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[lepcneKkTuBHbIE HanNpaBNeHUsa U NyTU pelleHnsa 3agad
B3aMMOOENCTBMUS aHaNM3 KOHTAKTa AeTtariem ¢ y4eTom

oonbwux aedopmauunmn, ygapHoro KOHTakKTHOro
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OuHamMuka ObICTPON3IMEHSAIOLWMNXCA NPOoL,eccoB

KOHTaKT C TpEHNEM

3agayn ¢ bonbwnMKn nepemMeLleHnaSMn n gedoopmaumamm

YaoapHoe B3anmMogencTemne

CopepxaHue
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OnHamMmuka 6bICTPON3MEHSAIOLLMUXCS NMPOL,ecCoB

AHnmMauus npouecca pesaHusa metanna t=10%c

CyMMapHble nepemMeLLeHusi, M OKBUBareHTHble HanpsxeHna no Musecy, Na

0,061483 Max 1,1537e9 Max
0,054651 1,0255e9
0,04782 8,9732e8
0,040982 7,6914e8
0,034157 6,4095e8
0,027326 5,1276e8
0,020494 3,8457e8
0,013663 2,5630e8
0,0068314 1,281%%5
0Min 0 Min




OuHamuuyeckoe paspyLieHMe MaTepuana

Mogenb nnactuyHocTu [)koHcoHa-Kyka

Yield Stress (,10%) [Pa)

09,2415 A0

T field Stress 1000/5  mm—m—
—o—"—'_'_'_'_'_'-
8.8415

8,2415
7.8415
7.3415
65,8415
6,3415

5,8415

5,3415

Mopgenb paspyweHusa [)xoHcoHa-Kyka

OnHamMmuka GbICTPON3MEHAIOLLMUXCS NMPOL,ecCoB

D=ZA§F" .

€¢

D, P Pl
e’ =D +De ™ [[1+ D4|n(,—j 1+ D{
€ T

[u] 0,01 0,02 0,03 0,04 0,05
Plastic Strain

0,06 0,07
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OnHamMmuka GbICTPON3MEHAIOLLMUXCS NMPOL,ecCoB

3agayuv BO3HUKaloLme npun moaesinunposaHnn auHamMmn4yeCkKmnx npoveccoB

- OnpepneneHne «CKOPOCTU» npoLiecca n BbIbop anropntma pacyeta

* MogenupoBaHMe KOHTaKTHOIMo B3auMOA4EUCTBUA U yOaPHbIX B3aUMOO4ENCTBUM

* MooenunpoBaHue reoMeTpUYeCKon HENMHENHOCTU (DonbLune gedopmaumn n nepemMeLLeHns)
* MogenunposaHue on3nyeckon HeriIMHEMHOCTU MaTepunarsos

* MogenupoBaHua paspyLleHus maTepumanos

* Mon,enmpOBaHme conpAaXeHHbIX TepMmoanHaMmn4eCkmnx npoLeccos
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[nHamuka ObICTPON3MEHSIIOLLIMXCS NMPOLIECCOB

KoHTaKT Cc TpeHuem

3agayn ¢ bonbwnMKn nepemMeLleHnaSMn n gedoopmaumamm

YaoapHoe B3anmMogencTemne

CopepxaHue




KoHTaKT ¢ TpeHuem

Mopaenb KOHTaKTa C TpeHuem

OTcyTCcTBME KOHTaKTa Hanunyne koHTakTa

fs‘
. /
IMHeHo-ynpyrnin 3aKoH Ans MogndrumposaHHbIn 3aKOH /
HOPMaMbHOM CUIbI KynoHa ans kacatenbHOW Cunbl .
= ol
fn,K =k, ny K¢Sk » ecru sz‘ <u an‘
s,K - .
sign (s, )| T, « ‘, unaue g
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CaasnuBaHue AByx Ten. NocTtaHoBKa 3apaum
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CpaBnuBaHue aByx Ten. [lechopmMaumoHHana KapTuUHa

