
BBUIET TSDKEIBIX YacTel OTrpaKIACHHSI Ha TIPOE3KYIO YacCTh.

Ha  ocHOBe  TmpOBENEHHBIX  HUCHBITAHUN  BBIIEISET  CIEIYIOIINE
OCHOBHBICTIOTPEOUTEITHCKUE XapaKTEePUCTUKHUIOPOKHBIX OTpaKICHUNA:
YAEPKUBAIOIIYIO CIIOCOOHOCTh, JTWHAMHUYECKHM Mporud, pabouyr MIHUPUHY U
naaekc U.

[TostoMmy B 3amaye pacyeTHOTO CHUMYJSAIMOHHOTO  MOJIEIHPOBAHUH
MOJIHOMACIITAOHOTO Kpall-TeCTa OTPaKIEHUS MOXKHO BBIICTUTH CIEIYIOIINE
OCHOBHBIE TapaMeTpbl OrPAXKACHHS, KOTOpble HEOOXOAMMO TOJYyYUTh B
pe3ynbTaTe pacyerTa:

e mporud orpaxaeHus (A,);

e yckopeHus B 1ieHTe Macc aBToMoOMIIs (Ny, Ny, N,);
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e nedopmarus caoHa aBTOMOOHUIIS;
e BEIOCT aBTOMOOMIIA,

e paboyas MIHMPUHA,;

4.2 MoaenupoBaHue Hae3/a TEICKKON

B Hexoropeix ciayyasx (CM «Jloporu aBTOMOOMIIbHBIE OOIIETO MOIH30BAHMS.
JlopokHbIe orpaxacHus.MeToIbl KOHTPOJIS») MPOBOJSATCS HCIBITAaHUS HE BCETO
orpaxkneHusi, a ero dvacteil.Ilpm 3TOMOOBIYHO uCHONB3yeTCs Hae3d yAapHOU

TeJeXKKOM (pucyHok 4.1),

s
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Pucynok 4.1 — VY napnas Tenexka

Haubonee TunuyHbIMU CIydasiMi UCIIOIb30BAaHUS TEIICKKH SBIISIOTCS 3aMeHa
OJHOM KOHCTPYKIIMM CTOMKM JPYrOW WIIM YCTAHOBKA OTPAXICHUS B TIPYHT

OTJIMYHBIN OT TOI'0, B KOTOPOM IIPOBOAUIIUCH €T'O HATYPHBIC UCIIBITAHH.

5 Bri0op MeToa pacye€THOTO CUMYJIALIMOHHOTO aHATIN3al PACYETHON CXEMBI
[Ipomiecc CTONKHOBEHUS aBTOMOOWIII C OTPaKICHUEM XapaKTEePHU3yeTCs
CIIOXHOW TeoMeTpuyecKkord QopMoil  yrapsirouuxcsi OOBEKTOB, CIOKHBIMU

TPaHUYHBIMU YCIIOBUSIMHU, BBICOKUMHU CTENEHSIMHU T€OMETPUUYECKON U (PU3NUECKON

8
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HEJTMHEHHOCTH, BEICOKOW CKOPOCTHIO MPOTEKaHus mporecca. [1oaToMy B KauecTBe
METO/Ja pEeIIeHUs 3a7a4d BbIOpAH YHCICHHBIA METOJ - METOJ KOHEUYHBIX
anemeHToB (MKDJ)B amHamuyeckoil mocraHoBke.OCHOBHBIE MPEACTABICHUS O
MKD moxHOo HaiiTh B [3, 4]. OcHoBHOe ypaBHeHuss MKD cienyroriee:
[m]{%} + [cl{x} + [k]{x} = {F} (5.1)
rJie m - MaTpHIla Macc MoJienu, F — Marpura cwr;, ¢ — maTpuia BI3KocTH; k —
MaTpHIla )KECTKOCTH; X, X,X — MaTPHUILIbI IEPEMEILICHUI, CKOPOCTEH U YCKOPEHHU,
COOTBETCTBEHHO;
N3 cymecTByromux cxeM peiieHus ypaBHeHus (5.1) Oblia BbIOpaHa siBHAS

cxema. [Ipu aTom perienne ypaBHeHui 5.1 mo 3Toit cxeme uMeeT ClIeIyIomui BU/I:

U
Xpt1 = Xp + At * X, + Txn (5.2)
At
Xn+1 = Xn + 3 (Xn + Xnt1) (5-3)

Cpenu CylIecTBYIOIIUMX MPOTPaAMM, PEAM3YIOIIUX SIBHBIA METOJl, OOBIYHO
UCIIOJIBL3YETCs TporpamMmubIid koMiniekcLs-Dyna [5]. Bee nanbHelinve qaHHbIe U
KapThl OyAyT IPUBEACHBI UMEHHO JJI TOTO MIPOrPAMMHOTO KOMILIEKCA.

AnbsrepnatuBamuls-Dynamoryt OBITh nporpammbl: MSCDytran,
AltairRadios, Abaqusexplicit, Nastranexplicit, Pamcrash. Otmerum, 4to mnpH
UCIIOJIb30BaHUN JAPYTUX, B TOM YHUCJIE M YHOMSHYTBIX BBIIIE MPOTPAMMHBIX
KOMILJIEKCOB, BCE MPUBEJAEHHBIE B TOKYMEHTE MOAXOAbl MOJAEIUPOBAHUS OCTAKOTCS

AKTYyaJIbHBIMHU.

6Pexomenaaru o co3ganuto KO ceTku orpakaeHus

Co3nganue MaTeMaTUYECKUXKOHEYHORAJIEMEHTHBIX MOJENEeH OrpaxiacHud u
MX DJIEMEHTOB COCTOMT M3 HECKOJBKMX OCHOBHBIX ITOCJIEIOBATEIBHO
BBINOJIHSIEMBIX 3TAOB: CO3/IAHUE T€OMETPUYECKON MOJIEIIH, TIOCTPOEHUE KOHEYHO-
anemeHTHOU ceTku (KD ceTku), 3amanue Mojenei marepuana, TUIIOB 3JIE€MEHTOB,
TPAHUYHBIX YCIIOBHM U KapT KOHTPOJA. B Havane pacCMOTpPUM MpPOLECC 3aJaHUs

KD-ceTkn Ha OCHOBHBIX 3JIEMEHTaX OrpaxICHUS.
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OObekTamMu pacyeTa SIBISIOTCS TPOCOBBIE OTPAXKIECHUS — 3TO OJUH U3 BUJIOB
JIOPOKHBIX OTPaKJICHUIM, OCHOBHBIM DPAOOUYMM HJIIEMEHTOM KOTOPBIX BBICTYIAET
Tpoc. TumuyHass cxema Takoro OrpaXkJIEHUs BKIIOYAaeT B cels cCleayrolue
OCHOBHBIE KOMITOHEHTBL: TpPOCBHI, CTONKH, THJIB3bl M SKOPHbIE (AHKEPHBIE)

ycTpoicTBa (pucyHoK 6.1).

‘ b|u_||<a CTOMKM
TPOC OrpaxaeHus

A |

/ // ¢

= .
‘ / CTOMKa
rmnab3a

Pucynox 6.1 — OCHOBHBIE 3JIEMEHTHI TPOCOBOTO OTPAKIACHUS
XapakTepHbIMU OCOOCHHOCTSIMUA Pa0OTHl TPOCOBBIX OTPAKICHUM SBISIOTCS
HEOOJIBIITNE TIEPETPY3KH, BO3ICHCTBYIOIINE HA BOIUTENSI B IpoIecce ymapa o0
OTpPaXKJICHWE, W BBICOKAs DSHEPTOMOTJIONMIAIOINIAST CIIOCOOHOCTh OTrpakKiaeHus. B
KaueCTBEe KOHCTPYKLIMH JJIsi CO3/IaHUs PACUETHBIX MOJIeNei BbIOpaHa KOHCTPYKIUS

orpaxxaenus, pazpaborannas coBmectHo MAJIM u OO0 «HITO Meauana»[6].

6.1 O0uue TpedboBanus k KD monenu

6.1.1TpebGoBaHus K reOMETPUU

['eoMeTprUecKyl0 MOJIEb OTPAXACHUS HEOOXOAUMO TOATOTOBHTH IS
pa3OreHns Ha KOHEYHBIC DJIEMEHTHI. VI3 MOJCIH TOJDKHBI OBITh YAAJICHBI MEIKHE

OTBCPCTHA U (baCKI/I, CymCCTBCHHO HC BJIMAIONIHMEC HA JKCCTKOCTH KOHCTPYKIHH U

10
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dbopmy norepu ycroiunBoctu. [loBepxHOCTH CIIOXKHON (DOpPMBI creayeT pa3ouTh
Ha Oonee mpoctsie. [IpuMep Takoro pazdoueHus MOBEPXHOCTH Ha Oojiee MPOCThIE

NpUBEJICH Ha PUCYHKE 6.2.

>

Pucynok 6.2 — Beigenenue npocTsix Guryp mpu s moctpoenus KO cetku
B pesyinbrare Takoro yHnpoIICHUs IIOBEPXHOCTHM CETKa I10JIy4aeTcs
pPEeryJIIpHOM, T.K. KaXJas M3 IMIOJYyYECHHBIX ITOBEPXHOCTEH uUMeeT 4 TpaHH.
PerynsipHple CETKM yMEHBIIAIOT MPOAOJKUTEIBHOCTh PACYETOB, a TAKXKE JIydllle
otoOpaxaer (opMmbl morepu ycronyuBocTU. [lo3TomMy Tak rzie 3TO BO3MOXKHO,

HE00X0AMMO MAaKCUMAaJIbHO YIPOUIaTh pa30MBaeMble TOBEPXHOCTH.

6.1.2 TpeboBanus Kk pazMepy dIeMeHTa

KoneuHo-aneMeHTHast ceTka OMpeAessieT, Kak KadeCcTBO pElIeHUs, TaK U
BpeMs cueta. OCHOBHBIM YCJIOBHEM, OOECIEUUBAIONIMM CTAOUILHOCTH PEIICHUS
ABHBIMM Me€TOJaMu, sBigeTca ycioBue Kypanra-Opugpukca-Jlesu. [ns
CTAOMJILHOCTH PEIICHUS B IBHBIX METOJaX IlIar 1Mo BPEeMEHU JOJDKEH ObITh MEHBIIIE

BPEMEHU MTPOXO0K/ICHUS BOJIHBI BO3MYILIEHHS (Iedopmaiuii) no 3JIeMeHTy:

O

At == (6.1)
c
rae At — miar 1mo BpemMeHu,
|. — XxapakTepHBIil pa3Mep JEMEHTA;
C—CKOPOCTb 3BYKa B CpEJIE;
N3 dopmynsl crneayer, 4yTO YMEHBIICHHE Pa3MEPOB DJIEMEHTa BEIET K

CYmECTBCHHOMY YBCIMYCHUIO JIMTCIBHOCTHU IIpOLECCa CUCTa (663 HN3MCHCHMUA

npyrux mapamerpoB). C npyroil cTopoHbl, Tpybas ceTka He oToOpaxkaer
11
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npaBwIbHYIO GopMy AehopMalvy EeTadu WIA PE3KOe M3MEHEHUE HANPsHKCHHUH B
paccMmatpuBaeMoi 30He. PexoMeHyeMbIil pazmep 000JIOUEUHOr0 AJIEMEHTa MpU
MOJICIMPOBAHUU OTPAKIECHUN JOJDKEH COCTABJISTH HE MEHEE 5 MM B 3TOM cllydyae

-6
1Iar mo BpeMeHu cocrasut 10 c.

6.1.3 TpebGoBanus k popMe >JIEMEHTOB

JIJIsl OIIEHKHM KavecTBa CETKHM PAcCMATPUBAIOTCS 5 OCHOBHBIX IMAapaMETPOB:
napameTp COOTHOUICHHUS CTOPOH JJIEMEHTA, SKOOMaH,
KOHYCHOCTb,CKOIIIEHHOCTh,KOpoOaeHue. MckaxeHus: GopMbI 3JIE€MEHTa, KOTOPhIE

XapaKTepU3yIOT 3TH apaMeTphl, IPUBEICHBI HA pPUCYHKE 6.3.

