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CUCTEMbBI M TEXHOAOTHUMH

|_|OJ'II/IMeprIe KOMMNO3NUMNOHHBbIE
MaTtepumalibl KakK TeTeporeHHble

CTPYKTYpbl

« Knaccudoukaums
* MPUMEHEHNE

KOHCprKTI/IBHO-TEXHOJ’IOI'I/I‘-IGCKI/IE

0OCOBOEHHOCTV NOSIMMEPOB
« [1KM n nx makpoxapakTepucTuku
*  KOHCTPYKUMS-MaTepuan-TexHonorus

HmcneHHble meToabl pacyeTa [ KM
« 0030p 1 cCpaBHEHME
« Digimat: "HCTpyMEeHTbI 1 METOb
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pa3paboTKe TEXHOOM M Co3aaHns
nspenunm ns NKM

3aknryeHue
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MaTepunansl MukpocTpykTypa TexHonorus
Martpuua BonokHa Bkniovenns Opuentrayua Crpykrypa
KoportkoBo-
JIOKHUMUCTbIE
L<1 Tepmonnact Crekno/yronb MNpamble CnyvainHas Crnowucrasa/ VIH>KEKLIMOHHOE NUThEe
< MMZ: MOHOSUTHasA
OnvHHOBO-
JIOKHUCTbIE
1<L<50 mm Tepmonnact/  Crekno/yronb [Npsmble/ CnyvanHasa,/ KomnnekcHble  VIHxekunoHHoe/
TepMOpeakT1B NCKPVBMEHHbIE pPerynupyemMas cnouv KomnpeccuroHHoe
nmTbe
C HenpepbIBHbIM
apMMpoBaHuem
N TKaHN Tepmopeaktus,/ Ctekno/ yronb Mpsmble  ®PukcuposaHHas  CnowcTas Bebiknapka

TepmonnacT

L>50 mm =5




Tpy64uarteie Tl v

Tpykuun KA
- HenpepbiBHOE yrNesonokHo / nonmaupacupkeToH
(PEEK) vinn nonuachupumug, (PEI)

« XKecTkue gonycku Ha BHELUHWE U BHYTPEHHWE AnamMeTpbl TPY6OoK

Cunoesie nanenn KA

«MNKM ¢ yrneBonokoOHHbIM apMUpoBaHnuem
1 TEPMOPETYNPYIOLLIMM NOKPbITUEM

« ANOMUHMEBDbI COTOBbIN 3anonHUTenNs

- HenpepobiBHOE yrneBonokHo /

/ nonuachmpachupketoH (PEEK)

C NPUNMBOM UM NPUBAPKON 3NEMEHTOB

KpenneHus NonesHom Harpy 3ku, (huTuHros

[

Kpen
Tbl KpP

, thuTuUHrM
- HenpepbiBHoe unu py6neHHoe

yrneBonokHo / nonuadupacmpketoH (PEEK)

7

Moaxkpen

nn
« HenpepbIBHOE yrneBonokHo

/ nonuacupacdupkeToH (PEEK)
- IarotasnmsaroTca TepMmochopMmoBaHmem
C NPUNMBOM WV NPUBAPKON 3NEMEHTOB

BonnoBoab!

- YrneBonoOKOHHbIN HanonHuTens /
/ nonuacpmpumng (PEI)

- MeTtannusauua cepe6pom

Pynopxbie anTenHbie o6ny4sarenn
- YrneBONOKOHHbIN HAaNonNHUTENL /

/ normnmacpmpumug (PEI)