J
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CKonb35WMmMin KOHTaKT KOHTaKT C TpeHnem KOHTaKT ¢ TpeHnem XKecTkum KoHTaKT
k,=0; u=0 k,#0; u=0,1 k,#0; u=0,15 k,#0; u—o0
= 77 = E=TFH = B e =
== = == = == 5 ; 1‘
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KoHTaKT ¢ TpeHuem
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KoHTaKT ¢ TpeHuem

CaaBnuBaHue AByX Ten. FOpuU3oHTaNbHbIE NepeMeLLeHNs, M

CKonb35AWMmMin KOHTaKT KOHTaKT ¢ TpeHnem KOHTaKT ¢ TpeHnem YKecTKum KOHTaKT
k,=0; u=0 k, #0; n=0,1 k,#0; u=0,15 k,#0; p—o0
x10° x10° %1070 %10
5 5 5
4 4 4
3 3 3
2 2 2f H
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CKONb3ALWNNA KOHTaKT

KoHTaKT ¢ TpeHuem

CaaBnuBaHue AByX Ten. BepTukanbHble nepemMeLleHus, M

KOHTaKT ¢ TpeHnem

5] 15]

=25

k.=0; u=0 k. #0; n=0,1
(EEEEEEEEEEEEEEEE) 0
05 -05
-1 1
15 15
2rF 20 '
25¢ 25k
ey Y
-35F a5l
-4 4
45 45
-5 5
55 10 .

-3.5¢

-4.5

KOHTaKT ¢ TpeHnem XKecTkum KoHTaKT

k,#0; u=0,15 k,#0; p—o0

0 0 [N

-05 -0.5

x10™ %10
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KoHTaKT ¢ TpeHuem
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KoHTaKT ¢ TpeHuem

CpaBnuBaHue aByXx Ten co casurom. flehopmaumMoHHana KapTUHa

CKonb35AWMmMin KOHTaKT KOHTaKT ¢ TpeHnem KOHTaKT ¢ TpeHnem XKecTkum KoHTaKT
k,=0; u=0 k, #0; n=0,1 k,#0; u=0,15 k,#0; p—oo
| B ==
e ———

e e, e e e e e s s |
wwwwwww
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KoHTaKT ¢ TpeHuem

CaaBnuBaHue AByX Ten co caBUrom. Flopm3oHTanbHble NepeMeLLeHns, M

CKONb3ALWWA KOHTaKT YKecTKnn KOHTaKT

k.=0; =0 k., #0; u=0,1

KOHTaKT C TpeHnem KOHTaKT C TpeHnem

k,#0; u=0,15 k,#0; p—o0

%107

25

1.5¢

0.5

%10

18

16

14 ¢

127

107}

%10

x10

Ll
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KoHTaKT ¢ TpeHuem

CoaBnuBaHue ABYX Ten co caBUrom. BeptukanbHble nepemMeLlleHns, M

CKonb35AWMmMin KOHTaKT KOHTaKT Cc TpeHnem KOHTaKT Cc TpeHnem XKeCTKnn KOHTaKT

k,=0; u=0 k, #0; n=0,1 k,#0; u=0,15 k,#0; p—o0

10
0.5 of

'
N

4r -0.5F

-12

14 -
%107 %107 104
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BHegpeHue kKnuHa. lNoctaHoBKa 3apgayuu

3anpeT BepTuKasrbHbIX
nepemeLleHnn

ARNOMUHUI §

-~

3anpeT BepTuKanbHbIX U
rOPU30OHTarnbHbIX NEpeMeLLeHNI

KoHTaKT ¢ TpeHuem
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BHeapeHue KnuHa. Pe3ynbraTthl

rOpVI3OHTaJ'IbeIe nepemMeweHnd, M
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Hopmaanble Hanps>XeHnd B
rOPU3OHTAlIbHOM HaripasiieHunu, Ma