Ay

H.ﬂ.eaﬂbHaH HOHVCHOCTI} CKOWEHHOCTL
dbopma

Kopobnenme

Pucynox 6.3 — Jlepextsr popmbl 271eMEeHTOB
[Tapametrp cooTtHomeHus ctopoH (ITOC)aneMeHTa xapakTepu3yeT CTENEHb
OTKJIOHEHUS (OpMBI dJIEMEHTa OT WJIeanbHOM (KBagpar, paBHOOEIPEHHBIH
TPEYTOJbHUK, KyO, MpaBWibHAs MHUpamMuaa M T.1.). ONTUMaIbHBIM 3HAYCHHEM
napamerpa I[IOC saBnsercs 1. I[TOC omnpenensiercsi, Kak OTHOIIECHUE
MaKCUMaJIbHOTO XapaKTEPHOTO pa3Mepa dJIeMEHTa K MUHHMAIBLHOMY C Y4E€TOM
kodpdunmenta Qopmbl. XapakTepHble pa3Mepbl OCHOBHBIX  JJIEMEHTOB

MIPE/ICTABICHBI HA pUCYHKE 6.4,

12
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>a
=5

/ :\ e
w5 N
e T
/ E:: . g

/ u_ g
&
(6)

(8) (r)

a — MPSIMOYTOJIbHBIN; O — TPEYTOJIbHBIN; B — TPAMCIIUEBUIHBIN; T —

BOCBMUY3J10BOM;

Pucynox 6.4 - XapakTepHbie pa3Mephl JIEMEHTOB Pa3IMYHBIX THIIOB

HaHpHMep, I IIPAMOYI'OJIBHOTO 3JICMCHTA!

I0C = hy/h, (6.2)
rne h; — MeHbIee U3 pacCTOSTHUN MEXIy cepelMHaMK CTOPOH;
h, - GonbIiee U3 pacCTOSIHUN MEXIy CepeIMHAMH CTOPOH;

SIxoOuaH GopmMupyeTcs JUIsl KaXXA0ro 3JIEMEHTa B MPOLECCEe BBIUMCICHUH U,
HETMOCPEICTBEHHO BIMSIET Ha TOYHOCTH PE3yNbTaTOB. PekoMeHayemMoe 3HaueHue
sTOTrO Mapametpa pasto 0,6.

PexoMeHyeMble 3HaUCHHUS TapaMeTPOB, XapaKTEPU3YIOIINX Ka4eCTBO CETKU
npuBeaeHo B Tabmune 6.1.

Tabnuma 6.1 — [TapameTpsl KadecTBa CETKU

[TapameTp KauecTBa CETKU Pexomennyemoe 3HaueHne
[TapameTp COOTHOLIEHUS] CTOPOH He 6onee 10

AIIeMEeHTa

SIxkoOuan He meHee 0,6

KonycHocTh He Oonee 45
CKOIIIEHHOCTH He 6ounee 0,7

Kopobnienue He Oonee 10

13
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KonuyecTBO TpEeyroybHbIX 3JEMEHTOB JOHKHO COCTaBiATh MeHee 10% ot
OOIIEero 4ucia 3JIEMEHTOB B MOJEIM, T.K. OHM MPUAAIOT JIONOJHUTEIBHYIO

KCECTKOCTBb CUCTEMC.

6.1.4 O6mmue TpedoBanus k KO cetke
OcHoBHble TpeOoBanus k KO cetke:

o (Cerka 10JKHA UMETh PETYJSIPHYIO CTPYKTYPY TaM, /i€ 3TO BO3MOXKHO. JInHUM
CEeTKH JIOJDKHBI OBITh MapajyieNibHbl WM  NEPIEeHIUKYJSAPHBl TPAHULE
MOBEPXHOCTH.

e HeoOxomumo d4roObl mapaMeTpbl XapakTEPU3YIOLIUE KAuyeCTBO  CETKHU
YKJIaJIbIBAJIMCh B JUANa30H yKa3aHHbIN B Tabnuue 6.1.

e Pasmep snemMeHTa AODKEH OBITh TakoW, YTOOBI MIAr MO BpeMEHU Oe3
macirrabupoBasust He npessiman 107 ¢,

e KonmdecTBO TpeyroJIbHBIX AJIEMEHTOB HE JI0KHO npeBbimarh 10%.

6.2 Pexomenmamuu mno co3gaHuro KD ceTKM Ha OCHOBHBIX DJJIEMEHTAX
OTPAXKJICHUS

BoeiOupatorcss  0a30Bble  I€OMETPUUECKHE DJIEMEHThl  OrPpaKICHUS —
reoMeTpuYecKkas MOJeidb 4YacTh (PJIEMEHTa) OrpaXJICHHsS, B pe3yjbTaTe
KOMUPOBAHUSI KOTOPON MOXKHO TOJYYUTh BCE OrpaxiacHue.B paccmarpuBaemMom
npuMepe MOJEIUPOBAHUS TPOCOBOTO OTPAXKJCHUS 0a30BBIMU DJIEMEHTaAMU ObLIH

BBIOPAHBI CTOMKA OTPaKICHUS, KPBIIIIKA CTOWKH, ¥ THJIh3a (PUCYHOK 6.5 (a)).

6.2.1Co3nanue KO ceTku CTOMKU OrpakIeHUs

Croiika  TpOCOBOTO OTPaXKICHUSIOOBITHO MPEACTABIISACT coOoit
TOHKOCTEHHBIH mpoduias paznmuuHoro odepranusi[2]. CTOHWKy ONTHMAaIbHO
MOJEIUPOBaTh 000J0ueYHbIMH dyieMeHTaMu. OO00J0YKy W3 TBEpAOro Tea,
MOJIYYIOTITYTEM BBIICNICHUS CPEIUHHON TIOBEPXHOCTH, C TIOMOIIBIO OIepaIuu

midsurface[5] , 3aech u panee, Kak YK€ YKa3bIBajIOCh, HCIOJIb3YCTCS
14
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TEPMUHOJIOTHST TIporpaMMHoOro komruiekca LS-Dyna. Kak utor sToii omnepauuu
OyzeT mosydeHa reoMeTpus 0e3 TOJIIWHBI, MCTOoJb3yeMas i mocTpoeHus 2D
ceToK (pucyHok 6.5(0)).

Ecmm  croiiku, Kkak B paccMaTpUBacMOM TIPUMEpPE, CHUMMETPUYHBI
OTHOCUTEIFHO IIEHTPAIbHOM IIJIOCKOCTH, MPOXONSAIIECH 4Yepe3 OTBEpCTHs, s
noyiyueHusi Ooyiee PaBHOMEPHOM CETKH, €€ HeoOXOJMMO pa3pe3arbBaoib U
pa3OuBaTh TOJBKO oOcCTaBmIyiocs mojoBuHy (PucyHok 6.5 0). Jlns pazgeneHus

MOBEPXHOCTEH HCIONIL3YEeTCS HMHCTPYMEHT peIaKTHPOBaHus reomerpun — Split.

L O T O U L L ]

(@ ©) )

a — TeOMETPUYCCKas MOJIEIb CTOMKHU; O — 000JI0UYeYHast MOJIC)Ib CTOMKH; B —
TeOMETpPHSI CTOWKH; YIPOIIeHHas s 1iesieii pa3ouenus; T — KD ceTka cToku
Pucynox 6.5 — Monenu croiiku

~
=)
~

OnuH U3 MPUMEPOB TAKOTO YIPOIICHHS TMOKa3aH Ha pucyHke 6.5 (B). s
MOJIYYCHUS] PETYIISIPHBIX CETOK Ha OKPY>KHOCTH BOKDPYT BBIPE30B, CEPEAMHBI MX
BEPIIMH ObUIH CIPOCIIMPOBAHBI HA MPOTHBOIIOJIOKHBIE MJIOCKOCTH U TIOBEPXHOCTH
ObUTM pa3pe3aHbl 10 3TUM TOYKaM. B aHHOM cilydae CKpyTJIeHUS OTBEPCTUH HE
yOHupanuce, T.K. OHH JIOCTATOYHO BEJIMKU U IO 3HAYEHUIO OJU3KH K BHIOPAHHOMY
pasMepy dJeMeHTa (B mpuBeneHHOM mpumepe 7 mM). Ho B ciywae, ecnu mist ux
O0TOOpaKEeHHsI HEOOXOMM CIIMIIKOM MaJCHBKUN pa3Mep AJIeMEHTa, IO CPABHEHUIO

C BBIOpAHHBIM IIarOM, OTBEPCTHs HeoOxonuMo yopaTs. KO ceTka paccMOTpeHHOTO
15
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JIeMEHTa TpeJcTaBieHa Ha pucyHke 6.5 (r). Cnemyer OTMETHTh, YTO IS
aJIeKBAaTHOTO OIMCAHUS TMpoIlecca pa3pymIeHHs] JeTall CeTKa JOJDKHA OBITh
JIOCTaTOYHO MeEJIKasi, YTO SBJISACTCS OJAHMM W3 Hamboyiee BaXKHBIX KPUTEPUECB

noadopa ee pazMepa Hapsiay ¢ oToOpakeHrneM (popMm moTepr yCTOMIUBOCTH.

6.2.2 Cozmanmne KO ceTKu KpbIIIKHA CTOMKH OTPaXICHUS

Kpblllka CTOMKH TpPOCOBOTO  OIPAKICHUATAKXKE, KaK M  CTOMKA,
W3TrOTaBIMBACTCA W3 TOHKOJMCTOBOM CTAJIM, €€ MOJEIb PAacCCMATPUBACTCS Kak
obonouka. OaUH U3 BapHAHTOB MOJIETH KPBIIMIKK M €€ CPEeIWHHAs MOBEPXHOCTH

MoKa3aHbl Ha pUCcyHKe 6.6 (a) u (0).

(a) (6) (8)
a — reoMeTpuyeckas; 6 — ynpoiieHHas, reomerpuieckas; B — KO mozenp

Pucynoxk 6.6 — Moaenu KpbITKy

[TocnenoBarenbHOCTh pa3OMEHUs KPBIIMIKM HAa KOHEYHBIX DJIEMEHTHI
Cleayrolas: MepBOHAYAIBHO HYKHO PAa30MTh KPBIIIKY HA HECKOJBKO MPOCTHIX

MOBEPXHOCTEH, JIydllle BCEro MPOBECTH pa3pe3bl MO JHUHUM TMPUCOCAUHEHUS

16
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HWKHUX YacTeH KPBILIKK U MONpoO0BaTh NOCTPOUTH CETKY. Eciu mocTpoutens He

CIIpaBJIsIeTCsl, TO HEOOXOAMMO JajbHENIIIee YIPOLIEHNE TOBEPXHOCTH.

6.2.3 Coznanne KO ceTku ruib3bl OrpaxacHus

Mogens TWIB3bI TIpejAcTaBiieHa Ha pucyHke 6.7 (a). Tak kak ruiab3a
YCTaHABIIMBACTCS HEMOCPEJCTBEHHO B TPYHT WJIH JOPOXKHOE IOKPBITUE, WIH
pa3Mmerniaerca B OCTOHHOM (yHIaMEHTE, TO BO3MOXKHBI Pa3IUYHbIC BapUAHTHI
co3ganusi KD Mogenu TUIB3bl € OKpPYXAIOUIUM IMPOCTPAHCTBOM. 37€Ch
paccMOTpEeHbI 2 BapuaHTa pa30MEeHUs TUIb3bl B 3aBUCHMOCTH OT CIoc0o0a 3aJaHus
rpyata. Ilpm  MopenmpoBaHWM TpPyHTa  TBEPAOTEIBHBIMH  DJICMEHTAMH,
HE00X0AUMO, YTOOBI IPaHM JIEMEHTOB T'WIIb3bl U TpyHTa coBnaganu (Pucynok6.7
(a)).B ciyyae HecoBmaeHusl Y376l THIIB3bI OyIyT H3HAYAIEHO MPOHUKATH B TPYHT,
U CO3/1aBaTh HamnpspbkeHus, (GakTUUeCKHM He CylecTByromue. B ciydae xe
YBEPEHHOCTH B JJOCTATOYHOM KECTKOCTU OCHOBAHUS, HAIIPUMED, €CITU OTPaK/ICHUE
OyZeT yCTaHaBIMBATHCA B JKECTKYIO JOPOKHYIO OJEKIY, CETKa TOJKHA OBIThH
MEJIKOM, a Marepuand THIb3bl BbIOMpaThCs abcomoTHO xecTkuM. Cremyer
3aMETUTh, YTO €CJIM MaTepuan abCONIOTHO KECTKUH, TO OTpaHUYCHHE Ha pa3Mep
JIeMEeHTa  CHUMaroTcs.Menkass ceTka Jiydiie OTOOpa)xkaeT  KOHTaKTHOE

B3aMMO/JICHCTBUE. TPaHb T'MJIb3bl — CTOMKA.

