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YNbAHOBCKUM rocyfapCTBEHHbIA TEXHUYECKUA YHUBEPCUTET

UccnepoBaHue npouecca ocagkvm UMNUHOPUNYECKON 3aroToBKKU B

nporpamme LS-DYNA

B pabote nccnepoBaH npouecc 06paboTkv MeTannoB AaBfieHMEM — ocafka LMINMHAPUYECKON 3aroToBku. peactaBneHo Ha-
npsbkeHHo-AechopMUpPOBaHHOE COCTOsIHWME LMnuHApuYeckoro obpasua, kak B npouecce CTaHAapTHOW OCafku, Tak M MpW pasnnyHbIX
TexXHonornyecknx pexumax. Maremaruyeckoe MogenmpoBaHune BbINOMHEHO ¢ nomoLbio nporpammbl LS-DYNA Bepcum 971. Uccne-
[A0BaHNe BbINOSTHEHO B HAYYHbIX LiEMNsiX.

Puc. 1. TBeppoTtenbHas mo-
Oenb npouecca ocagku Lu-
NNHAPUYECKON 3arotoBku: 1 —
LUUnuHOpuYeckasl 3aroTtoBka,
2 — nogBwxHass nnuta, 3 —
OCHOBaHue

n ckopocTu. KoHeuyHo-anemeHTHasa moaernb coctosina n3 9000 06beMHbIX anemeHToB 1 50
060no4HbIX. Pe3ynbTaTbl MO4ENMPOBaHNSA NpMBeAEHbI Ha puc. 3-6.

PeSyJ’IbTaTbI MoaennmpoBaHnAa cpaBHuBanu ¢ TeopeTn4eckmmMmun pac4etamm npouecca

ocaku.

1. Pacuet gecopmaunii: gp =

WcxopHble napametpbl: b =66; Ah =14

PesynbTathl pacuera:

E ’

rae Al - BenuumHa ocagku no BbicoTe 06pasLa, /1 - BbicoTa nocne gedopmaLii.

Ocagpka -- npouecc 06paboTkn MeTannoB AaBneHneM, 3aknoyarLwmiics B gecdopmanmmn mexay
nnockonapannenbHbIMA NOBEPXHOCTAMM LUMUHAPUYECKON U NPU3MaTUYECKON 3aroToBKW, Npu KOTO-
pPOM YMEHbLUAETCs €e BbiCOTa W YBENMUYMBAETCSH MOMEPEYHOE cedeHue. HanpsikeHHo-gedop-
MUPOBAHHOE COCTOSIHWE B 3aroTOBKE 3aBUCUT OT KO3(hMULMEHTA TPEHWUSI HA TOPLIOBLIX KOHTAKTHbIX MO-
BEPXHOCTSIX, @ Takke OT pasmMepoB 3aroToBku. CUmbl TPEHME Ha KOHTaKTHbIX MOBEPXHOCTSAX CO34aloT B
0edopMUpyEMOM Tene CxXemMy OObEMHO HaMPSHPKEHHOTO COCTOSIHUS U BNUSIIOT Ha XapakTep pacnpege-
neHus aedopmannii, Kak B OCEBOM, Tak U B paananbHOM HanpasrieHuu.

Llens paGoTbl M3yu4nTb HanpshkeHHO-AehOPMUPOBAHHOE COCTOSIHME 3aroTOBKU MpU ocajke,
paccMoTpeTb pacrnpefeneHne KOHTaKTHbIX KacaTellbHbIX HanpshkeHU Ha Topue 3aroToBKM, Moka3aTb
BMUSIHWE CUIbl TPEHUSI Ha npouecc AedopMUPOBaHUS, NPoaHanM3MpoBaTh pasnuyHbie cnocobbl Bo3-
JeiicTBUSI B NMpoLecce OCyLLECTBNEHNs ocadku. MaTtemaTnyeckoe MogenupoBaHue npolecca ocylle-
cTenanock B nporpamme LS-DYNA.