- MeTannmaauua cepebpom

Z
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MuvikpoypoBeHs "
Stress 11
CocTtaB v CTPYKTYpa o»

ornpenenseT MakpoCBOMCTBa

0605 001 005 002 0025 005 08§
Shrain 11

004 0045 005 0055 006 0065 007 90°

€L digimat
[lpegctaBuTenbHbIN

o]e) =1

Paccnoenus un
MWKPOMNOBpeXaeHna —
pe3ynbTaT OCTATOYHbIX

HanNps>XXeHnn 1 cny4anHoro

pacnpegeneHns BonoKoH




oooGamoCry DangEoh ik

[ lepkonaums v knacTepmn3aumsi

| PP

08

Mepkonayma - 370 3hpexkT, BO3HUKaKOLMA rpy  °% .
COEQVHEHUN BKI/TOYEHU 10 00beMy HErnpoBOAALLEro
marepviana v (QopMupoBaHUM TakuM 06pas3om KaHana |
nposogumocTn. [loporom nepkonayuwu  HasblBAKT °2
KpUTUHECcKoe 3Ha4veHne o06bemMHON [Onv BKAKYeHWN, rnpyu
KOTOPOM 3TOT ¢heHoMeH HavmHaeTcs (V= p,). t
Tun aHanunsa: TepMUYECKN, 3NIEKTPUYHECKNI.
Knacrepusauus — nokansHoe 06beguHEHNE BKITHOYEHUNI.

Victo4yHuk: Berhan 2007




KoHCTpyKumMa-maTepuan-TexHonorma W

TexHonorus oripeferndeTt

N10KaIbHyo
MUKDOCTPYKTYPY KoHcTpykTHBHBIE
TexHonorus 0co6eHHOCTU
B/IVSAKOT HA TEXHOMOM MO

N3roToBrieHnNA

KoHcTpyKuuns

—

MukpocTpykTypa
onpegernseT cBoucTBa
martepuana v
XapaKkTepucTUKy nspenus



HucneHHble meToabl pacydeTa [TKM

AHanntmn4yeckumn
MaKkpo-ypoBeHb
E >2
| [ ] :
I 1
Ag, =(Ae(x)) =H,:AE Ao =c(c):Ae
Nokanusauus - OcpeaHeHne
I (S I
v M |
€ MuKpo-ypoBeHb -0
el s Wy Bl p Tl
Ao, =c, : Asg, ‘
LOocTouHcTBa:

« bbICcTpas nogrotToBka Mogenu 1 pacuer;

« Tou4Hoe npenckasaHue;

« BosmoxHoCTb MHTErpauuv B MeToge
KOHE4YHbIX 3/1IEMEHTOB.

Hepnocrarku:

«  InnuncovganbHble BKIKYEHWS;

- OpHopogHoe pacnpepeneHue;

« YCpeaHeHHble pe3ynbTaThl

HBHbIVI KOHEYHO3/1EMEHTHbIN

EOCTOMHCTBG:

* To4HOe, geTanbHOEe pELLEHVE,;

« CnoxHble hopMbl BKIKOYEHUN;

« $BHOE MogenupoBaHue Knactepmsaumm u
nepKonaumm.

Henocrarku:

« (CnoxHocTb reomeTpuy;

* [loTpebHOoCTb B BblMMCANTENBbHbLIX PECYPCaX;

« (CnoXHoCTb NOCTPOEHUS CETKMW.



f digimat-UF

Digimat-MF nporHozupoBaHue HeAUMHENHOTo
nosegeHua MHorodazHbIXx MaTepuanos

<L digimat

Digimat-FE KOHeuHo-31emMeHTHoe
MOofenupoBaHue peannucTuyHbiX

& Higimat-FE

DIGIMAT , The multi-scale material modeling platform ®RB NPOCTPaHCTBEHHDIX NPeACTaBUTENbHbIX
> - ’ M
Settlngs License !ﬂdp A obvemos MHWKPOCTPYKTYPbI Matepuana

A digimat-MF A digimat-FE A digimat-MX S digimat-MX

-

Digimat-MX moaynb Ana pesepc NHXUHEPHHra,
XpaHeHWA, nseneueHra u 6esonacHoro obmeHa
DIGIMAT mogenamu matepuanos

&S digimat-CAE

| 2

Digimat-CAE uHTepdeicbl OCHOBHbIX
METOA0B AMTbA NOZ AaBNEHUEM U METOR
KOHEUHO-3/1IEMEHTHOIO aHaNn3a

