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MNOBBIINEHUE IMMPON3BOJAUTEJIBHOCTHA 3D MOAEJINPOBAHUS HECTAIITMOHAPHBIX ITPOIIECCOB
PE3AHMSI METOAOM KOHEYHBIX JIEMEHTOB ITYTEM BbIBOPA PALIMOHAJIBHBIX ITAPAMETPOB
PEINATEJIA

Some investigations on productivity and accuracy of explicit finite element simulations of no steady-state machining operations are represented in this
article. Element formulation, hourglass method, contact algorithm, explicit integration time step and their parameters are discussed. The recommendations for
increasing of analysis productivity are proposed.

Ha coBpemeHHOM 3Tarme pa3sBHTHS HayKd O pe3aHUM MarepuanoB 3D mopmenmmpoBaHHEe METOIOM KOHEYHBIX 3JIEMEHTOB
SIBIISICTCS BXHBIM HHCTPYMEHTOM HMCCIEHIOBAHUS IPOIECCOB pe3aHus. [IporpaMMHBIM MOIynb, Ha3BIBAEMBIM pEIIaTeseM,
KOTOPBIH BBIIOJHSET MHTETPHUPOBAHUE YPAaBHEHHWH IBIDKCHHS W TEIUIONPOBOAHOCTH, PEIIEHHE KOHTAKTHBIX 3aJad M Jpyrue
JIECTBUS IO pacdeTy MOJENH, OCHOBaH Ha ajJrOpHUTMax, KOTOpHIE MMEIOT PsJ MapaMeTpoB, 0OECIIEUNBAIONMX adaNTaIHIO
STHX aJTOPUTMOB IT0JI KOHKPETHBIE YCIOBHS pemaeMoi 3ajauu. [lapaMeTpbl pemarens BIMSIOT Ha MPOW3BOIAMTEIHFHOCTH
BBIYMCIIEHUH W OIMOKY ITPOrHO3WPOBAHMS TOKa3aTelel mporecca pesanus. Hanbosiee cIOKHBIMH ¢ TOYKH 3PEHHsI BBIOOpa
napaMeTpOB pelaTeNs SIBISIOTCS HECTAlOHAPHbIE MPOILECcCH pe3anus (3y00o0paboTka, (pe3epoBaHie, TaHTCHIUATIHHOE
TOYCHHE W T.IL.), & TAK)KE MEPEXO/IHBIEC ITAIBI KBA3HCTAIMOHAPHBIX MIPOIIECCOB — BPE3aHUs U BBIXOa MHCTpyMeHTa. [loatomy
yenvlo Hacmosauell pabomepl SIBISIETCS pa3padOTKa peKOMEHAAINI 110 BBIOOPY IMapaMeTpoB pemareneif, paboTalommx METOI0M
SIBHOTO WHTETPUPOBAHMSI YPaBHEHUH JIBIKCHHS, KOTOPBIE IIPH MPOYMX PABHBIX YCIOBUSAX obecneunBaioT 3D MonenmpoBanue
HECTAlMOHAPHBIX IPOLECCOB Pe3aHusi ¢ HanOONbIIEeH MPON3BOANTEILHOCTRIO W MPHUEMIIEMON OIMMOKON MPOTHO3WPOBAHUS
CHUJIBI pe3aHusI U OPMBI CTPYKKH.

PaccMoTpuM mepexomHOi mponecc Bpe3aHHs C MEPEeMEHHOH TONIMHOW cpes3a, KOTOPbIH CBOHCTBEHEH OOJBIIMHCTBY
pabounx mpomeccoB pe3anus. PacueTHas cxema mpencrasneHa B Tabmuie 1. [ ompeneneHHOCTH yroi pe3ylbTHPYIOIIETro
JBIKeHNs pe3anus BbiOpaH 0,18°, 4TO COOTBETCTBYeT ymIIy pe3ylbTHPYIOIIETO ABM)KEHHS pPe3aHus], HAallpUMEp, Y BEPIIMHBI
ceepna auamerpom 10 mm, paboratomero ¢ momadeit 0.10 mm/06. MccmenoBaHusi MpOBOAWINCH B AHMANa30HE CKOPOCTEH
pe3anns ot 50 1o 5000 m/mMuH.