17
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(a) (6) (8) (r)
a — reoMeTpuyeckas; 0 — yrpouieHHas, reomerpudeckas; B — KO Momens ¢

KpyIHOH ceTKoil; T — KD Moenp ¢ Menkon ceTkoin
Pucynox 6.7 — Mojenb rusb3bl

6.2.4 Coznanue KO cetku rpyHTa u 6eToHa

beron ¢yHnamenTa (Tuiap3a — CTOMKA) WJIM TPYHT MOJEIUPYIOTCS C
UCTOJIb30BAHUEM BOCBMUY3JIOBBIX 3JIEMEHTOB. Mojaenb 000uX 3JIEeMEHTOB
TIOJTy4aeTcs MyTeM «BbIIaBIuBaHus U3 2DceTku oneparmeii Sweep(pucyHok 6.8).
['pyHT MMeeT Manoe 3HAUYEHHWE MOIYJSA YIPYTOCTH, YTO MOMKET MPHUBECTH K
HECTAaOUIBPHOCTH KOHTakTa. YTOOBI MpedoTBpaTHUTh dSTO, BOKPYr TpYyHTa
HE00XO0MMO CO3/1aTh CETKY U3 000J04YEUHBbIX 31€MEHTOB. Takas ceTka J0CTaTOuHO
IPOCTO CO3/1aeTCs onepanuel 3aaHusl HIEMEHTOB Ha CBOOOJHBIX MOBEPXHOCTSX
TBEPAOTENBHBIX 3JIeMEHTOB. KOHTAKT MeXay TPyHTOM U OCTAJbHBIMH YacTAMHU

MOJIeJIM HE0OX0IMMO 3a/1aBaTh, UCHONB3YS 3Ty 2D ceTky.

18
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Pucynok 6.8 — KO cerka rpyHra

6.2.5 Coznanue K3 cetku Tpoca

B Haubonee cnoxHom ciydae KD cerka Tpoca mpencraBisieT coOoi
WIMHIP, BHYTPU KOTOPOTO TPOXOASAT OajouyHble dmeMeHThl. s mocTpoeHus
OamoOYHBIX  JJIEMEHTOB TMEPBOHAYAIILHO HEOOXOAMMO TMPOBECTH  JIUHHUIO,
COOTBETCTBYIOILYI0 OCH TpOCa, a 3aTeM pPa3douTh ee Ha TpeOyemoe KOJUYECTBO
aneMeHTOB. Ilocne moctpoennss KO ceTku cneayer M3MEpuTh JUIMHY JJIEMEHTA
(oHa Oyzmer oTiAMYaThCA OT 33JaHHOM, T.K. OHAa HE BCErJa LEN0e YUCIOo pa3
YIOXKHUTCS B JUIMHY Tpoca). 3aTeM WCIONb3ys HHCTpyMeHT Shapemesher —
Cylindermesh ctpoutcst o6osoueunas KD cerka BOKpyr OalOUHBIX DJIEMEHTOB
Tpoca. O00JI0UEeUHBbIE AJIEMEHTHI CBS3BIBAIOTCA ¢ OamounbiMu RBEsnementamu,

KOTOPBLIC 3aCTaBJIAIOT UX pa6OTaTB KakK OAHO I EJI0C€.

6.2.6 IToctpoenne KO ceTku KOHIIEBOTO y4acTKa OrpaKICHUs

MogenupoBaHie KOHIIEBBIX YYAaCTKOB OTPaXIEHUS TNPUHLUIHAIBLHO He
OTIIMYAETCS OT IOCTPOCHMSI CETKM CTOMKM U Tpoca orpaxaeHus. OCHOBHBIM
OTJIMYAEM SIBJIIETCSl HAJMYME AHKEPHOW IUIMTHL. AHKEpHas IUIMTAa MPEACTaBISIET

cOo00M WJIM HENBHBIM CTaIbHON JIMCT, WM HECKOJBKO CBAPEHHBIX MEXIY CoOOM
19
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auctoB. B olmieit Mojenu orpaxaeHus peKOMEHAYeTCsl MpeHeOpeub CBAPHBIMU
IBAMH U MOJEIHPOBATh aHKEP KaK HECKOJIBKO 00O0JIOUEK, COCAMHEHHBIX APYT C
JIpyroM mno Bceil moBepxHocTU. KoHieBble OO0JITHI UM raliku HE MOJAEIUPYIOTCS, a
3aMEHSIOTCS  NPY)KMHAMU ~ SKBUBAJEHTHOM  JKECTKOCTH,  IPEABAPUTEIBHO
HAaTSHYTBIMM Ha BEIWYMHY HATSDKEHUS TpocoB. KOHIBI NpyXHMH Kpensarcs K

aHkepy ¢ nomoiibio RBEsnemeHTOB.

Pucynok 6.9 — KoH1IeBOM y4acTOK OrpakICHUS

6.2.7 Co3maane KD ceTku Bcero orpaxacHus
OObenuHssT BCE ONMMCAHHBIC BBIIIEC 3JICMEHTHI B OJHY MOJCIIb MbI ITOJTYYHM
MOJIeJIb YaCTH OTPakJICHUsS, U3 KOTOPOH MmyTeM KomupoBaHus (omeparus Move-

Copy) nosy4aercst MOJEb pab0Yero ydyacTka Orpak/IcHHI.

Pucynok 6.10 — DnemeHTapHas MOJIETbh OTPaXKICHUS

20
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Mopenb pabouero yvactka orpaxiacHus (0€3 Ha4aJIbHOTO U KOHEYHOTO)

nocJie BoinoyiHeHust onepanuu Move-Copy nipeacTaBieHa Ha pucyHke 6.11.

Pucynox 6.11 — Moaenb Bcero TpoCOBOTO OTpakaeHUs, JITHHON 90 M

/PexomMeHaaIu Mo 3aJIaHui0 MoJIeJIel MaTEepPUAJIOB U TUIIOB 3JIEMEHTOB

7.1 PacuetHas Mojenb Tpoca

CranpHble KaHAThl UMEIOT MHOXECTBO KOHGUTYpauid 1 GopM, OJTHAKO IS
TPOCOBBIX OTPAXKICHUN B HACTOSIIIEE BPEMS B OCHOBHOM MPHUMEHSIETCS TOJBKO
OJIUH WX BUJl — TPEXMPSAHBIA CyXONTPOC, COCTOSIIIMIA U3 7 MPOBOJIOK, C OOIIUM
auamerpom 19 mMm[2, 7, 8].

OCHOBHBIMM ~ MEXAaHUYECKUMHU  XapaKTEPUCTUKAMHU TpOcCa  SIBJISIOTCS:
MPUBEACHHBIM MOJYJIb YIPYTroCTH (B JaldbHEHIIEM MPOCTO MOAYJIbh YNPYTrOCTH),
U3ruOHasi KECTKOCTh M >KECTKOCTb Ha KpydeHue. Tpoc SBIAETCS CIOKHBIM
¢u3nueckuM OOBEKTOM C HEJIMHEHHBIMM XapaKTepucTUKamMu. Bauay ero
CJI0’KHOCTH paccMOTpeHbINsATh KO Monenel Tpoca, Kaxaas U3 KOTOPbIX MOJXOIUAT
B T€X WJIM UHBIX CUTYyalUsX MpHU MojaenupoBaHuu orpaxaenuii. Koa xkapt Ls-Dyna,
HEOOXOMMBIX JIJIs 33JaHUsI MoZieiel Tpoca, mpuBeseH B [Ipunoxennn A.1.

YpaBHEHUS JUIs OINPEIECIICHUS] BHYTPEHHUX MOMEHTOB B CEUCHHUSX TpOCa
MMEIOT CJICAYIOIINUN BUT:

My, = ElLy(ky — kD); My =EL,(k, —k9); T, =C(r,—19) (7.2)
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rae: M — momenT, E — Mogyne ynpyroctu, |-MoMeHT MHEpLUH,
k—xpuBu3Ha, T—KpyTSIIUii MOMEHT, T — yron 3akpy4mBanusi, C —

HKECTKOCTh HA KPyUECHUE.

7.1.1 CtepkHeBast MOJieb TpOca

[lepBas Monenb Tpoca — MpocTelias cTep:kHeBas Mofelb Tpoca. Jo
HEJJaBHETO BPEMEHHU BCE TPOCOBBIC CHCTEMBl PACCUMTHIBAIMCH HA OCHOBE TEOPUU
TOHKUX YIPYTUX HUTEH.YCcuine, BOZHUKAIONIEE B TAaKOW HUTHU OMPENEISIETCs MO
cienyroieit hopmyie:

F = max(F, + KAL,0) (7.1)

rae F — ycunue B Tpoce (HUTH),

K — 5KecTKOCTb Ha pacTsKEeHue

AL — u3MeHeHue JJIMHBI 3a 11ar;

PexomenmyeTcss HCTIOMB30BaTh ATy MOJETh B T€X MECTaxX MOJEIH, T HET
KOHTaKTOB, HO HeoOXoIuWMa Tepefadya YCHUJIMH Ha TOCIEAYIOUINE SJIEMEHTHI

KOHCTPYKLIUH.

7.1.2 bano4yHo-TBEepAOTEIbHAS MOCIb TPOCA
HenocrtaTtku mepBoil MOAENM OTYACTH KOMIIEHCHPYIOTCA B CIEIYIOIIEH W3
PAacCCMOTPEHHBIX MOJIeNied MyTeM J00aBJeHUSI TOBEPX HUTH TBEPJOTEIbHBIX

3JIEMEHTOB C U3TUOHOM KECTKOCThIO, paBHOM KECTKOCTH Tpoca (pucyHok 7.1a).

(a) (6)
a — 6asI04H0-000JI0Ye"HAas MO/IENb; O — 0aTOYHO-TBEPAOTENbHAS MOJIETIb;

Pucynok 7.1 — KoHeUHO-21€MEHTHBIE MOJEH TPOCA
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JUIst 3TOro MCHoJIb3yeTCAKYCOYHO-JIMHEWHAs Mojenb Mmarepuana. B Ls-
Dynasta mozxens umeer HomepMAT 024 .Matepuannpu 3HauYeHUH AePopMaliuii
0.005 mepexoaWT B IJIACTUYECKYHO CTQJWIO, a MOJIYJIb BBIOMpAETCS TaKuM
00pa3oM, 4TOOBI KECTKOCTh OblIa KaK MOXXHO OJIKE K JKECTKOCTH PEaIbHOTO
TpOCa, U B TO K€ BpeMsl, UTOObI MOJENIb HE Tepsiia CTA0MIBHOCTD (IIPU CIUIIKOM
MaJOM MOJYJIE 3JEMEHTBI TPOCAa MOTYT «IIEPEKPYTUTHCA», YTO JACT YUCIECHHYIO
omuoOKy).JlaHHyI0 MOJENb PEeKOMEHIYEeTCSd MPUMEHATh B CIIydasX HE CIOXKHBIX

KOHTAKTHBIX B3aNMOJICHCTBUM.

7.1.3 bamounast Mmojienb Tpoca

B Ls-Dynasta monens matepuana mnonydwia HaszBaHueMAT _166. Ilpu
WCITOJIb30BAaHUU MOJICTH CJIETyeT MMETh B BHUAY, YTO TPH 3aJaHUH IUIOTHOCTH
3a/[aeTCSsL MAcca eIMHHUIIBI ITHHBL TPOCA, 4 He UIOTHOCTH cTaiad B 7850 kr/m’. [l
ATOTO MOTOHHAs Macca Tpoca 1,22 Kr/m nenuTcs Ha (paKTUYeCKyIo TUIOMaab Tpoca
B 154,5 Mmm°. B oT0i Mozmenn MOJ1yJIb YIIPYTOCTH HCIIOJIb3YETCA HUCKIIFOUUTEIBHO
JUISL pacdeTra CKOPOCTH JBW)KCHHS BOJHBI AedopMaivivl MpH yaape Mo Tpocy,
MO3TOMY €r0 3HAYeHHE JOJHKHO OBITh MOHMKEHO BO CTOJBKO XK€ pa3, BO CKOJIBKO
MOHIKEHa  IUIOTHOCTh, 4YTOOBI ~ CKOPOCTh  COOTBETCTBOBaja  CKOPOCTHU
pacnpocTpaHeHHusi BOJH jaedopMalidii B peadbHOM Tpoce. JKecTkocTu Tpoca Ha
pacTspkeHWE M3TMO HW  KPyYeHHE B OTOH  MOJCIHM  OMPEICISIFOTCS
IKCIIEPUMEHTAJILHBIMU  KpUBBIMHU. JKECTKOCTh Ha W3ru0 oOmpenenseT Kpubas
3aBUCUMOCTH KPUBH3HBI Tpoca OT TPHUIOKEHHON0O K HEMy Ha KOHIIAX

MOMeHTa.PeKOMeH,}IyeTCH HCIIOJB30BAThL 3Ty MOJCJIb TPOCAa KaK OCHOBHYTIO.

