Poccunckune CAE-cucrtembl

2020

Ha crny>x6e NPOMbILLNEeHHOCTHU

Tononornyeckass onTuMmm3sauuns —
Oonbluas KpacHasa KHOMKa U HoBoe
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NPOYHOCTHOro aHanusa?

Mpokonos Bnagumup
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Llenu v 3apauu

NMpoekTupoBaHMe ONTUMAlIbHbIX KOHCTPYKUMA C Y4YeTOM HOBbLIX W pa3BUTUEM
CYLLEeCTBYHOLIMNX MPON3BOACTBEHHbLIX U BbIYNCIIUTENbHbIX TEXHOJIOMUHA

NMoBbiweHne 3HeproadppeKTMBHOCTU NMOSTHOIO XXU3HEHHOIro LUuKra nsgenus

ObGecnevyeHUe KOHKYPEHTOCNOCOOHOCTU NPOEKTUPYEMOU N U3roTaBlIMBaeMoun NpoayKumm

3apaum:

> [lony4ntb cunoByo cxemy (CUnoBble
NNHWN) NPUHUMINANbHO HOBOIo
n3genus

» Onpepgenutb pesepBbl Mo 0brier4yeHunto
CYLLECTBYIOLEro N3oenvs

» YBUOETb NoTeHumMarnbHble BapuaHTbl
YNPOLLUEHNS KOHCTPYKLWNMU:
cnoxHasi cbopka -> B eauHas getarnb
CNoOXHas getanb -> B MPOCTYH COOPKY




ALTAIR complex, crash relevant
vehicle front structure of a VW
CADDY | youngtimer

https://www.assembly
mag.com/articles/949
BMW 3D PRINTED 84-generative-
design-software-is-

design-process



https://altairhyperworks.com/industry/Heavy-Industry-Off-Highway
https://www.assemblymag.com/articles/94984-generative-design-software-is-transforming-the-design-process

http://www.topopt.mek.dtu.dk

https://techxplore.com/news/

2017-10-supercomputer-tool-
optimize-airplane-wing.html

http://parametriczju.org/2018/06/11/topology-
optimization-minimal-surfaces/

https://www.altair.com/customer-
story/zaha-hadid-3d-printed-chair

Master of Science Thesis
TRITA-ITM-EX 2018:724
KTH Industrial Engineering and
Management
Machine Design
SE-100 44 STOCKHOLM

5

https://www.ansys.com/blog/top
ology-optimization-weight-
automotive-design

https://mww.google.com/url?sa=i&url=https%3A%2F%2Fwww.ansys.com%2Fproducts?
structures%2Ftopology-
optimization&psig=AOvVawlJ_L68kb7vS7dKOEZb_0zg&ust=1589648043002000&source
=images&cd=vfe&ved=2ahUKEwjI29HIqrbpAhWDjYsKHTIiBkIQr4kDegUIARCgAg



http://parametriczju.org/2018/06/11/topology-optimization-minimal-surfaces/
http://www.topopt.mek.dtu.dk/
https://techxplore.com/news/2017-10-supercomputer-tool-optimize-airplane-wing.html
https://www.ansys.com/blog/topology-optimization-weight-automotive-design

MATM

HanpaBneHunsa ncnonb3oBaHUSA

NMpoekTupoBaHue HOBbIX U3aenumn, OnTMMMsaumsa cyuwlecTeyroulero
nccregoBaHue CUIOBbIX CXeM o6opyaoBaHusa/paborarowmx nsgenmm

OnpeneneHue obnactum
NPOEKTUPOBAHMS, MOCTAaHOBKW 3a4auu,
rPAHNYHbIX U HaYyaslbHbIX YCOBUW

l

MK3, anroput™m ontMMmnsaumm, nocT-
obpaboTka pe3ynbTaToB

l

NHTepnpeTauusa pe3ynbTaTos,
KOHCTpYKTOpCKas obpaboTka,
NpoBepoYHble PpacyeTsl
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AnckpeTHas NOCTaHOBKAa 3ajauun
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2%

g

noctobpaboTka, K3-pacueTt

KonnyecTtBo

MaKCMManbHOro?

Aa

nTepaumi
MeHbLUe




00000000000
.