Tabmuma 1 — CBogHas TabnUIla HCXOOHBIX JAHHBIX MOJICIH MPSIMOYTOJIBHOTO CBOOOIHOTO PEe3aHMs ¢ HEIPEPHIBHO
YBEJIMYUBAIOLICHCS TONILMHON cpe3a

Mpouece MpamoyronsHoe PACYETHAS CXEMA
cB0OOAHOE pe3anue
Pa3smepHocTb Mogenu 3D
I'eoMeTpUYECKUE NapamMeTpbl 3ar0TOBKM
L3, MM Bs, MM Hz,MM
12,3 0,16 0,15
I'eoMeTpUYECkue napameTpbl MHCTPYMEHTa
HasBaHue MHCTpyMeHTa | TNessue
Lu, MM Hu, M| Bu(d),MM g, °| a,°| r,mm hz, Mm
1,25 15 15 10 10 0,00 0

KoHeYHo-anemeHTHas ceTka

Tun | Kon-o| Kon-o|  Xap. Onar iha/
KO | ysnos| an-ToB| pa3mep| paBHOM. gh

WX.Mn,ur.mn, 31,3H,36, 3T,

M | Solidl 17587| 15414 35MkM | paBHOM. - JONYWEHKA BK, BO, TXX, OB, [IP.IM.AY,ME.130

3 | Solidl 16650] 22260 16mkm | pasHom.| 5/0,01

Mogenwu matepuanos

WHcmpymerm 3azomoska
Mapka oCcHOB. MaTepuana BK8 Mapka maTepuana | Cranb 45

Homep E, ap-108] 120 Cw, o~ Homep s E, r0, Cw, l,
sb | TRAl rma| ™| wec | | Bxdeeoc) BTN en | MBl rd ™| o Bxieeoc) Briwoc)
BK8 | 87.5| 620| 0.3 35 | 144000 1530 54,4 Ct.45-1) 199 205 0,29 7826  642,0 40,2
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MeTon E, r20, Cwm, I, Rqg. y y
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B nmannoit pabore monens p}i_?uecca pe3anmst peanmm3oBana B nporpamme LS-DYNA, kortopas sBisiercss XapakTepHBIM
TIpeJICTaBUTEIIEM SIBHBIX peraresield. HecMoTps Ha To, 4TO Ha3BaHUs TapaMETPOB B APYTHX PELIATEIISX MO
npusATel B LS-DYNA, Tonydennsie pesyn

IBfr OTJIMYATHCS OT TEX, YTO

BTaThl U EaBR{;lfOTaHHLIe pexomenpanuu st pemarensi LS-DYNA meroponornaeckn
MOTYT OBITh MCIOJB30BAHbBI M YISl IPYTUX PeIlaTeNied. AHaIU3 JIMTEPaTyphl ﬁn Tpe/IBApUTENbHBIE PACcYEThl MOKAa3IN, YTO HPH
33J]aHHOM KOHEYHO-DJIEMEHTHOW CETKE 3arOTOBKM M HMHCTPYMEHTa HauOoJee CYIIECTBEHHO BIMSIOT CIIC,

1 IyIoIe 7 (DaKTOPOB;
ATOPUTM TIOZARICHUs Oe3dHepreTyeckux (opm nedopmaiu ihg m ero mapamerp Qm, Tum aaemenrta elform, KOHTaKTHBIA
anropuT™ SOft W BenmMuMHA KOHTAaKTHOM >kectkocth Sclfac, Tommmua BuptyaneHoro mokperrus d (Sldthk), koaddwumment
YBEJMYEHHMS 1Iara HHTerpupoBanus (yckopenus Beauciennid) Kpt = Dt/Dty.