[Mpouecc ocagkn 1 TBepaoTenbHas Mmodernb npueedeHa Ha puc. 1. LunuHgpuyeckas 3arotoBka
1 (anameTp do =60 MM, BbicoTa ho =80 mm) nop Bo3aencTBMEM MIOCKMX MnnT 2 1 3 byget caasnu-
BaTbCS B OCEBOM HanpasneHun (Z) n pacwumpstbes B pagnansHoM (X n'Y).

KoHeuHo-anemeHTHas mMogenb npefctasneHa Ha puc. 2. B pesynbtate cummeTpumn B pacyet
npuHUManM %2 4acTb MOMHOW MOAENW C COOTBETCTBYIOLMUMW OrpaHnyeHmamn. Matepran 3aroToBku —
ctanb 08kn, Tnn anemeHTa Solid164, npyXMmHble nnockocTn 3agarbl TBepabiM (Rigid) TMnom anemet-
Ta Shell 163. MNMepemeLleHne NOABUXKHON NANTLI 3a4aHbl COOTBETCTBYOLLMMU MacCcuBaMy BPpEMEHMU

Ah Ah Ah
E,=—3€ =——;

2h h

£, =0.106; £, =0.106; £. =-0.212.
Puc. 2. K3 mogenb (1/2) umnuna-

d? pUYYecKon 3aroToBKM MexZy nroc-
2. Pabota cmn aedopMyMpoBaHUs Npy OCafke OnpeaensieTcs Kak: Aﬂ =—0; -Ah- 7[7 KonapannenbHbIMY NnacTuHaMmm
rae Og — HanpsikeHue TekyyecTy MeTanna (c yde- Tabnuua 1. CpaBHeHWe pe3ynbTaToB MOAENNPOBAHUA U Teopun
ToM ynpouHeHus), MMa, d — anameTp obpasua no- Mopenuposanue* | Teopus | Pasnuuue, %
crne ocagku, Mm X-strain 0,1134 0,106 7
Ag =1,2e7 Ox Y-strain 0,1134 0,106 7
Z-strain -0,2366\ -0,212 11,6
3. NonHoe ycunue ocagku:
5 Pabota cun pedop- 1,094e7 1,2e7 9,7
p= T-d T.-d _ MMpoBaHusi, [x
4 7 3n) MonHoe younve 114e6 0,094¢6 14,6
ocanku, H

roe 7, — kacatenbHoe HanpsxeHue, MMa

P=0,994e6 H

*- 3HayeHue Ansa paboTbl N YCUNUSA YMHOXEHO Ha Koad. 2 ANns npeacTaBneHns
nosiHon moaenu

Pa3nuune mexay pesynbtataMmu Teopun 1 MoAenvpoBaHus (Tabnuua 1) B nepByto odepeab CBs3aHbl C AOMNYLLEHUSMU NPUHS-
TbIMU B TEOPUM OCaKN (He y4nTbIBaeTCs nosisneHne 604koobpasHOCTH, HepaBHOMEPHOW Aehopmannm no ceveHuto obpasua u ap.).
Pasnunune pesynbTaToB Mexay Teopuen n npaktnkon B npegenax (20-25)% s OM[ cuntaetcs 4onycTUMbIM.
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XapakTepHo nosiBreHust 30H Hanbonblwnx aedopmaunii B cepeamHe obpasua (puc. 3). Ha puc. 4 npeacTaeneHsl rpacukm ns-
MeHeHMs BenuumHbl gedopmaumu (no X, Y u Z) B npouecce ocafku. XapakTepHO yBenuM4eHWe BHYTPEHHEN SHeprum u pesynbTu-
pytOLLLEN KOHTAKTHOM cunbl B npouecce agecdopmmpoBanus (puc. 5). MNMpeactaBnset nHTepec rpacduk B, puc. 5 no KpaeBblM 3NeMeH-
Tam rpadvka xapakTepHo yBenuyeHue (no Moayrto) oceBblx AedopMaL i, YTO HE OMUCLIBAETCS B TEOPUMN OCaKMN.