7.1.4 bano4Ho-000J104e4YHast MOJIEIb TPOCca

banouno-o6oi0ueyHass Mozenb —COCTOMT M3 3X KOMIIOHEHTOB. I[lepBbiii
KOMITOHEHT — 3TO Oayika KPYTJIOro MOMEPEYHOro cedeHus nauamerpom 19 mm. B
ATON MOJENM TPEANoiaraeTcsi, YTo TPOC paboTaeT TOJIBKO B YNPYroi oOJacTu,

MO3TOMY €T0 MoJIeNupoBaHue ocyiecTisieTcs matepuaiom MAT _001.
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Crnenyer 3aMeTUTh, 9TO MOJICTh TIPEICTABIISACT CILIONIHYIO KPYTIyIO OanKy,
paboTaronnyio Ha U3rud ¢ KpydeHHEM, OJHAKO TPOC TakoW Oanmkoi He sBisercs. B
buU3MYEeCKUX XapaKTePUCTUKAX 3TO CKAKETCA Ha )KECTKOCTH Ha Kpy4YeHHE U U3THUO0.
[lepBast OyneT B HECKOIBKO pa3 0oJIbIIe YeM Y pealbHOro TPOca, MOATOMY, YTOObI
KOMIIEHCUPOBATh 3TO HEOOXOJMMO TMOHU3UTH 3HAYEHHE MOJYJISl YNPYroCTH Ha
30%. BTopoe oTinune — 3TO OTCYTCTBUE KECTKOCTU HA KPYUYEHHUE, YTO B KAKOU-TO
Mepe KOMIIEHCHUPYETCS TEepBBIM. BTOpoi KOMIIOHEHT — 9TO OOOJIOYKH
o0ecIeynBaoIIe CTa0UIbHOCTh KOHTAKTA U PEATIbHYIO KECTKOCTh B KOHTAKTE.

PexoMeHTyeTcs HMCHOJIB30BAaTh ATy MOJEIbh KaK OCHOBHYIO TMPU MaJbIX

PACYETHBIX MOIIHOCTSAX ISl YCKOPEHUS MIPOLECCA PACUETa.

7.1.5 CpaBHenue 3¢ hekTuBHOCTH pa3inyHbix KO Mozenel Tpoca

B Tabmune 7.1 mpuBeneHO CpaBHEHHME Pa3IMYHBIX MOJENEH TPOCOB IO
BPEMEHHU pacyeTa JUisl pa3sHbIX JUIMH W NOTPEUIHOCTH MEPEMENICHUH, TOJIy4eHHON
IpU CpaBHEHUU C OHKCIEpUMEHTOM. 3a | ObUIO B34TO BpeMsa pacyera cC
UCIIOJIb30BaHUEM 0aT0YHO-000JI04€YHOW MOJIENH IIPU JAJIMHE 31eMeHTa B 40 MM u
BenuurHe monenu B 301 snement. Bpems pacuera coctaBuio 50 cekyHn u ObLIO
npuHATO 3a l. PeKkoMeH0BaHHas UIMHA 3JIEMEHTA TPOca NPH MOJAEIMPOBAHUU
OTpaKICHMS HE JOJDKHA MpeBblaTh 20 MM, T.K. IPU OOJIBIIEH JJIMHE BO3PaCTaeT

MOTrpCIIHOCTDL BBEIYMCIICHUA.

Ta6nuna 7.1 CpaBHeHue Mojieniel Tpoca 1o BpeMEHHU pacyeTa

Pasmep anemeHTa MNepemeweHuna | lNorpewHoOCTb
Tun mopenu .
5mMmm 10 mm 20 Mmm | 40 mm MM nepemeleHnm
BanoyHasn 61,3 15,3 7,2 4,7 144 2,70%
banouHo - 6,3 2,3 1,2 1,0 117 20,95%
obonoveyHasn
BanoyHan (HuTb) 7,0 5,9 4,8 2,1 136 8,11%
banouHo - 242 | 63 5,4 3,7 134 9,46%
TBEpPAOTENbHaAA
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CBonmHas TabiuIila PacCMOTPEHHBIX MOJENEH, MCXOAS W3 HCIOIb3YEeMbIX
MaTepuasioB, THUIOB SJEMEHTOB U HEOOXOAUMBIX I[apaMeTPOB IpeACTaBlcHA

Bradnune’.2

Ta6numa 7.2. CBogHas Tabiuiia Mojeneit Tpoca

0 m M H3rubuas
a3Batue KoMmoneHTsl Marepuaiibl JIoTHazk, ORYIb, JKECTKOCTD
MOJIENIU MM ITla
, (H*m)
CrepxxHeBast Huckpernas 6anka MAT 071 154,84 155 0
(HUTD) (Tun 6) -
Jluckpernaz bamea | VAT 071 | 15484 155 0
(Tun 6) -
bamouno- v
TBEPJOTEIIbHAS Ilectn y3noBoi
TBEPJOTEIbHBIN MAT_024 255,27 155/0,02 104
anemeHT (Tun 15)
Onement benbruno-
Bbamounas Lllep (Ton 2) MAT_166 154,84 155 32
bamka Xpioca-Jly (Tum | \oat 001 | 25527 | 120 | 650,84
banouno- 1) -
o0oJjioueuHas Dnement benpano-
Lilep (Tum 2) MAT_009 0 0 0

7.2 Pacuetnas KO Mozens cToiiku B coope

7.2.1 PacueTHas MoOJieNib CTOMKH U THIIb3bI

Mogenb CTOWKM BKJIHOYAeT B ceOsl CIEAYIOUIMEe OCHOBHBIE KOMIIOHEHTHI:
CTOMKA, TPYHT, T'Wib3a. CTOWKM yCTAaHABIMBAIOTCA B THIIb3y, KOTOpas B CBOIO
ouepe/ib yCTaHABIMBAETCS JINOO B OCTOHHBIN (DyHIaMEHT, MO0 B TPYHT (PUCYHOK
7.3). TlomaTauBOCTh CHCTEMBl YCTAaHOBKH, OCOOCHHO TPH YCTaHOBKE B TPYHT,
ompenenser pabOTy CHCTeMbl W TpeOyeT OTaenbHOro paccMmoTpeHust [9].
PaccMmoTpenune BapuaHTa MPSMOTO 3a0MBaHWS CTOWKH B TPYHT HMEET BAXKHOE
3HAQYCHUS TaKXkKe W JUI pacyeTa OapbepHBIX METAUIMUYECKUX OTPaXICHUHU.
OcCHOBHBIC KapThl CEKIIMIA U MaTEPUATIOB CTOMKH MpuBeneHbI B [Ipmnoxenun A.2.

B mporecce paboThl CTOMKA HCHBITHIBACT 3HAYMUTEIbHBIC IUIACTHUYECKUE
nedopmarii BIUIOTh IO Pa3pylIeHUs, MOAITOMY B KadecTBe €€ marepuana ObLl
BbIOpaH matepuan moaenmun MAT 024 c 3amanuem auarpammbl aeOpMUPOBAHUS

cTanu 3, U3 KOTOPOM CTO#Ka cliesiaHa, U BO3MOXKHOCTBIO paspymienus[9 ].
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(2) (6) (B) (r)

a — CTOMKa; O — TPYHT; B — TWJIb3a; T — OOIIUI BU/I;

Pucynok 7.3— KD Mozaens cToMKH

['unb3a umeeT yciioBus pabOThl JOCTATOYHO OJNM3KHE K YCIOBHUSIM PaOOThI
CTOWKH, MOATOMY CIOCO0 €€ MOJEIUPOBAaHUS U MaTepuan OyayT aHaJIOTMYHBIMU.
B kauecTtBe wMmaTepmana CTOWKM peKOMeHAyeTcs wucmoib3oBath MAT 024

AHAJIOTUYHBIN CTOMKE.

7.2.2 Pacuetrnas KO Monens rpyHTa 1 6€TOHA

JIJist MoienmupoBaHus TPyHTA MPU MOJCIUPOBAHUU COYIapEHUN aBTOMOOMIIS
u orpaxaeHus BLS-Dynaucnonessytorcs tpu matepuana: MAT_005, MAT 147,
MAT 193. Paccmotpum kaxawlii u3 3Tux matepuanioB. MAT 147 cneuuanbHO
paspabatrbiBajics Ui MOJCIMPOBAHUS yIAapHBIX B3aWMOJACWUCTBHI TpyHTa H
JIOPOKHBIX KOHCTPYKIMI. OCHOBHBIM JIOCTOMHCTBOM MaTepHalia BJISIETCS TO, YTO,
HECMOTPS Ha HEJIMHEWHYI0 TIOCTAaHOBKY, TpeOyeMble MapaMeTpbl MOJAEIU
COBMAJAIOT C OCHOBHBIMHM TapamMeTpaMH MEXaHMYECKUX CBOMCTB T'pyHTOB (Yroi
BHYTPEHHETO TpPEHHUSI, YACIbHOE CUEIUIEHWE U T.lI.), U MO3TOMY MOTYT OBITh

HalJIeHbI B cipaBOoYHKUKaxX. HegocTtaTok 3To MOJENN 3aKI04aeTCs B TOM, YTO OHA
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ocTaeTcsi CTaOUIBLHOM TOJIBKO MpH HeOombLIMX AedopManusax (cozmaBanach s
YIJIOTHEHHBIX TPYHTOB).

MAT_193 — crangaptHas mojaens rpyHra pykepa-Ilparepa.OcHOBHBIM
JIOCTOMHCTBOM SIBJISIETCSI MPOCTOTa MOJEIH U JIETKOJAOCTYIHOCTh IapameTpoB,
OCHOBHOW HEIOCTAaTOK B TOM, YTO MOJIEJb BCETJla OCTAETCS JMHEHHON, T03TOMY
TpeOyeT akKypaTHOTO IPUMEHEHUS B CIIy4asix ¢ OONbIIUMHU JehopMaIusIMHu.

MAT_005 — w™ogenp TpyHTampeIHA3HAUYCHHAS IS MOJEIUPOBAHUS
oonpmx aedopmaruii. Mojenb peKOMEHIyeTCsl UCII0JIb30BaTh B CIydasiX, KOTJa
UMEIOTCSl CYIIECTBEHHBIC MEPEMEIICHUsI IEeMEHTOB TpyHTa. ClieqyeT OTMETHTb,
YTO MaTepuand MOAXOIUT JJIsl MOJEIHpPOBaHUS OETOHa, T.K. MO3BOJIAET 3a/1aBaTh
KpUBYIO 1€(OPMHUpPOBAHUS HAa CXKATHE W NPEIEIbHOE 3HAYEHHE HaIpPsDKEHUH Ha
pactsokeHue. OCHOBHOM TpoOieMOl NPUMEHEHWS 3TOr0 MaTepuana SBISETCS

CJIOKHOCTD IMOJYYCHHA SKCIICPUMCHTAJIBHBIX JTaHHBIX.

OcHoBHas I/IH(l)OpMaHI/IH 0 MOACJIX T'PYHTOB M CTOCK IIOKAd3aHa B Ta6J'II/III€

1.2

Taonuna 7.2. CBoaHasa TabaIUIa OCHOBHBIX KOMIIOHEHTOB CTOUKH

Hasanne
KomnoneHTbI Marepuasl Heo6xoauMele naHHbIe
JeTanu
K
Croiika n JeMeHT MaTepiziiﬂﬁfgflﬁ)iﬁzB;iﬂﬂ b
benpruno-1llep MAT_024 p ’ » MOALY.
THIIb3a - yIpyroctu, KO3 HUIueHT
(Tum 2)
ITyaccona
C noCTOSIHHBIMU Monaynb caBura 1 00beMHbIH
HaIpsHKEHUSIMHI MAT_005 MOJYJIb, KpUBasi TPEXOCHOTO
I'pynT 1 (Tum 1) CXKaTus, IUIOTHOCTh
OeTon OneMeHT
benpryno-Illep MAT_009 Monyne ynpyroctu
(Tun 2)

7.3 MonenupoBaHue TPAHCIIOPTHOTO CPEACTBA

7.3.1 lebopmupyemasi MOJIEIb
Coznanue nedopmupyeMoil mojenu tpaHcnopTtHoro cpencrsa (TC) mocrarouno
CJI0)KHO, TIO3TOMY PEKOMEHYETCSl MCIOJb30BaTh TOTOBBIE MOJETH aBTOMOOMJIS.
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TunoBeie wmomenn TC, ©HeoOXomumble IS TMPOBEACHUS CPaBHUTEIHHBIX
CUMYJISIIUOHHBIX KPAII-TECTOB OTPaXJCHUW MPHU BapbUPOBAHHM UX MApPaMETPOB
MOJKHO 3arpy3uTh 10 cieayroieit ccouike[10].