Jis peleHus THHAMHYESCKHX 3224 HauOoJIplee IPUMEHEHHE HaITH

8-mu Y3JI0BBIC KOHCYHBIC 3J'ICM€HTI>I—6PYCKI/I. W3BecTHBI JABC peajin3aniu 3TUX 3JICMCHTOB. Onementsl THHa 1 mmeror 1
KBaJIpaTypHYIO TOY B IICHTPEC Macce, Tpe6y10T MaJIO BbIMUCIIUTCIIBHBIX PECYPCOB U O6JIaI[aIOT MMOBBINICHHOK YCTOﬁQHBOCTBm K
HCKaXXCHHIO CBOCH OpMbIL. UOHAKO 3JICMCHTHI TUIIA 1 CaAMOITPOU3BOJIbHO UCKAXKAKOTCA B HAIIPABICHUAX, MEPIICHAUKYIAPHBIX
HeﬁCTBHIO BHCIIHUX CHJI IIpU MOACIHPOBAHUU OOJBLIMX IHJIACTHYECCKHX He(l)OpMaHI/II/I BCJICACTBUC BO3HHMKHOBCHUS
6633HepF€TI/I‘ICCKI/IX (bOpM HegOpMaHI/II/I. JisI UX MOAABJICHUSA UCIOJB3YHOT PA3JINYHBIC AJITOPUTMEIL. Ananms PE3YJIAbTAaToOB

IMPOBCACHHBIX I/ICCJ'IC,HOBaHI/Iﬁ BJIMSHUSA aJITOPUTMa MOHABICHUSA 6C3SH€pFCTquCKI/IX (1)0pM I[G(l)OpMaIII/Iﬁ IIOKa3aja, 4TO
aJITOPpUTM dnanarad-belnbrdKko ¢ TOYHBIM HUHTCTPUPOBAHUEM 110 06’I>CMy B

- v aneMJ ep=2,5 ||

OPMYJIMPOBKE YBCIUYCHUA KECTKOCTU HACT
%H%HI/ITGJ}ILHO Ooiee cTabUILHOE peHICHUEC, YCM TOT KC aJITOPUTM B BA3KOCTHOU q)OpMyJ'II/IpOBKe JaXKE IMPU CKOPOCTHU PE3aHUA

000 wm/muH. HOBTOMy U1 MPAKTUYCCKU  BCECX MO,HCHCﬁ pe3aHus  CJICAYCT PCKOMCHJAOBATH AJITOPUTM TIOAABIICHUS

Oe3aneprernyeckux Gpopm aedopmanuii B popMyaupoBke yBenudeHus xkectkoctu (ihg=5).
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Puc. 1 — O6nacth 1ONyCTHMBIX 3HAYEHUI
napameTpa gm

Puc. 2 — BinsiHue napamerpa m Ha BpeMst
cyera t
CyIecTBEeHHOE BIMSHUC OKA3bIBACT MapaMeTp alropuTMa (m. C ero yBelIWYCHHEM BO3pacTaeT OTHOCHUTEIbHAS YHEPTH

6e3sHepreruyeckux Gopm aedopmanuu. CornacHo pekomenganusam [| “as me nomxno npesbmmats 10%.
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Puc. 3 — Binsinue nmapamerpa (M Ha MPOTHO3 CHIIBI pe3aHus U GopMy CTpglchH

yCTaHOBHCHO, npeaAcIbHOC 3HAYCHUC qm, 06€CH€‘H/IBaIOHI€€ 9TO YCJIOBUC, U3MCHACTCA C U3BMCHCHHUEM CKOPOCTH PEC3aHUA.

st ynoGeTBa ero onpezeneHust nocrpoera auarpamma (puc. 1). C yBenudeHuneM O yBeIHUUBaeTCs xecTkocTh KD, mosromy
YBCIMYUBACTCA CUJIA PE3aHUA U YMCHBIIACTCA BPpEMS CUHCTA. VYBenmnuenue qm a0 10% YBCJIMYUBACT CUITY PE3aHU IIPUMCPHO Ha
20% , HO W Ha CTOJBKO XXE€ YMEHBIIAET BpeMs cueTa JJIsi BceX cCKopocTed pesanus. Ilpm pemenum 3amad, rae ommoOKa B
3HAQYCHUU CUJIbI PE3aHUA HC UMCCT PCHIAIOMICTO 3HAYCHU A, HO BaXKHBIM ABJIICTCA BPEMS CUHCTA (HaanMep, IIpU UCCJICAOBAaHNN
BJIWSIHUS TCOMETPHUU JIC3BHA HA (I)OpMy Cpr)KKI/I) MOXHO CYIICCTBCHHO YMCHBIIMTH BPEMA CUCTA 3a CUCT YBCIIMYCHUA qm (pI/IC.