[
T[T
IR IINENN

BHeapeHue KnuHa. Pe3ynbraTthl

x10°

Hopmaanble Hanps>XXeHnd B
BepTMKaribHOM HanpaBeHunu, Ma

0.5

-0.5

-1.5

x10°

KoHTaKT ¢ TpeHuem

KacatenbHble
HanpspkeHus, MNa
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[nHamuka ObICTPON3MEHSIIOLLIMXCS NMPOLIECCOB

KOHTaKT C TpEHNEM

3agaym ¢ bonbWMMU nepemMeLeHAMU U gedopmaumnamm

YaoapHoe B3anmMogencTemne

CopepxaHue




3agaum ¢ bonblMMK NepemMeLleHnaMun m gecopmaumamm

HenunHenHbin 3rmd anmHHon 6anku. NocrtaHoBKa 3apgayuu

p Pl P
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HennHenHbIn n3rmb gannHHomn 6ankn. PesynbraThbl

MNepemelleHnsa BOOnb OCU X, M [MepemelleHnsa BOOSb OCU Y, M

3agaum ¢ bonblMMK NepemMeLleHnaMun m gecopmaumamm

MNepemelleHnsa BOonb OCU z, M




3agaum ¢ bonblMMK NepemMeLeHnamMun n gecopmaumamm

HennHenHbIn n3rmb gannHHomn 6ankn. PesynbraThbl

HopmanbHble HanpsieHust KacaTtenbHble HanpsxeHust OKBMBaNEHTHbIE HaMNPSXKEHWUS

BOONb ocun z, a B NJSIOCKOCTH Xy, a no Musecy, Na
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[nHamuka ObICTPON3MEHSIIOLLIMXCS NMPOLIECCOB

KOHTaKT C TpEHNEM

3agayn ¢ bonbwnMKn nepemMeLleHnaSMn n gedoopmaumamm

YpoapHoe B3anmogeuncreme

CopepxaHue
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YpapHoe B3anmogencreue

NMageHune rpysa Ha NNUTy ¢ ynpyrum ocHoBaHueM. lMoctaHoBKa 3agaum

CoiicTBa feomeTtpus
i Mogynb KOHra, MMMa 2,07 -1 | WwnpnHa, m 1
2M 0°
v
: KoapdpuumeHt 0,29 | AnunHa, m 1
— — + MnoTHOCTb, Kr/m3 60 BbicoTa, m 0,5
E—— Mauma Mauma
—_— o Mogaynb tOHra, MMMa 2,07 -1 | WupurHa, m 2
— T oM 06
o T KoaddpuumeHt 0,29 | AaunHa, m 2
————::______: ! MyaccoHa
MnoTHOCTb, Kr/m3 10 BbicoTa, m 0,25
lpyxcuHa lpyxcuHa
*ecTtkocTb, KH/m 20 ONviHa, m 6
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YpapHoe B3anmogeuncreme

MageHwe rpysa Ha NAUTY € YNPYrmM OCHOBAaHUEeM. AHUMaLUS

MNepemeweHns OKBUBAreHTHbIE HanpsxeHna no Musecy

& T
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YpapHoe B3anmogeuncreme

NMageHue rpy3a Ha NAUTY € YNPYyrum ocHoBaHueM. [IMHaMuKa nepemMeLleHus NiuTbl

Ansys

.08

.16

.24

.32

.48

.36

.64

.72

0.057T

-0.05 1

APM

0.1
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0.3

0.4

0.5

0.6

0.7

0.8



HTLU «AlNMM»

Cnacunbo 3a BHumaHume!

KoMmnauuna HTLU «AlNMM»
(Hay4YHO-TEeXHUYECKUUN LeHTp)

MockoBckas obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (498) 600-25-10, (495) 514-84-19
Internet: www. apm.ru, www.cae.apm.ru

E-mail: com@apm.ru