Ha puc. 7 npvBeaeHbl BapnaHThbl pa3nuyHbiX BO3AENCTBUI B Npouecce ocaaku. MpumMeHeHne MArkux npoknagok (puc. 7.6) no-

3BONSET YMeHbIINTL GoukooGpasHoCTL obpasua B npouecce ocaaku (B Hawewm cnyyae npu &£, =—0.5 ywupenne sarotosku

yMeHbLMNoCh Ha 15% Mo cpaBHEHMIO C NepBbIM BapuaHToMm). MNpunoxeHne BpalleHWsl Ha BEPXHIO MIWTY BbI3biBAeT nepepacnpe-

peneHune necbopmauwil No Ce4YEeHUI0 U NOHMXXaeT NpuknagbiBaeMmoe ycunue (B Hallem cny4ae npu 81

Ha 22% No CpaBHEHMWIO C NepBbIM BapnaHToM).

=—0.5 ycunue ymeHbLlIMNoCh

LS-DYNA user input
Time= 0038 Fringe Levels

Gomoured. 1163001 _
g - |

T surtscoxsran
Areasionan s oET
e e 45
srtoecz
orazeoz_
e
sriseaz
srseaz]|
arroecz ]
srazeaz

2794602
1808002

LS-DYNA user input
T

ime= 0039
Contours of
in=0.016825,

d Suface Y-
.ot clom 3

strain
m 610
Mae0119181, 3t elm¥ 4250

JE——
tszeon
tomseat ]
sartec:
sareca
Toatecz
couneaz
srrrece
arsseca ]
srscecz

2708002
1583002

LS-DYNA user input
Time= 003

Mak=0.0360452, a elem 3850

ntours of Mid Surface Ztrain
= 0235691, at elm¥ 4231

FangeLoves
ssvisaz_
sstteas
8trecz
seameea

tieseon |
PRy
sssseor ]|
17aseor ]
1565001

2168001
2367001

toraeat
a

B

Puc. 3. Pacnpenenexue gedopmaumii BAOMb LIeHTpanbHOM NnockocTy obpasua u no Topuam B HanpasneHun X (a), Y (6) n Z

(8) npu Ah =14 (t=0.039)

014 LS-DYHA uger input 044 LS-DYHA user input 0.05 LS-DYHA user input
Element no. ] Etement no. Element no.
012 042 N
A 4230 / _A 30 \\ A230
Y] 01 L
-0.05
0.08 -"/ 0.08 1 \
G / o / M ‘\
. ! z
% P % pd 0.1
A4 20,04 M \\
/ / 0.2
002 v .02 V4
0 ] 0 o 0.25
Y’ 0.02 0.3
0 001 .02 0.03 .04 0 0.01 0.02 0.03 .04 ] 0.01 0.02 0.03 0.04
Time Time Time
a 6 B

Puc. 4. Mpacukn usMeHenns BennunHbl gedopmaumm B npouecce aedopmuposanns of Al =0 go Ah =15 gnsa anementa
(E-4230) no HanpasneHusam X (a), Y (6) u Z ()

7 LS5 DYHA user input
Global

6 // a2

5 /
&
Z e
S

I

i, W
1 -~

2 -
E

1 /

0 s’ /

0 0.0 0.02 0.03 0.04
Time
a

0.7 7

0.6

LS-DYHA user input

Contact Id

=
&

A

e
=

e
9

Resultant F orce (E+6)
=
2

e

=

LX) 0.02 0.03 0.04
Time

6

2Z-strain

ILE: osadka,sat

T

Global

/

\AJ

/

/

osadka

B

Puc. 5. 'pacdukn n3amMeHeHns BeNnUMHbI BHYTPEHHEN 3Heprumn (a), pe3ynbTUpYHLWMX KOHTaKTHbIX cun (6) n oceBbix aedopma-

uuii Baonb ocu X no Topuy obpasua

L

LI

L

I

B

Puc. 6. PacnpeneneHue ocesoi gecdopmaumu (No ocu Z) npu pasnuyHblx cnocobax BO3AENCTBUI NpU OCagKe: a — cTaHaapTHas
ocapka, 6 — ocagka ¢ MCNoNb30BaHNEM MATKMX NPOCTABOK, B — OCajKa C BpalLleHUeM BEPXHEN NOABVKHOM NNNUThI
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