2). Bmecre ¢ TeM HaJ0 yIUTHIBATH, YTO (y BIHMSET U HA (HOPMY CTPYXKKH, OCOOCHHO MPH BPE3aHHH, KOTA pa3Mep JJICMEHTa
COM3MEPHM C TONIIMHOM cpe3a (puc. . 3).

D Vohihawinn
0,001 0,01

DieMeHThI THIIA 2 UMEIOT 8 KBaJApaTypHbIX TOYCK, U, CICAOBATCIIbHO, 3HAYUTCIIbHO Oonee PECYPCOCMKHUC, YCM IJICMCHTBI
tuna 1. Hp06HI>I€ pacyeThbl MMOKA3bIBAIOT, YTO BPEMs BBIYHCIICHUH Ipyu IPpUMCHCHUU 3TUX DJICMCHTOB IIOYTHU B 2 pasa 6OJ'II>HI€,



YeM IpH MPUMEHEHNH 3J1eMeHTOB Trmna 1. Bmecre ¢ Tem aneMeHTam THIa 2 He CBOMCTBEHHO HOSBICHNE OE39HEPTeTHYECKUX
¢dopm nmedopmanmii. Crenyer Takke OTMETHTH, YTO IPU HCIOJIB30BAHUM JIEMEHTA THIA 2, BCIEACTBHE €0 IOBBIIICHHOMN
JKECTKOCTH TIPHU BPE3aHUM YCTOMYMBOE CTPYKKOOOpa30BaHHE HAYMHACTCs IOIKe (B [Ba pa3a W Oolee), YTO BHOCHT
CYIIECTBEHHYIO OIIMOKY IPY MOJICTUPOBAHMH EPEXOAHBIX ITPOLIECCOB.

s monenupoBaHusl KOHTaKTHOTO B3anMonelcTus B LS-DYNA peann3oBans! aBe MoanUKauy aaroputMa mrpados
[]. TIpoGHbIe BhMMCITEHNUS TTOKA3aIH, YTO CTaHAAPTHBIA anroputM mrpados (SOft=0 u soft=1) maer myunme pesynsrarsl npu
MajblX CKOPOCTSX pE€3aHus, B TO BpeMs KaK CerMeHTHas Mopuukanus amroputma impados (Soft=2) okasbBaercs
MIPUMEHUMOM TOnmbKO Tpu ckopocTsix 500 M/MuH n Oonee M3-3a 3HAYUTEIBHOTO BPEMEHHM pacdeTa C IOMOIIBIO ITOTO
aITOpUTMA.

Crenyer oOparnTh BHUMAHWE Ha BBIIONHEHHWE TPAHWYHBIX YCIOBHH B OONACTH PEXyIle KPOMKH IPH HCIIOIB30BAHUU
Pa3IMYHBIX KOHTAKTHBIX aJropuTMOB. Kak BHIHO M3 pUC. 4 MPH HCHONB30BaHUH anroputMa SOft=1 y3en Ha BeplmHe JIe3BUs
IIPOHMKAET B JJIEMEHT 3aroTOBKHM IIE€pei HEH, B TO BpeMs Kak HU OJWH M3 Y3JIOB 3arOTOBKM HE IMPOHMKAET B JIE3BHE. TeM
CaMBIM B 3JIEMEHTaX, KOTOpbIe MOACIHPYIOT TPEIWMHY CO3IAI0TCS HAPSHKEHUS PACTSHKEHUS, YTO CYIIECTBEHHO OTIIMYAETCS OT
peabHBIX YCIOBAN MEpes pexyeil KpoMKoil. OTo oTiauyre Oyrer TeM OonbImM, YeM OonblIne pa3Mep KOHEYHBIX JJIIEMEHTOB,
MOJICTIMPYIOIIMX pa3pylicHHE.