B stom apxuBe copepxarbest mojenu TC: aBromoOminb maccoit 900 Kr, Tpy30BUKU
Mmaccoit 10, 16, u 38 ToHH, a Takxke aBToOyc Maccoi 12 T.Pazpaborka KD3-monenu

TC nnsg HeCTaHAAPTHBIX CIyYaeB HE BXOAUT B JaHHBIN JOKYMEHT.

7.3.2 AOCOJIFOTHO KeCTKasi MOJIEIIF aBTOMOOMIIA

B cnyuasx, korjla OCHOBHBIM MHTEPECYIOIIUM HUCIEAOBATENSl MapaMeTpoOM
ABJISIETC ~ NPOTUO  TPOCOBOTO  OTpakACHUS, BO3MOXKHO  KCIOJIb30BAaHHE
TBEPJAOTEILHON Mojenu. [l co3maHus TBEPIOTEILHONW MOJEIH HEO0O0XO0IUMO
MOCTPOUTh TEOMETPUUECKYI0 MOJIeNIb KOHTYypa aBTOMOOWIS, KOTOPBIM OyAyT
COBEpIIIaTh Hae3J. 3aTeM Ha BHEIIHEWM IOBEPXHOCTH IIOCTPOUTH CETKY U3
000JI0YE€UHBIX 3JIEMEHTOB, U YK€ W3 HEe IOJIYYUTh TBEPJAOTEIbHYI0 Moaenb TC.
O00J104eYHYIO CETKY JIyYIlle OCTaBUTh, T.K. Uepe3 Hee yIO0O0HO 3a/laBaTh KOHTAKT.
Pa3BecoBKy 1O OCAM 3aJal0T C IMOMOIIBIO COCPEAOTOUYEHHBIX MAacC Ha YpPOBHE
IIEHTpa Macc peajdbHOro apTomMoOwisa. HeoOXxomumMo OTClEXUBaTh, UYTOOBI Y
MOJICTM HE OBUIO OCTPBIX YIJOB, T.K. B CiIydyae KOHTakKTa IO YIJIy 4YacTo
MPOMCXOJUT 3allel 3a OJWH M3 Y3JI0B. PEeKOMEHIyeTCsl MCMOJIb30BaTh JIAHHYIO

MOJCJIb B ClIydasaX OIIpPCACIICHUS npom6a OTpaXKaACHUA.

8. 3ajmaHue rpaHUYHBIX YCIOBUMT

[Ipy MoaenupoBaHWU  CTOJKHOBEHHUS aBTOMOOWJII M OrpaxkJACHUs
HCTIOJIB3YIOTCA CJIEAYIOIIME TPAHWYHBIE YCJIOBUSA: 3aJaHUE OTPAHUYCHUM Ha
MEPEMELICHHUS Y3JIOB, 3a/IaHUE HAYaJIbHBIX CKOPOCTEHN Y3JIOB, 3aJaHUE KOHTAKTHBIX
B3aUMOJICMCTBUM MEXIY DJIEMECHTAMH, 3aJaHUE YCWIMH TPABUTALMM, 3aIaHUE
HAYAJIbHBIX YCHJIMH B 3JIEMEHTAX.

3ajaHue TpaHUYHBIX YCIOBUM HA OrPAaHUYECHHUE MEPEMEILCHHI Y3JI0B IO

BCceM 6 cTemneHsM cBO0OoAbI ocyiecTrisieTcs: kaproit SPC. OCHOBHOE MpUMEHEHHE
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KapThl: OTPAHUYCHHUE MEPEMEILCHHS Y3JI0B, HEMOABUKHBIX OTHOCUTEIBLHO 3EMIIU.
PexoMeHTyeTCst MPUMEHSITh JUIs 33/1€JIKM BHEIIHEW rpaHuUIIbl TPYHTA UK OETOHA.
3ajaHue  HayaJbHBIX CKOPOCTEHM  y3JI0B  OCYUIECTBIIIETCS  KapTOu
INITIAL_VELOCITY mno3BossieT 3aaBaTh Ha4aJbHYIO YIJIOBYIO MW JTUHEHHYIO
CKOpocTh. PexomeHayercs MCHONb30BaTh ISl 33JJaHUs CKOPOCTH aBTOMOOWIIA B
HayaJbHbIi MOMEHT BPEMEHMU.

KoHTakT Hak/IaibIBaeT OrpaHUYCHUST HA MPOHUKHOBEHHE OJHON U3
MOBEPXHOCTEN B Jpyryr0. CylIecTBYET MHOXECTBO THIIOB KOHTAaKTOB, HO
HauOojiee IIMPOKOE PACHPOCTPAHEHUE TOJYYWJIM TPU TUMA KOHTAKTa:
automatic_single_surface contact, general _contact, general_interior_contact.

OCHOBHBIE OTJIMYHUSTIEPBOTO U BTOPOTO KOHTAKTOB COCTOST B CIoco0e
MIOMCKOB Y3JI0B WJIH B ONPEJICIICHUU KOHTAKTHOM KECTKOCTU.BTOpOM KOHTAKTUIIIET
KOHTAaKT Ha BCEW NJMHE SJEMEHTa, a HE TOJbKO B Yy3lax. PexoMeHmyercs
ucrob30Bath automatic_single_surface_contact Bo Bcex ciydasix KpoMe KOHTaKTa
C KpOMKaMM »JJIEMEHTOB M KOHTaKTaMM C OajlkamMu, B JTOMY Ciyyae
ucnois3yercsgeneral _contact. General_interior_contact— KOHTAaKT,
00ecreynBaMMi CTaOMIBHBIA U TOYHBIM KOHTAKT CO CBOOOJHBIMU KPOMKaMH 3a
cuet nobarienus NUlloiok Ha BHemIHe# rpaHu. PekoMeHayeTcs HCIONb30BaTh B
Clly4asiX, KOTJla BaXKHa TOYHOCTh Tepelayd yCWIhs Ha TpaHu OOOJIOYKH,
HaIpuMep, Npy B3aUMOJIECHCTBUU IPaHU 000JIOYKU CTOMKH (OTBEPCTUE B CTOMKE) C
TpocoMm. CrenyeT ydecThb, YTO KOHTAKT Ao0aBisieT mo 0.5 MM K rpaHH, TTOITOMY
HEOOXOJIMMO PEIaKTUPOBATh HauajdbHYIO reomeTputo. [Ipu KoHTakTe abCOIIOTHO
TBEPJABIX Tel MW  O000JIOYEK BO3MOXKHO  HCIIOJIb30BaTh THUI ~ KOHTAaKTa
node_to_surface. Kontakt TpeOyeT MeHbIIIe PeCypCOB, HO MPH 3TOM 00eCIIeYnBaeT
JIOCTATOYHYIO TOUHOCTD B CJIy4ae, €CJIu TBEPJ0€ TEJIO Pa3OUTO JOCTATOUHO MEJIKO.

PexomenmyeTcs mpu KOHTaKTe€ TEl Majlol KECTKOCTH (TPYHT) M00aBISTH
MOBEpPX HUX KOHTakTHbIe 00oyouku ¢ mpumeHenueM MAT 009 u 3amaBathb
KOHTAaKT MEXAY CO3JJaHHOW OOOJIOYKOM M TEJIOM,TaK KaK »ECTKOCTh KOHTaKTHOMU
MPYXKUHBI, T00aBIsIEMON K KOHTAKTUPYIOIIUM MOBEPXHOCTSAM, MPSIMO 3aBUCHUT OT

KCCTKOCTU KOHTAKTHUPYCMBIX TCJI, IIPXU KOHTAKTC IMOAATIMBBIX TEJI €€ KCCTKOCTb
29



O[M 218.6.016-2015

MOXET OBbITh Maja, YTO YacTO MNPUBOAUT K HEYCTOWYMBOCTH PEUICHUS U K
YpPE3MEPHOMY NMPOHUKHOBEHUIO OJHOTO Teja B Jipyroe. OO0I0UKY ¢ MPUMEHEHUEM
mozenu matepuaia MAT 009 nMmeroT ToIbKO KOHTAKTHYIO )K€CTKOCTb.

OCHOBHBIE PEKOMEHAIUH T10 UCIOJIL30BAHUIO KOHTAKTOB CIICTYIOIINE:

e [lpu KoHTaKkTe C OAJOYHBIMU DJIEMEHTAMU MO KPOMKE MM KPOMKa-KpOMKa
clIeyeT UCIOJIb30BaTh THI generalcontact wim generalinteriorcontact.

e HeoOxoammo, 4TOOBI TONIIMHA KOHTAKTa PaBHSJIACH TOJIIUHE PEATbHOTO
Tena.

e [lnoTHOCTH CETKM JOJKHA OBITH JIOCTATOYHA JUIsl TPABUIBHON paOOTHI
KOHTakTa. B koHTakTax Tmma Slave-maser, slave mmeer rycryio ceTky, a
master MoxeT uMeTh rpyoyto.

e Crnenyer uzberarb TONIMMH 000J0uek, MeHee 1 MM. B ciydae nHamuums
TaKOBBIX CJIEJTyeT MAacCIITA0UPOBATh UX TOJIIIUHY.

PexoMeHtyeTcs 3a1aHre B3aUMOJICUCTBUN Yepe3 KOHTAKT MEXIY CIETYIOIUMHU

AJIEMEHTAMH:

Ky3oB aBTOMOOUIIA U Tpoc. B ciiydae ecnu HET B3aUMOJEHCTBUN C TpaHSIMU
ucnojp3yiite  automatic_single surface contact, ecnm TakoBble KOHTAKThBI
UMEIOTCS, HEOOXOIMMO HCIOJIp30BaTh general_contact wimm 6anku u3 MAT_009.

KyzoB aBTOMOOWJIS u OCTJIbHBIC AJIIEMEHTHI OTPaXKEHUS.
HWcnonp3yercsautomatic_single_surface contact. Ilpu Hamuyuu  aOGCONIOTHO
JKECTKUX Tel ¢ OrPaHUYEHHOCTH PECYpCOB BO3MOXKHO  HCIOJIb30BaHUE
node_to_surface contact.

DJIEMEHTHI aBTOMOOMJIS Ipyr c IPYTOM.
PexoMenayetcsucnonap3oBaThautomatic_single surface contact.

3ananue rpaputanuu ocymectriasercs kaptoid INERTIAL _LOAD. OcHoBHBIM
napamMeTpoM SBJISIETCS YCKOpEHHWE CBOOOJHOTO TajeHusi. PekoMeHmyeTcs
WCIIOJIB30BaTh ATY KapTy MPHU JIFOOBIX pacueTax OrpakICHUM.

3amaHne HavaJbHBIX YCWJIMA B OQJIOYHBIX IJIEMEHTAX OCYIIECTBISETCS KapTOn
INITIAL_STRESS BEAM. 3anmanve 3Ha4YeHUsT MPOUCXOIUT dUYEpe3 3ajaHue

HaHp}I)KeHI/Iﬁ B BBI6paHHOM HaIrpaBJICHHWH, T.K. B TPOCE OT IIPECJ HATATa BOSHUKAIOT
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HOpMaJbHbIE HAMNpsHKEHUS, TO OMNpeAensionmM sBisercss mapamerp SIG11.
PekomeHnyeTcss UCHOJIB30BaTh 3Ty KapTy Uil 3aJaHus HalpsDKEHUH  OT

MNpCaABApPUTCIIBHOT'O HAT:ATA.