L digimat-MAP

©f_micross

&S digimat-MAP e
s Digimat-MAP nporpammHoe obecneuenune

ANA Nepeaayy CTPYKTYPHbIX NapameTpos
Me¥xay PasHOPOAHDIMM CETKaMM

suppont@e-Xstream com
v, 8- Xatream.com Q /:gtrea m

© e-Xstream engneenng
Alinghts reserved

&S micross Micross NpoeKTMPOBaHME COTOBOTO
3aM0NHUTENA KOMMNO3WUTHbIX CIHABUY-
naHenei Ha OCHOBE KOHEUYHO-3/1EMEHTHOTO

aHanwmza




HucneHHble meToapb!l pacydeTa [TKM

Digimat-FE

Beon
o Martpuya
£
c = Hanonnutens
€

q’\ @w[%]

['enepaTop sa4evikn 10

i

3agaHune cBonCcTB
OTOeNbHbIX KOMMOHEHTOB,
CBOWNCTB
MUKPOCTPYKTYPbI 1
HacTpoek s4enkn 10

CospaHve mogenu
AYENKM Nepruogn4HoCTL
Ha OCHOBE 3aaHHbIX
napameTpoB, MOCTPOEHME
KOHEYHO-3NEeMEHTHOM
ceTkun, 3apgaHue 'Y

Bbison

e Galnidy

maxewum prinopie stracs

S dgmat

NocTnpoueccopHas o6paboTka
pe3ynLTaToB PeLLeHns B BUae
[OeTanbHOoro pacCMOTPEHUS
pacnpegeneHvsi napamMeTpoB MNo
0b6bemy a4erkm [0 1 no kaxgon n3

thas




Digimat-FE

OcobeHHoCTU:

« [eHepaumsa mogenm
NpeacTaBUTENbLHONO 06bLEMA

* [ paHun4Hble ycnosus
NepnognyHOCTY B BUAE Makpoca

« [leTanbHoe paccMOTpeHue
noBefeHnsa maTepmana Ha
MNKPOYPOBHE

« MopgenupoBaHue 3dhdekToB
KnacTepusaunn n nepkonaumm

 BbiBOg cTAaTUCTU4YECKOro
pacnpegeneHnsa no obbemy
MaTepuana un no Kaxmgom ns gas




Digimat-FE

+ Exp PAGGF30
«— | — MF PA6GF30

PeLieHue:
l/lccnepoBaHue
MUKPOCTPYKTYPbI
MaTepuana Ha OCHOBE
nonMamMmaHon maTpulbl
npwv nomorum Digimat-FE v
Abaqus Standard R
NMO3BONWIIO YCTAHOBUTbL, 4TO ~ &
BBEOEHME B COCTaB s
maTtepmana 19 %
CTEKINAHHBIX MUKpOcdep
BMECTO CTEKITAHHbIX
BOJIOKOH NO3BONAET
CYLLIECTBEHHO MOBbLICUTb
NPO4YHOCTbL MaTepmana npu
COXPaHEHUN NMPUMEPHO
TOrO X€e YPOBHS XXECTKOCTM.

“— | — MF PA6GB30
s Exp PAGGB30

—FE PA6GF30
—FE PA6GF15GBI15 Fibers
—FE PA6GB30

stress distribution

SOVITEC



Digimat: wHcTpymenTsi i metonsl G’

13onaTop,/ npoBogHmnK
_——
V. conpomrme.&hhez_;y
Maccosas gonsa ] #

I\/IaTepman C NpoUeHTHbIM CoAepXaHMeM HNXeE, paBHbIM 1 BbILLE Mpeaena nepkonaunn



YpaBHeHVA NepeHoca

DN1EeKTPONPOBOAHOCTb Tenson POBOAHOCTD
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DIGIMAT FE: mogenupoBaHue nepkonsuum ues software