B T0 ke BpeMsI IIpH KCIIONB30BaHNH anropuTMa SOft=2 MpOHWKHOBEHMS y3JI0B JIC3BUSI B 3arOTOBKY HE HAOIIONACTCS, YeM
peanu3yroTcsl T0CTOBEPHBIE TPAaHWYHBIE YCIOBUS B 0ONAcTH pexymed KpoMkd. OmHAKO YYUTHIBAS 3HAYMTENBHBIE 3aTPaThl
BBIYHCIIUTENBHBIX PECYPCOB, HEOOXOMMBIX [UISI pean3aliy anroputMa SOft=2, Ha mpakTHKe CieIyeT ero UCIOIb30BaTh JIUIIb
TOT/a, KOTJa JeHCTBUTEIFHO HEOOX0MMO 00EeCTIEUNTh JOCTOBEPHbIE TPAHUYHBIC YCIIOBHSA B 00NIaCTH PEXYIIEH KPOMKH.

sclfoc=0.5 scifac=5.0

Boyn i s e

Puc. 4 — BiausiHue KOHTaKTHOTO QJITOPUTMA U KO3 ((UIMEHTa )KECTKOCTH KOHTAKTa Ha q)opMy CTPYKKH IpH ckopoctH pe3anust 500 m/Mun

BaxapIM mapaMerpoM ITH000H MOTUGBUKAIIMN aaropuT™Ma IITpadoB SBISETCS BEIHMYMHA KOIPPUIIMEHTa KOHTAKTHOW
sxectkoctr slsfac. Ha ero BenmumHy BIHAIOT MOIYIM YIPYTOCTH KOHTaKTHPyeMbIX Tel K M pasmMep KOHEUHBIX 3JIEMEHTOB.
OnBITH MTOKA3aJIM, YTO TPU OAMHAKOBHIX pasMepax KD Ha KOHTAKTHBIX IMOBEPXHOCTSX JUTS TBEPIOCILIABHOTO WHCTPYMEHTA
HauBBITOHEH e 3Hayenue slsfac pasuo 0.5.

PaccmorpuM BiHsiHEE pa3MepOB KOHEYHBIX JIEMEHTOB, 0Opa3ylOIMX KOHTAKTHBIC TOBEPXHOCTH Ha HAWBBITOJHCHIICE
3HaYeHue KOd(PPUITMEHTa KOHTAKTHOM skecTKocTH Slsfac. ITycTh HHCTPYMEHT M 3aTOTOBKA ONMUCAHBI KOHEYHBIMHU DJIEMEHTAMH
B BHJIE MMPSIMOYTOJIBHEIX MapajuiesIenuIeoB o0beMoM V co cTOpoHaMHu JIMHOU a, b, C, mprdueM cTopoHsl @ U b obpasyror
KOHTAaKTHBII CErMEHT IUION@ABI0 A, a CTOPOHA ¢ NEpICHIWKYIsIpHA eMy. Torga KOHTaKTHAas JKECTKOCTh MOXET OBITh
BbIuKCIieHa 1o dopmyre []:

p o Slfac KA _sifac K oa' b _ slfac K -(ab)
! vV a-b-c c ) (1)

HYCTB CyHICCTBYECT HCKOTOPOC HaHBLHOﬂHeﬁmee 3HAUYCHHE KOHTAKTHOM JKECTKOCTH k‘?’, KOTOpOC HC 3aBUCUT OT

pasMEepoB " (bOpMI)I JJICMCHTOB, a OIpCACACTCA JINIIb CBOMCTBaMU MaTcepuajioB CHUCTCMEI. Torz{a BBI60p0M BCIIMYWHBI

koadduuenta slsfac caenyer obecreunts BenuunHy i OpH pelicHAH 3a1a4u ¢ koHkpeTHo# KD cerkoit. Ecnu nepenucars
Beipakenue (1) B Bume

K
sisfac = - — sisfac 0 ——

K(ab) . Te. (ab) , (2)
TO CTAHOBUTCA OYCBUIHBIM, YTO K03(1)(1)I/IIII/I€HT slsfac IIpsAMO TPONMOPUHUOHAJICH pasMEpy C JJICMCHTa (CFO ((FJ'IYGI/IHG») u