9. 3aganue KapT KOHTPOJIA

Kaptel koHTpONsS - 3TO HaOOp MapaMeTpoB, KOTOPHIE OMPENCISIIOT padboTy
TOM WJIM MHOM KapThl. B pacuerax orpaxaeHuil UCHOJIb3YIOTCA CIEAYIOIINE KApPThI
KOHTpoJis: contact, coupling, termination, timestep, hourglass, shell, energy.
PaccMoTpuM  OCHOBHBIE TapaMeTpbl, HEOOXOIUMBbIE s MOJAEIUPOBAHUS
orpaxzaeHui. PekoMeH1yeMble 3HaueHUs KapT JaHbl B IPUJIOKEHUU A.3.

Kapra xonTposa contactS omnpenensieT OCHOBHbIE MapaMeTpbl KOHTAKTHOTO

B3aumoeicTBus Tea (Pucynok 9.1).

1 SLSFAC RWPNAL ISLCHK SHLTHK PENOPT THKCHG ORIEN ENMASS
F |2 oI s o o 2
2 USRSTR USRFRC NSBCS INTERM XPENE SS5THK ECDT TIEDFRI

0 0 0 0 «| 2.0000000 |0 v||g v||g v|

Pucynok 9.1 — Kapra KOHTpOJISi KOHTaKTOB

OcHOBHBIMH HacTpamBaeMbiMu mapamerpamu sBisitorcs  ISLCHK  —
napamMeTp BKJIOYAaeT MOWUCK HAyalbHBIX [POHMKHOBEHUH B  CHUCTEME.
PekoMmeHiyeTcsl BKIIOUATh IMPOBEPKY, KOTIa €CTh U3HAYAIBHO KOHTAKTHUPYIOIIUE
NOBEPXHOCTU. 3HAYEHHE MapaMeTpa | o3HavaeT, 4To HayajdbHbIE IPOHUKHOBEHUS
He OyIyT ucKatbcs, a 2 uyTo mouck Oymer mpousBeaéH. [lapamerp SHLTHK
OTBEYAET 3a BKIIOYCHHE TOJNIIMHBI 000I0YeK B KOHTAKTHOE B3aMMOJICICTBHE, €CIIH
3amath 3HayeHue 0, TO TOJIIMHA HE paccMmaTpuBaeTcs, | — paccMaTpuBaeTcs
TOJIBKO y JedopMHUpyeMbIX Tel, 2 — pacCMaTpUBAeTCs Yy BCeX 00O0JOYEK.
Pexomennyemoe 3nauenue 2. PENOPT — meTon moacdera )KE€CTKOCTH B KOHTAKTe.
Pexomennyemoe 3HaueHue 1.

Crnenyromass kapra KoHTpoias — controlcoupling, kapra mo3BossieT
npeoOpa3oBbIBaTh  €IMHUIIBI  M3MEPEHUsT Mojaedu B JoOble  JIpyrue.

PexoMeHn0BaHHbIE 3HaUEHUS TOKa3aHbl HA pUCYHKE9.2.
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1 UNLENG UNTIME UNFORC TIMIDL ELIFX FLIFY FLIFZ SUBCYL
1.0000000 1.0000000 1.0000000 0.0 |0 v||(;| v||(;| - 1

Pucynox 9.2 — KapTa koHTpOJISI pasMepHOCTEH

OCHOBHBIMM TapaMETpaMH SIBJISIIOTCS: MaciiTad mpeaoOpa3oBaHUsl IJIUHbI
(UNLENG), macmtab Bpemern (UNTIME), macmtad cun (UNFORCE).

OCHOBHBIM Ha3HAUYCHUEM KapThl KOHTpOJsA controlenergy sisisercs
BBIUUCIICHUE PAa3JIMYHOTO poja »dHepruii: mnapasutHeix dHepruii (HGEN),
paccestHHOM SHEPrud npH TpeHHH 00 abcomoTHO kectkue Tema (RWEN),
SLNTEN — sneprus npyxun B koHTakte, RYLEN — sueprus, paccesHHas B

npoiiecce cueTa Mojeu o aehopmupyemsie Tena. (Pucynok9.3)

1 HGEN RWEN SLNTEN RYLEN
z S S S -

Pucynox 9.3 — KapTa koHTpOJIS SHEpTUH

Haunbonee BaxHBIMHM IPU pacueTe OrpaKICHUN SIBISIIOTCA MEPBBIA U TPETHIM
napameTpbl, XapaKTepU3yIIIHe TOTePU HDHEPTUU HA YHUCIEHHBIE OIIUOKU, HE
uMmerone (GU3NYeCKoro 3HadeHus. PexomeHyercs, 4ToObl KOHEUHOE 3HAUCHHE
napasuTHoOM H»Heprur He tnpeBblmano 10%, or oO0mied HSHEePruu CUCTEMBI.
KoneuHoe 3HaueHne SHEPrun MPYKUH B KOHTAKTE HE JOJIKHO ObITH Oosbiie 1-2%
OT OOILIEN SHEPTUH.

Cy1iecTByeT HECKOJBKO CIIOCOOOB KOHTPOJIS Mapa3uTHOU sHepruit. Bee ux
MOYKHO 3a1aTh ¢ momolisio kapThl controlhourglass. KouTponb mapa3suTHBIX
SHEpruii HeoOXOJMMO 3aJaBaTh JJIEMEHTaM, MWCIBITHIBAIOIIUM CABUTOBbBIC
Harpy3KH, HalpuMep, JIEMEHTaM KPbIIIKU WU CTOMKH.

1 HO OH
4 0.1000000

Pucynox 9.4 — KapTta KOHTpOJISI MTapa3uTHON SHEPTUU

32



O[IM 218.6.016-2015
Crnenyronie ABe KapThl ONPENEISIOT MapaMeTpbl Iara MO BpPEMEHHU.
PekoMeHayeTcs, 49TOOBI Imar 1m0 Bpemennm He npesbiman 10°,  6es

MaCIHTa6I/IpOBaHI/IH mrara 1mo BpEMCHHU.

1 DTINIT TS5FAC ISDO TSLIMT DT2MS LCTM™ ERODE M515T

b.o 0.3000000 0 0.0 -1.000e-006 0 H|0 v||o =

2 DT2MSE DT2MSLC IMSCL UNUSED UNUSED RMSCL

0.0 0 H 0 H 0 0 0.0

Pucynok 9.5 — Kaprta koHTpoJI apa3suTHON SHEPTHH

MacmrabupoBanue 1ara — npoueaypa U3MEHEHUs IJIOTHOCTH 3JIEMEHTa, 32
CYET YEr0 MEHSETCA CKOPOCTh MPOXOKICHUS BOJHBI BO3MYIICHHS, M KAk
CIIEICTBHE D3JIEMEHT HAyMHAET YJOBJIETBOPATH YyciaoBuro Kypanra. MuHyc
O3HAYaeT, YTO JAHHBIA LIAr O BPEMEHU OyJeT MPUMEHEH TOJIbKO B TOM CIyyae,
€CJIM KAaKOM-TO M3 DJIEMEHTOB HE YIOBIETBOpseT Kpureputro Kypanra i
aBTOMAaTHUYECKM paccuuTaHHOro mara. Crenyer OTMETUTh, YTO B IIPOIECCE
nedopmalii  3JIEMEHThl  M3MEHSIOT (popMy, U 3JIEMEHThl, H3HAYaJIbHO
yAOBIETBOpstOIAEe Kputeputo KypaHra, MOryT nepecratb €My YIOBIETBOPATD,

MOATOMY 3Ta OMNITUS KpalHe MoJie3Ha B cirydae O0IbIIHX AehopMaIiuii.

10 ITpuMep cozgaHust MOACITU OTPAKIACHUS

10.1 IMpumep co3gaHusi MOJETN OTPAXKIACHUS U CUMYJISIITMOHHOTO pacyera ¢
nedopmupyembim TC

Hwuxe mpuBeneH nmpumep MOAECTUPOBAHUS Hae3aaaeopMUPYyEeMO MOJAEIH
aBToOyca Ha 4-XTpOCOBO€ JOpPOXKHOE orpaxacHue. KapTel, ompenenstonme
MOJIEIM TpOCa, CTOCK M TPYHTA, a TAKXKE KapThl KOHTPOJS IJig 3TOW MOJENH
MpUBEICHBI B MpuiiokeHusax A.1,A.2,A.3.

K3 ™ogen» aBroOyca mnpuBeneHa Ha pucyHke 10.1. ABrobyc wumeer
CJIEIYIONTUE XapaKTepUCTUKH: macca — 12 T, amuHa 12,5 M, konecHas 6a3a 6,5 M,
rabapuTHas mupuHa 2,5 M.

Bce asnemenThl aBTOOyCa, BCTYNAOIIME B HEMOCPEICTBEHHBIM KOHTAKT C
orpaxnenueMm jaedopMupyembie  (OOmMMBKA, pamMa  Ky30Ba).  DJIEMEHTHI

KOHCTPYKIHUH, HEITOCPCACTBCHHO HE BCTYIAIOIIMEC B KOHTAKT ObLTH npeaCTaBJICHEI,
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peAIbHBIM.

Pucynox 10.1 — Baemrawmii Bua cetkun KO-monenn aBToOyca

(v

N CUMYJBIHMOHHOU

(V)

Monenb aBTOOyca SIBISIACH OJHON M3 KOMIIOHEHT OOIIe

Mojaenu Kkpami-tiporecca Haezga TC Ha orpaxnenme (pucyHok 10.2), xoTtopas

IIOMHUMO aBTo6yca BKJIIOYAJIa B ce0s TPOCHI

, CTOWKH, TWIIb3bl, TPYHT, 3E€MIIIO

LS-DYNA keyword deck by LS-PRE

(3amaBanack uepe3 kapty planar rigid wall).
Time =

4

>

K3 cumynsiuroHHOM MOJIeNn Hae3/aa aBTo0yca Ha
TPOCOBOE OTpaxkJACHUE

W BUJ

Buenmuii

Pucynox 10.2
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Jist  MonenwpoBaHUS —TpPOca  HKCIONIB30Bajach Oamo4HO-000710YeYHAS
Mojelb, onucaHHas B nyHKTe 7.1.4. CTOWKM M TWIBb3bl MOJACIMPOBAINCH W3
MAT_024 c ucnonb3oBaHueM 20T0 THUMa 3J€MEHTOB. [pyHT MopenupoBaics ¢
ucnonszoBanueM MAT_005. Konrtakt 3amaBancs Mexay: IIMHaMu aBToOyca U
HIOBEPXHOCTHIO Yepe3 automatic_single_surface_contact
B kpam-mMoznenu Hae3[ Ha OrpakIAEHUE OCYIIECTBIIIETCS CO CKOPOCTBIO 75
KkM/dac o yriom 20 Tpaj., 9TO COOTBETCTBYET YAEpKHUBAroOIIeH criocooHocTn Y4
¢ s"eprueit yaapa B300 k/[x. KonTtakr aBTOOyca M OTrpakKICHHUS MPOU3OIIEI
MeXIy 8 U 9 crolikamMu Ha pacCTOSSHUU 25 METpPOB OT KOHIA OrpaxjeHus. B
HaJayie B3aUMOJCHCTBUSA 9-as CTOWKA OTPaKICHUS MOAMsIIA MO ceOsl 2 HIDKHHIX
Tpoca, B pe3yjbTaTe 4YEero OHMU IMOYTH HE COBEPILIWIM TOJE3HONW pPabOThI IO
yAEPKAHUIO0, XOTS B OTOM CiIydae, YCHJIUS B OCTaJbHBIX TPOCAaX BO3PACTAIOT, H

pa60Ta YACPKAHUA YBCINIUBACTCA. OCHOBHBIC ATaITbl BBaPIMOI[eﬁCTBPISI aBT06yca

1 paboyvero yyacTka orpaxxJaeHus mpeacrapieHbl Ha pucyHkax 10.4 (a-B).

(6)
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a — HayaJIbHbINA, O — MPOMEKYTOUHBIHN, B — KOHEUHBII 3TaIlbl

Pucynox 10.4 — BzaumopeiicTBue aBTo0yca U OTpakICHUsI; CJIeBa — pacyer,
CIIpaBa - SKCIIEPUMEHT

Kak MOXHO BHAETh MOJENb JOCTaTOYHO TOYHO OIHCHIBAET MPOIIECC
B3aMMOJEHCTBHS aBTOOYCa U OTPAXKICHUSI, KOTOPBIA HAOII0JaeTCs IPU HATYPHBIX
ucnbiTanusx. Ha mepBom sTamne KOHTaKT aBTOOyca U OTPaKICHUS OCYIIECTBIISIECTCS
TOJIBKO NEpeJHEl 4acThi0 aBTOOYycCa, 3aTeM aBTOOYC MOBOPAUYMBAETCS U HAUMHAET
KOHTaKTUPOBATh Bcell OOKOBOM MOBEPXHOCTHIO, IPU 3TOM Yepe3 HEKOTOPOE BpeMsi
MPOUCXOJUT yJIap 3aJHEW YacThbiO, KOTOPHIM M BBI3bIBAET HAMOOJBIIHMI MPOTHO
orpaxnenus. U, HakoHel,orpaxaeHue BbiTakuBaeT aBToOyC (Pucynokl10.4 B).