MaTtepunansl KoHe4HoanemeHTHas AvenKa
3NeKTPONPOBOAHOCTL (M30TponHas) npeacTaBMTENbLHOrO 06Lema
+ nonunatunen: 2.5e-12 Cm/m 100kHM x 100 Hmx 100 Hv

» yronb: 5000 Cm/ ™ O6bemHoe coaepxanme: 10%, 15%, 20%

[TapameTpbl dhopMbl:

MukpocTpykTypa « chopma BKIHOYEHUI: LNNNHAP
2 hasebl OTHOLLEHWE pa3mepoB: 5.5
* MaTpuua: NnonanaTuneH * (pukcupoBaHHbin  pa3mvep 20  HM
*  BKJHOYEHUS: yrofb (amameTp 3.64 HMm])
OpueHTauus

« cnydanHasa 3D
[ paHu4HbIE YyCnoBmA
* nepuogn4eckas reomMeTpus




HucneHHble meToapb!l pacydeTa [TKM

DIGIMAT FE: peaynbTaTbl nepkonaumm

1.00£+01 -+ s 4 o0

A
1.00E+00 -+ : — : B
1.006-G00E+00., 1.00E-01 2.00801 3.006.01

* 1.006-02 20%

, Cm/m

i

/

ues software

* 1.00€-03 - /

1.00E-04 - 150/0 0,
1,00E-05 -

1.00E-06 - 7
1.00E-Q7 - /
1.00E-08 -} /
1.00E-09 - L /

1,00E-10 -

gelgoggnpwij b .

1.006-12 ©
- >
i
=

O6vemMHoe copgepxaHune

=

(3) 20% - mHOXEeCTBO NyTen NPOBOANMOCTH,
MaTepuan - NPOBOAHNK

mMaTepuvarn - N30nsaTop

~&F (1) 10% - HeT nyTewn NPOBOAMMOCTMH,

(2) 15% - obpasytoTcsa NyTy NPOBOANMOCTH
(4epHbIN LBET), MaTepman - NPOBOOHNK




Digimat-MF

Beon "omorennsayuvs BbiBog
==t & EXPIRMENT *
| | Marpia scana (row) o
£ Finer
o] arigntation
o HaronHutens E
-

: 1
straim 11
w [%] C
3agaHune cBonCcTB OnpepenexHve BupTtyansHaa mogens KM,
OTAENbHbIX KOMMOHEHTOB MaKpOCBOWCTB Mo 4YyBCTBUTENbHAS K CBOMCTBaM
1 CBOWCTB CBONCTBaM U1 CTPYKType OTOEeNbHbIX KOMMNOHEHTOB

MWUKPOCTPYKTYpPbI OTHENbHbIX KOMMOHEHTOB



Digimat-MF
Makpo-ypoBeHb
OcoéeHHocm E 2
OcpegHeHve pe3ynsTaTos | - A
*  HenuHeviHoe aH130TpPOorHoe i
rnoseneHve i - 3 _
Lizggyexamqecme As = ( Ag( x)>r =H.  AE Ao =C(Cr): Ac
beicTpoe co3gaHwne mogenv i
v pacuer Nokanusauns _____ OcpeaHeHue
MporpeccupytoLee " b L T I
paspyLueHvie i BT
v Wl |
c MUWKpo-ypoBeHb
P — — — U ’



Digimat-MF + Digimat-CAE + Moldex-3D

[SKcnepmmeHT [ Digimat-FE
’ S

B CTpYKTYpHbIN aHann3
\ KpuBble fedhopmmpoBaHms ]

N V4
% {
V Digimat-MF VY

Mogenb MmaTtepunana

AHM30TpONHas HeNMHerHas

T

HanoxeHune ceTok

] W OpveHTaLN I oldew.BT)

Mopenb HXEKLUNOHHOI0 NNTbSA

——> CTpykTypHan ceTka




HucneHHble meToapb!l pacydeTa [TKM

Digimat-MF + Digimat-CAE + Moldex-3D

9000

8000 -

7000 +

6000 -

m  Experimental

ABAQUS Isotropic Homogeneous 24 Gpa
- == ABAQUS Isotropic Homogeneous 20 Gpa
= Anisotropic Heterogeneous InFlow

= = Anisotropic Heterogeneous XFlow

= Anisotropic Heterogeneous InFlow Plastic

5000 -

4000 -

3000 +

2000 +

1000 -

0

3a0a4u u peweHUA:

o .