00paTHO TPOMOPHUOHANIEH TLIOM@AAN KOHTAKTHOTO cerMeHTa (MpOM3BENEHHIO JUTMH cTopoH 2°P) u momymo ynpyroctu K.
IMosTomy ecnu pa3mepst KD npu peienn KOHKPETHO# 3a1aqn OymyT CymecTBeHHO (Oosee ueM B 4 pa3a) OTIMYATHCS OT TeX,
YTO TPUMCHSUIMCH B J@HHOM uccienoBannu (16 MM it 3arotoBku u 35 MKM Uist JIe3BHsL), TO BenudrHa Kod(duimeHTa
KOHTAKTHO# xecTkocTu Slsfac momkna GbITh CKOppeKTHpOBaHa B cooTBeTCTBUH ¢ popmyioii (2). Hanpumep, eciu pasmep KO
JIe3BUsI COCTABISIET OKOJIO 1 MM, TO K03 durment Slsfac HeoOXomuMO yMEHBIMTE 10 BEJIUYHHBI

DjEI.EIEj-EI.EIEj 1.0 0017

1010 0035




Kakx mnoxkazamm HUCCICAOBAaHNA IMOBBICUTH YHUCJICHHYIO YCTOﬁQHBOCTL KOHTAKTHOTO aJITloOpuT™Ma Mpu MOACINPOBAHUUN
BpE3aHUsA a0COIIOTHO OCTPbIM JIC3BUCM MOXHO BBCIACHUCM BHPTYAJIbHOI'O IOKPLITHUA TOJ'IHII/IHOﬁ d, O6€CH€‘II/IBaIOHICFO
JAOCTOBCPHOC OIPCACIICHUC HAIIPABJICHUSA HOPMaJid K KOHTaKTHOM IMMOBCPXHOCTHU B obnactu pencyluef/i KPOMKH, I/IMG}OHIeﬁ
OCTpLIﬁ Yrojia 3a0CTpCHUA. OnTrManbHOE 3HAYCHHE napameTpa d cocraBnser oxoio 0,01 MM BO BCEM HCCICOAOBAHHOM
JAruaria3oHe CKOpOCTeﬁ pe3anus.

i
LR

el s I pasimin sis s A0

¢ BPTHEHE CNETE
rd

e =10% 10000
10’
| DMK
S
14K = 00
- e, <%
10 OHIECTL BOMVCTIM X
mancHnil K, %
1 2 4 [+ B k__-‘f'i."'-l-.‘--:.?uu||:k__
a) 6)

Puc. 5 — O6nacTb 10nMyCTHMBIX 3HaueHU I koadduirenTa yBennueHns mara narerpupoanus Kpy=Dt/Dtg

ANTOPUTM SIBHOTO MHTETPUPOBAHMS YpaBHEHWH ABM)KEHHUS MMeeT OrpaHWdeHHe mara uHTerpuposanust Dtg, koropoe

BeIpakaercs ycnosreM Kypanra- ®@penpukca-Jlesn (CFL-ycnoBue ):
b <brg, =Lic c=f(aE) 3)
ne L - xapakrepusiii pasmep KD; € - ckopocTb 3ByKa B IE()OPMUPYEMOM TEJIE; I - IIOTHOCTH, E — MOYIb yIIPYrOCTH.