KpuBas n3menenus mporuda orpakJieHusl B MpoIlecce TecTa MoKa3aHa Ha PUCYHKE

10.5.

25

I a \_,JA\
} P v\

oo \

I // \
I NE

0 0.2 0.4 0.6 0.8 1 1.2
Bpems, [c]

Pucynoxk 10.5 — J[unaMuyeckuii mporud TpOCOBOTO OTpakICHHUS

]

MNporu6 orpaxkaeHua, [m]
T

(=]
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B pesynbpTaTe MmoaenupoBaHus ObUT TONTy4YeH AUHAMUYECKui mporu6d 1,86 m,

a pabouas mupuHa coctaBuia 2,2 M. B pe3ynpraTe MonenupoBaHusi ObLI MOJIyYEH
2,05 M, a pabouas mmpuHa 2,8 M. [lorpemnocts nporuda cocraBuna 18,3%, a

MOTPEIIHOCTh ONpeiesieHus padoueit mmpuHsl 22,7%.

10.2 Ilpumep CUMYISIUMOHHOTO MOJEIMPOBAHUS  Kpall-TecTa IMpHU
UCITOJIb30BAaHUU TBEPAOTEIBHON MOJEIHN TPAHCIIOPTHOTO CPEICTBA

[ToMmuMO ONMCaHHOW BBIIE MOJEIU, HWXKE PACCMOTPEH MPUMEP
CUMYJISIIMOHHOTO MOJICTTMPOBAHUSI Kpalll-TeCTa MPHU JJIsl TPOCOBOTO OTPAXKICHUS C
MEPETUICTCHHBIMIA TPOCAMH M TBEPAOTEIBHOW MOJIenbio aBToOyca. M3BecTHO, 4TO
MEePETUIETEHUE TPOCOB YBEIMYHUBALT YACPKUBAIOIIYI0 CIOCOOHOCTh OTPAXKIACHUS U
YMEHBITIAET JUHAMUYECCKUN TIPOTHO 3a CUET YBEIMYCHHS TUIOMIAJN ITOBEPXHOCTEH

tperus. KD mMozaens camoro orpaxaeHus mokaszana Ha pucynke 10.6.

LS-DYNA keyword deck by LS-PRE
Time = 0

Pucynok 10.6 — Mopaenb orpaxaeHusi ¢ neperieTeHHBIMUA TPOCaMu

JInst yMeHbLIeHUs BpEMEHH pacdera aBTo0yC B 3TOM IpUMepe ObLIT 3aMeHEH
Ha TBEpJOTENbHBINA. Takoe nomyIieHre BO3MOXKHO BBHLY TOTO, UTO TEM CaMbIM MbI
CUMTAEM I10 HAUXYALIEMY CIIy4ato — aBTOOYC COBEPILIEHHO HE MOTJIONIAET YHEPTUIO
ylapa 1 yCIIOKHSIET YCIIOBUS pa0OThl KOHCTPYKIIHH.

OcHOBHBIE 3Tarbl pabOThl MOJEIH MPeACTaBlIcHb Ha pucyHkax 10.7 (a-B).
Ha nepBom aTane B3aumoneicTBus cpadotanu Bce 4 Tpoca. Takke MOKHO BUJETD,
YTO MEPEIJICTeHHE TPOCOB CYIIECTBEHHO YMEHBIIWIO JJIMHY pabodero ydacTka.

Ha BTOpOM 3Tame aBTOOYyC paBHOMEPHO CKOJIB3WI MO Tpocy. [Iporud ot mepBoro
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stama yaapa coctaBmwi 1,5 m. Hambonpmmii mporu® momydyuics 3a CYeT yaapa
3amHel 4YacThio aBTOOyca M coctaBui 2.76 M. Bo Bpems mocrnemHero srama

IIPOU30IICII HE3HAUYUTEIILHBIA HAKJIOH aBTo6yca.

LS-DYNA keyword deck by LS-PRE
Times 038

(6)

(B)

a — HA4aJIbHBIN, O — MPOMEXKYTOUYHBIHN, B — KOHEYHBII ITaIIbI

Pucynoxk 10.7 — B3aumopeiicTBus aBTOOyca 1 aBTOMOOMIIS
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Ha puc. 10.8 npencraBnen [uHaMUYECKH MPOTUO TPOCOBOTO OTpa)KICHUs

BO BpemeHH. Kak MOXXHO BHIETh MaKCHUMAJIbHBIH TpOoru® B Tpolecce ymapa

cocTaBwi 2.76 M.

._LS-DYNA keyword deck by LS-PRE

2.5

7

e

MepemeueHuns, [M]
-
3]

051 /

| |

0.4

0.6

Bpewms, [c]

0.8 1

Pucynox 10.8— JIlunamMmuueckuii mporud TPOCOBOTO OTPAKIACHUS

Ha pucynke

10.9 npencraBnex

rpaduk

3aBUCHUMOCTHU

BCJINYHNHEBI

MPOAOJILHOM CHJIBI IO BpeMEHU. MakcumanbHOE ycwine coctaBwio 16.1 T,

HAIIOMHUM, 9TO [2] MakCHMalIbHO JTOIYyCTUMOE 3HAYCHHE YCHIIHS pa3pbiBa TPOca —

18T.
0.3

0.25
c .
S 02
o
=) .
g
E 0415
| /
E -
B
B 04
=) . /

0.05 _/

U 1 | | |
0 02 04 06 08 1 1.2
Bpema, [c]
Pucynok 10.9 — [IpogonsHoe ycunue B Tpoce
Ha pucynxke 10.10 npeacrasnen rpaduk yCKOpEHHUH B IIEHTPE Macc
aBTOOYyCa.
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YckopeHus, [mic™2]
—\—62_,
=
e
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E [——
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7—(_\_\
e T
\\(g
=]
=1
Q?
—

0 0.2 0.4 0.6 0.8 1.2 14

Bpems, [¢]

Pucynox 10.10 — Yckopenus B 1ieHTe Macc aBTo0yca

Cpennue BeTMYMHBI HHEPIIMOHHBIX MEPErPy30K (MMITYJIHChI CAMBIX BBICOKHX
Meperpy3o0K JUIMTEIBHOCTHIO 50 MC):

mo ocu X — 0.92

mo ocu Y — 1.26

moocuZ— 041
[TokazaTenb nHIEKCA 0€30MTACHOCTH PABEH:

a,\? a, 2 a,\?
U= (:) + oy + (:) =0.17
a, Cly a,

410 yaoBierBopseT TpedoBanusm 'OCTa 52721-2007 r (M < 1).

10.3 IIpumep cozmanust MOZENN yAapa TENEKKON IO CTOMKE

Mopenb B3aUMOJEHCTBUSA CTOMKHU M yIAapHOM TENEKKH BKIIOYasia B ceOs 2
OCHOBHBIX KOMIIOHEHTAa — CTOMKY C Y4Y€TOM TIpyHTa U YAApHYIO TEIEXKKY.
MonenupoBaHue CTOMKH C TPYHTOM ObUIO MOAPOOHO OOBSICHEHO B pazaeie 6.

Mopnens Tenexku (pucyHok 10.11) Obi1a B3siTa M3 OTKPHITON OMOTMOTEKN MOIEIeH

NCACo ccpuike [11].

Ta6nuna 10.1 XapakTepUCTUKH TEJICKKHU CISAYIOITUE

XapakTepuCTUKH 3HaueHusl MapaMeTpoB
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ITonnas macca, Kr 1100
l'abGapuTHas niuHa, MM 4120
[NaGaputHas mmpuHa, MM 1680
Konecunas 6a3a, Mmm 2500

Pucynok 10.11 — KD Moaens Tenexku

Ha pucynke 10.12 nmoka3zad oJ1H U3 MOMEHTOB Hae3/1a TEJIEKKON Ha CTOUKY
OTPaXKJICHHUSI.

Pucynok 10.12 — Hae3x Tenexkoil Ha CTOMKY

Ha pucynke 10.13 moka3zaH rpapuk 3aBUCUMOCTH YCWJIHS OT BpPEMEHH,
BO3HUKAIOIIEM MPU KOHTAKTE TEIEKKHU CO CTOMKOM.
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LS-DYNA keyword deck by LS-PrePost

20

\

Yecunue, KH
T

10

\

M

My
\

20

30

Bpems, mc

40

Pucynok 10.13 — 3aBucuMoCTb yCHJIHS HA yIAPHHUKE OT BpEeMEHH
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Ipunoxenune A

OcHoBHBIE KapThl B KoJe Ls-Dyna, ucnojib3yemblie Npu MoAeIMPOBAHUMN
TPOCOBBIX OTPaKIEHU

Ipuioxkenue A.1

KapTspl cekumnii 1 MaTepuajoB MojJeje Tpoca
$$$$ EquHUIIBI U3MEPEHUS: T, MM, C
$
$$$$ IMnoTHOCTL MaTepHanaTpoca
$ [InoTHOCTH MaTepuasia OblIa MOJTyYeHA B PE3yJIbTaTe JIJA0OPATOPHBIX
$ ucneiTanuiiu cocrasisier 4.743e-9 T/ MM\3 HA MM JUIMHBI,
$
$$$$ Monynp ympyroctu Tpoca
$ Pexomenayempic 3HaucHMs Moy yrpyroctu E=1.55e+5 MIla;
$
$$$$ Jlmamerp Tpoca
$ JleiicTBHUTENbHAS TUIOMIAAb TPOCA U KOHTAKTHAS ILIOMIAIb TPOCa
$ Tuametp 19 mm 3X7 Tpocaro 3 MM KaXablil TPOC ---> peasibHas ILIOMaab Tpoca
$ A = 154.84 mm2; KonraktHas miomiaas 19 mm tpoca ---> 283.39
$
$ lemnduposanue Tpoca
$$ Kosddunuent nemnduposanust paser 0.12 mis gactot ot 4 10 40 Hz
$ YMeHblienue ammmuty bl kosebanuiicocranser 0.02
$
*DAMPING_FREQUENCY_RANGE
$ cdamp flow fhigh psid

0.12 0.00400 0.0400 20009
$

*DAMPING_PART_STIFFNESS
$ pidcoef
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20009 0.020
$

EEERARIIAARAARR R ARIARAAAR RN

$$$$$$ CrpexneBas Mozenb Tpoca

EERUERURRRRRRARRRRRRARARARANAAA AN

$$ Kapramarepuanarpoca

*MAT_CABLE_DISCRETE_BEAM

$

$ mid ro e lcid Fo

1 4.743e-09 126.e+9

$$Kapracekuuurpoca

*SECTION_BEAM

$ sid elform

1 6

$

$ wvol iner cid ca offset rrcon srcon trcon

154.84 20e+3

$

BB AR AR AR

$$$$$$ banounas Moaens Tpoca

$PFFSSSSETTEIFFFSSSSSEEEEIIFFSSSSSSEEES

$

$$ Kapra marepuanarpoca

*MAT_MOMENT_CURVATURE_BEAM TITLE

[166] MAT MOMENT CURVATURE_BEAM 1

$!' MID RO E ELAF EPFLG CTA CTB CTT
13 4.31E-9 72882.305 3 0.0 1. 0.0 0.0

$ N1 N2 N3 N4 N5 N6 N7 N8

0.0 10000. 0.0 0.0 0.0 0.0 0.0 0.0
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$! LCMS1 LCMS2 LCMS3 LCMS4 LCMS5 LCMS6 LCMS7
LCMS8