Vicrnonesyemeie CATIP:
Digimat-MF, Digimat-CAE,
Moldex-3D, Abaqus
VirpycTtpus:

MeauumHa

ObbekT:
MEXXNMO3BOHKOBbIV ONCK

“KopoTKOBONOKHUCTHIE,

0.5 1 1.5

Injection gate

-327.489
-358.655

2.5

nonnMmepHble

KOMMNO3nMUMOHHbIE MaTepumarbl

CTaHOBATCSH OCHOBHbIM
MaTepuanom anq
N3roToBNEHNs NMNIaHTOB.
Vcnonb3osanne Digimat Ha
cTaguu NPOEKTMPOBaHNS
nossonser CYLLECTBEHHO
NOBbLICUTb MexaHW4eCcKyo

3(h(hEKTUBHOCTL  MMIMNAHTOB,
a TakXe CHM3UTb BPEMA WU

o6LLyro CTOUMOCTb
*  AHanu3 Hecyuweli cnocobHOCMU MeXrno380HKOB8020 OUCKA, NpPOEKTMpoBaHUs.”
* (CpasHeHue pe3ysibmamos KaAaccu4eckoz20 nooxooa uzomponusayuu u nooxooa )
Thomas Mosnier,

c ucnono3osaHuem modesnu Digimat; Medicrea. Erance
*  Pe3synbomam — knaccu4eckuli no0xo0 daem 3a8blWEHHbIe 3HAYEeHUS ’
HanpAaxeHul

/




OnbiT CI' 3AO «Bwn INuTpoHy npn paspaboTke TEXHONOr NN

co3naHusa napgenumim ns NKM

> «KpbINoBCKUIN rocygapCcTBeHHbIN HayyHbIn LeHTpy (LHVI nm.
akag. A.H. Kpeinosa)

. OKP no teme: «[lpoBeaeHne YMCEHHbIX NCCEA0BaHUI NPOLECCOB
aAedopmmpoBaHus 1 paspyLlueHunst rmdpuaHbix NKM v BbINOAHEHHbIX U3 HUX
91IEMEHTOB KOHCTPYKLNKU M Y3NOB NX COEQUHEHNN»

» HIO «CatypH» r. PeiBnHCK

. paboTbl no Teme: «Pas3paboTka TEXHONOrM MPOEKTUPOBaHUA W
N3roToBMEHNS [eTanen ras3oTypbuHHbIX OBuratenem un3  NofMMepHbIX
KOMMO3MLMNOHHbBIX MaTepMarnos)

> ll3rotoBneHne oOnbITHbIX 06pas3uoB  ©  Bepudvkaums
4ymcneHHbIx MeTogos Digimat

engineering strain vs engineering stress




B KOHCTPYKTVMBHO-TEXHONOMMYECKMIA NPUHLAM ABNAETCH OCHOBOW npw
NPOEKTUPOBaHNY U3LENUIA N3 MONMMEPHBIX KOMMO3ULWOHHbLIX MaTepuaros;

B bnarogapsa cBOMM MHOMOrpaHHbIM BO3MOXHOCTAM MO UCCMeO0BaHUIO MaTepP1aros
nnaTdpopma Digimat ABNAETCA 3(ppexkTUBHLIM NHCTPYMEHTOM ons

NPOrHO3VPOBAaHNS CBOWCTB FreTEPOreHHbIX CTPYKTYP.



Cnacumbo 3a BHUMaHune!
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l/IBaH MaHsak

Benywimin nHxeHep
Cl' 3AO0 "bu INnTtpoH"

Ten.. +/ (812) 740-18-00,

Mob.: +7 (981) 732-09-25
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