3a cuer yBeNMYEHMs mara WHTeTpupoBaHusi Dty MOXHO CYIIECTBEHHO yBETHMYUTH NPOU3BOAUTEIBHOCTD BBIYHCICHUH.
He napymas CFL-ycioBre 3TO MOXHO czieniaTh ITyTeM MacIiirabMpoBaHUsl MacChl (IUIOTHOCTH) 3arOTOBKH. JTO OCOOCHHO
BAXHO JUIS MOJICIUPOBAHUS PE3aHUS CO CPSOHHMH M MalbiMu ckopocTsimu pesanust (mo 500 m/mun). Wccnemoanus
MOKA3bIBAIOT, YTO C yBeJaWdeHHeM miara uHTerpuposanus Kpi=Dt/Dtg Bpems cuera HenmHelino yobBaer (puc.. 5,6). OnHako
J00aBlIeHHE MacChl BHOCHT B CHCTEMY JIOTIOJHHUTEIBbHBIC HepeallbHble JUHAMHUYECKHE CHIIBI, KOTOpbIE INPH HEKOTOPBIX
3Ha4YeHUAX Kpt MPOSBISIOTCS, BHOCS 3HAYMTENIBHYIO ONMOKY B Pe3yiibrarhl pacdera. IIpeyIoKeHO OLCHUTH IOMYCTHMOE
3HaueHue Kpt 10 yCIIOBHIO HE IPEBBIIICHHS OTHOCUTENBHOM dHeprueil Oe3sHepreTHdeckux (HopMm aedopManuy BETHIHHBI
10%. TIpenenpHas kpuBasi Kpt 0T ckopocTu pesanus V mpencrasieHa Ha puc. . 5. BujHo, 4To 4eM MeHbIIe CKOPOCTh PE3aHust
B MOIEJIMPYEMOM IIpoIecce, TeM MOXXHO HCIONB30BaTh OOJBIIMI KOA(QQUIMEHT yBeNMUYEHUs IIara WHTETPUPOBAaHUS. IJTO
MIOJIOKEHHUE TO3BOJISIET OKMJATh, YTO MUHHMAJbHOE BpeMs cuera moneseil 3D pabounx mporeccoB pe3aHusi ¢ OJUHAKOBBIM
KOJTMYECTBOM 3JIEMEHTOB CO CKOPOCTSIMH pe3aHus B nuarazoHe or 50 go 500 mM/MuH OyneT HpakTHYECKH OJMHAKOBBIM
(IyHKTHpHAS KpUBas Ha pHC. pUC. . 5,0) W pe3ko yOBIBATH MPU pealM3allli MOJIENEH cO CKopocTsamu pesanus Oomee 500
M/MUH.

Boi6oout.

[lpoBeneHHbIE WCCIEOBaHMUS MOKa3ajlHd, 4YTO HaWBBIIOAHEHmMe 3HadeHHWs mnapamerpoB pemarens LS-DYNA
ofecrieunBaroT MHUHAMAIBHOE BpEeMsI BBIUMCICHWH M HAMMEHBINYI0 OMIMOKY MPOTHO3WPOBAHUS CHIIBI pe3aHusi, (OPMEI
CTPY)XKH, BpEeMEHH Hadajla YCTOMUYMBOTO CTPY)KKOOOPa30BaHHUS M IPYrHX IOKa3zaTelel Ipoliecca pe3aHus. B nmamasone
ckopocteit pezanus ot 50 1o 5000 M/MuH I cTane 3TH MapaMeTpsl MOTYT OBITH BHIOPAHBI CIEAYIOIIMH:

aNropuTM TOnIaBlIeHHUs Oe3dHepreTmueckux (opm amedopmanuu - amroput™m PnaHaraH-bBeabMKO ¢ TOYHBIM

HHTETPHPOBAHUEM IO 00beMY ISl OOBEMHBIX JJIEMEHTOB B (OPMYITHPOBKE YBEITHUCHUsI sKkecTKOCTH 1h( =5;

napameTp (m - [0 PUCYHKY 1 17151 3aJaHHOM CKOPOCTH pe3aHus;

anement tuna 1 - elform =1;

KOHTaKTHBIH anroput™ - SOft=1, Bo Bcex ciydasix, e MOXHO JOIYCTUTh HETOYHOCTh TPAHUYHBIX YCIOBUH B 00macTu
pexyieit KpoMkH, 1 SOft=2 Bo Bcex ocTanbHBIX CiTydasx;

BenurHA K03 uIHeHTa KOHTaKTHOM sectroctu Sclfac = 0.5 ¢ yuerom xoppekuunu Ha pazmep K3 mo popmyse (2),

TOIIHA BUPTYainsHOTo nokpsrrust d=0.01,

K03()GUIIMEHT YBETMUYCHHUS [Iara HHTETPHPOBaHusl (YCKOPEHHs BBIUKMCICHHUI) KDt - IO PUCYHKY . 5,a s 3ananHoit
CKOPOCTH PE3aHUsL.

Cmucox sureparypsi: 1. Hallquist J. O. LS-DYNA Theoretical manual. - Livermore: LSTC, 1998 .-
498 c. 2. Myiizemnex A. FO. OnivcaHue TOBEICHNS MAaTepHaIOB B CHCTEMax aBTOMAaTU3UPOBAHHOTO MHXKEHEpHOTo ananu3a. -Ilensa: UL IT'Y, 2005. -152 c.
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