4 4 4 4 4 4 4 4

$! LCMT1 LCMT2 LCMT3 LCMT4 LCMT5 LCMT6 LCMTY
LCMTS8

4 4 4 4 4 4 4 4
$ LCT1 LCT2 LCT3 LCT4 LCT5 LCT6 LCT7 LCT8
3) 3) S) 3) 3) 3) 3) 5

$¢ CFA CFB CFT HRULE REPS RBETA RCAPAY
RCAPAZ

0970 10 10 00 0.00215 1.0e+20 1.0e+20  1.0e+20
$

$$ KpuBast 3aBHCUMOCTH CHIIBI B TPOCE OT MEPEMEIIICHHS

$

*DEFINE_CURVE_TITLE

DEFINE_CURVE_1

$! LCID SIDR SFA SFO OFFA OFFO DATTYP

3 0 1. 1000. 0.0 00 0

$! Abcissa Ordinate
0.0 0.0
0.006444 104.86703
0.009222 126.60401

0.015949 156.68427
0.021998 169.21028

0.025965 175.82259
0.039924 189.27415
0.047103 192.60257
0.061907 196.86096

0.093021 201.43974
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0.096687 201.60001

$

$3$$$ KpriBast 3aBUCHMOCTH U3rHOAIOMIET0 MOMEHTA OT KPHBU3HBI
*DEFINE_CURVE_TITLE

DEFINE_CURVE 2

$! LCID SIDR SFA  SFO OFFA OFFO DATTYP
4 0 1. 1000. 0.0 0.0 0

$! AbcissaOrdinate
0.0 0.0
0.0003 9.8
0.00175 30.
0.005 58.
0.0095 80.
$

$ KpuBast 3aBUCMOCTH KPYTSIIIET0 MOMEHTA OT yIJia TIOBOPOTa

$

*DEFINE_CURVE_TITLE

DEFINE_CURVE_3

$! LCID SIDR SFA SFO OFFA OFFO DATTYP
5 0 1. 1000. 0.0 0.0 0

$! Abcissa Ordinate
0.0 0.0
0.001 0.166865
0.005 0.33373
$

$PPFSSSSEEETIFFFSSSSTTETIISSSSSSESS
$3$$$$ banmouno-TBEpAOTENLHAS MOJETD TPOCA

SRR AR AR AR N AR NN
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$

$$ BasnouHas cekuus UACHTUYHA IEPBOMY BapHaHTY TpOca
$
$$ Monenb Marepuana TBEpAOTEIbHBIX JIEMEHTOB
*MAT_PIECEWISE_LINEAR_PLASTICITY
$
$ mid ro e pr sigy etan eppf tdel
92 4.743E-09 1.26E+5 0.28 1.0E+3
$
$ C p lcss  lcsr vp
$
$$ Kpuast neopMupoBaHus TBEPIOTEIBHBIX JIEMEHTOB
$ Plasticstress/straincurve
0.0000 0.5000 1.0000
0.0100 0.0200 0.9400
$
BB AR AR AR
$3$$$$ banouno-000109€UHAIMOAENILTPOCA
B AR AR
$
$$ Marepuan o600un Tpoca
*MAT_NULL_TITLE
Null_cable_mat
$! MID RO PC MU TEROD CEROD YM
3 78E9 00 00 00 00 00 00
$
$$CekuusdankuTpoca
*SECTION_BEAM_TITLE
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cable_beam

$! SECID ELFORM SHRF QR/IRID CST SCOOR NSM
5 1 1. 2. 1. 0.0 0.0

$ TS1 TS2 TT1 TT2 NSLOC NTLOC

19. 19. 00 00 00 00

$$ Marepuan Ganku Tpoca

*MAT_ELASTIC TITLE

Calbe_mat

$!' MID RO E PR DA DB
4 475E-9 100000. 0.27 0.0 0.0

$Marepuano6onoukuTpOCa

*SECTION_SHELL_TITLE

Cable_shell

$! SECID ELFORM  SHRF NIP  PROPT QR ICOMP SETYP
4 2 1. 2 1. 0.0 0 1

$ T1 T2 T3 T4 NLOC MAREA IDOF EDGSET

1. 1. 1. 1. 0.0 0.0 0.0 0.0
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IIpuioxkenue A.2
KapTpl cexnmii 1 MATepHAIOB CTOEK U TPYHTA

EERUERRRRRRRRRARRRRARRRRRRNRNNNNNNNNNNNNS
$$$$$$ Mozens croliku
ERARREERARRIENAAIIR AR AR AR
$ Marepui croiiku
$ Croiika usrotoniena u3 marepuana Ct3. Bce xapakTepucTHKH 3a/aHbI B
$ coorBercTBum ¢ 'OCT Ha 3TOT MaTepHal.
$ Paspyirenre marepuana 3a1aHo npu aedopmarusax paBabix 0,24
*MAT_PIECEWISE_LINEAR_PLASTICITY_TITLE
Steel 3
$! MID RO E PR SIGY ETAN FAIL TDEL

1 7.85E-9 200000. 0.3 203. 0.0 024 0.0
$1 C P LCSS LCSR VP
00 0.0 1 0 0
$
$$ Kpusas nepopmuposanus Cramnu 3
*DEFINE_CURVE_TITLE
Steel 3 Curve
$! LCID SIDR SFA SFO OFFA OFFO DATTYP

1 0 1. 1. 00 00 0

$! Abcissa Ordinate
0.0 203.
0.00317 222.
0.00679 235.
0.01537 255.
0.028935 274,

0.057394 301.
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0.1013 327.
0.14718 347.
0.229176 373.
$
$PCekumsacToku
$
*SECTION_SHELL_TITLE
Post

$! SECID ELFORM  SHRF NIP  PROPT QR ICOMP SETYP
1 2 1. 4 1. 0.0 0 1

$ T1 T2 T3 T4 NLOC MAREA IDOF EDGSET

3. 3. 3. 3. 00 00 00 00

$

$$ Marepuansl rpyHTOB

$ Monyns ymiotaerHoro rpyntak=85; G=48.2

*MAT_FHWA_SOIL_TITLE

Soil

$!' mid ro nplot spgrav rhowat vn gammar intrmx
1 2.3500E-9 3 2.790000 1.0000E-9 1.100000 0.000 10

$! k g phimax ahyp coh eccen an et

80.500000 48.299999 1.100000 1.0000E-4 6.2000E-3 0.700000 0.000 0.000

$!' mcont pwdl pwksk pwd2 phires dint vdfm damlev

3.4000E-2 0.000 0.000 0.000 0.0002.5000E-3 5.000000 1.000000

$! epsmax

1.000000

$

$ Martepuai rpyHTa ¢ 60Jb10# cTenenbio AedopmannunK=185, G=49.5

$
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*MAT_SOIL_AND_FOAM_TITLE

Soil
$!'  mid ro g bulk a0 al a2 pc
2 2.2000E-9 49.500000 185.00000 1.2010E-2  0.000 0.000 -0.172390
$! wver  ref cid
0.000 0.000 0
$ epsl eps2 eps3 eps4d epss eps6 eps7  eps8
0.000 1.0000E-2 1.6000E-2 2.0000E-2 3.0000E-2 0.300000 0.000 0.000
$ eps9 epsl0
0.000 0.000
$! pl p2 p3 p4 p5 pé p7 p8
0.000 0.958000 1.875000 2.565000 4.398000 5.398000 0.000 0.000
$! p9 plo
0.000 0.000
*END
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ITPUJIOXKEHHUE A.3
$$$$ KapThl KOHTpOJIS
$
$$Kapra KOHTPOJIS PacIPOCTPAHEHHs BOJIH B MaTepHale
$

*CONTROL_BULK_VISCOSITY
$§ Q1 Q2 TYPE

$# ql q2 typebtype
2.000000 0.100000 -1 0
$

$$Kapra KOHTpOIIS KOHTAKTA

$

*CONTROL_CONTACT

$! SLSFAC RWPNAL ISLCHK SHLTHK PENOPT THKCHG
ORIEN ENMASS

$# slsfac rwpnal islchk shithk penopt thkchg orien enmass
0.000 0.000 2 2 1 1 1 0

$! USRSTR USRFRC NSBCS INTERM XPENE SSTHK ECDT
TIEDPRJ

$# usrstr usrfrc  nsbcs interm  xpene ssthk  ecdt tiedprj
0 0 0 0 4.000000 0 0 0
$! SFRIC DFRIC EDC VFC TH TH_SF PEN_SF
$# sfric dfric edc  vfc th th_sf pen_sf
0.000 0.000 0.000 0.000 0.000 0.000 0.000

$!'IGNORE1 FRCENG SKIPRWG OUTSEG SPOTSTP SPOTDEL
SPOTHIN

$# ignore frceng skiprwg outseg spotstp spotdel spothin
0 0 0 0 0 0 0.000

$! ISYM NSEROD RWGAPS RWGDTH RWKSF ICOV
SWRADF ITHOFF
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$# isym nserod rwgaps rwgdth rwksf icov swradf ithoff

0 0 1 0.000 1.000000 0 0.000 0
$! SHLEDG
$# shledg pstiff ithcnt tdcnof ftall unused shitrw
0 0 0 0 0 0.000
$
$$Kapra KOHTPOJISI pacipocTpaHeH s BOJIH B MaTepHae
$
*CONTROL_COUPLING

$! UNLENG UNTIME UNFORC TIMIDL FLIPX FLIPY
SUBCYL

$# unleng untime unforc timidl flipx flipy flipz subcyl
1.000000 1.000000 1.000000 0.000 0 0 0 1
$

$$Kapra KOHTpOIIS SHEPIUK

$

*CONTROL_ENERGY

$! HGEN RWEN SLNTEN RYLEN

$# hgenrwensintenrylen

2 2 2 2

$
$$KapTa KOHTPOJIS Mapa3UTHBIX SHEPTUI
$
*CONTROL_HOURGLASS
$!'  IHQQH
$# ihqgh
4 0.100000
$

$$KoHTpoIH BHIBOIA HHPOPMALTUH
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$
*CONTROL_OUTPUT

$! NPOPT NEECHO NREFUP IACCOP OPIFS IPNINT IKEDIT
IFLUSH

$# npopt neecho nrefup iaccop opifs ipnint ikedit iflush
1 3 0 0 0.000 0 100 5000

$! IPRTF IERODE TET10 MSGMAX IPCURV

$# iprtf ierode tetl0 msgmax ipcurv  gmdt ipldblt eocs

0 0 2 50 0 0.000 0 0

$

$SKOHTPOIBL 000I0YEUHBIX SJIEMEHTOB

$
*CONTROL_SHELL

$! WRPANG ESORT IRNXX ISTUPD THEORY BWC MITER
PROJ

$# wrpang esort irnxx istupd theory  bwc miter  proj
20.000000 1 -1 0 2 2 1 0

$!ROTASCL INTGRD LAMSHT CSTYP6 TSHELL NFAIL1
NFAIL4 PSNFAIL

$# rotascl intgrd lamsht cstyp6 tshell

1.000000 0 0 1 0 0 0 0
$! PSSTUPD IRQUAD

$# psstupd sidt4tu  cntco itsflg irquad

0 0 0 0 2

$

$$Kapra KOHTPOJISI BpEMEHU BBIUUCIICHHS

$
*CONTROL_TERMINATION
$! ENDTIM ENDCYC DTMIN ENDENG ENDMAS
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$# endtim endcyc dtmin endeng endmas
1.500000 0 0.000 0.000 0.000

$

$$Kapra KOHTpOJIS 11ara 1o BpEMEHH

$

*CONTROL_TIMESTEP

$! DTINIT TSSFAC ISDO TSLIMT DT2MS LCTM ERODE
MSIST

$# dtinit tssfac  isdo tslimt dt2ms Ictm erode mslst
0.000 0.900000 0 0.000 -5.000E-7 0 0 0

$! DT2MSF DT2MSLC IMSCL

$# dt2msf dt2mslc  imscl unused unused rmscl

0.000 0 0 0.000
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OKC: -93.080.00

KiroueBrble cioBa:nopora, 0€30MacHOCTh, JOPOKHOE OTrpaXIAeHUE, METO]
KoHeuHbIX 37eMmeHToB (MKD), KD snement, KO Monenb, TpocoBoe IOPOKHOE
orpakJieHue, MporpaMMHbIA KoMmiuieke, Ls-Dyna, ucnbitaHusi, Kpali-npoieccsl,

sHEpromnorioueHue, TpancnoptHoe cpeacTo (TC), HaTypHbIE UCTIBITAHUS

PykoBoauTtens opranuzaiuu-pa3padoTarKa
OI'BOY BIIO «MoCKOBCKHIT aBTOMOOMIBHO-T0POKHBIN

rocyJ1apCTBeHHbIN TexHuyeckut yuusepcutet (MAJIN)»

[IpopexTop o HayuyHOU padboTe A.M. lBanos
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