50000

NMpobnema
«waxmMmaTHOM
JNOCKU»

Ooooooooooooood

TexHonorus

74 MM

Rmin=6




W\ AINMM

OAlHO 3arpy)eHue

F1 i
on o,
OAHO U3 ABYX TR 1 Reini
3arpy>eHun .
: fHH R e T t T |
F1 A I:> L., ) . v
on OAHO M3 ABYX 3arpy>XeHun
F2 e
KOM6uHauuna %
3arpy>xeHum = NS
F1 z e =
ornl {
F2 10




TO 6e3 HensMeHsAeMbIX 3JIeMEeHTOB

MoBTOpHOE 3apaHMe I.y.
nocrobpaboTtka M OUuEeHKa NMPOYHOCTH

TO c HeM3MeHs1IeMbIMMU 3J1IeMeHTaMm

nocrobpaboTka

=)

oLeHKa
npquocru

SVMéH/ 2]

5366
7 835
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5734
5.183
5 632
5081
453
3979
3429
2876
2327
1776
1225
06744
01235
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[locTaHOBKa 3aga4n

174 Bepcua Npoaykta
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MuHnMunsaumsa maccbl + orpaHu4YeHue HanpsKeHUN
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TexHonorus

Ob6bem

Macca

XKecTkocTb

MNepemewieHne (DOF)

[NepemelleHne (HanpaBneHue)
B3anmHoe cmelleHmne

HanpsikeHue B anemeHTte (SVM)
HanpsikeHue B rpynne anemeHToB (SVM)
Peakuuns

O.C.

Llenesas doyHKums
Makcummnsanms XXeCcTKOCTU C orpaHndeHnem obrLeéma +

OrpaqueHme 1 (MUHUManbHas TonwmMHa, CUMMETPUS 40 3X NNOCKOCTEN)
OrpaHunyeHne 2

HenunHenHbIN onTMU3aTop

OrpaHun4yeHne 13 . MaKkcuMn3aumst XeCTKOCTH C orpaHuyeHem obbéma

MI/IHVIMI/ISaLl,I/IFl MaccChbl C orpaHn4eHmnem Harlpﬂ)KeHMVl
MunHnmMmanbHasa TonwmuHa
MakcumanbHas TonLwuHa
CummeTpug

LLITamnoBka

OKCTpy3us

34 nevatb AONOSTHUTENbHOE

MuWHMMKH3aUNA B3aUMHOIO CMeLLEeHNS OBYX TOYEK C

OrpaHquHme OorpaHnYeHneM Harnps>KeHUn
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NocTaHoBKa 3agayn (MaKc. XXeCTKOCTH): NocTtaHoBKa 3agayum (MMH. Macchbl):
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OrpaHuyeHune peakuum

(min EKOHCTp

N
z m; (p) < 0.5M,
1

Rz,(p) < 11000H
\Rz,(p) < 11000H

be3 orpaHMyYeHus peakuum B onopax C orpaHnyeHMeM BepTUKaribHbIX peakuum B onopax

PC. 4 PC. | PC. 4

8608.3H | -8608.3 H 10823 H -9840 H 1148 H
88057H | -8805.7 H 8982 H 353 H 9459 H 110797 H



OTKNUK «nepemMeLueHne»

NMpboekTpoBaHUue «ynpyrux MexaHn3moB»

max U
N

z m; (p) < 0.35M,
1

min AU,
N

z m; (p) < 0.50M,
1
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NMPUMEHEHWNA:

ana 3agayd € CMMMETPUYHbLIM PELLIEHNEM!
® YMEHbLIEHNE YNC/Ia NMPOEKTHbIX NEPEMEHHDbIX
® [apaHTunda CUMMETPUN

ana 3aga4d4 ¢ HECMMMETPUYHbLIM PELLEHNEM
® BO3MOXHOCTb CA€J1aTb €ro CMMMETPUYHBIM

[0 3 nnockocTen CUMMeTpUmn

CummeTpusa

20
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McxopgHaa 3apava 6e3
OrpaHuYeHun

NleomeTpusna c
YYETOM
HanpasJieHUs
LWITaMMNOBKMU

LLiItTamnoBKa
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JKCTPY3UA
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McxopgHas 3apava Rmax=3'1MM
6e3 orpaHMYeHumn
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UcxopHan 3apava
6e3 orpaHMYeHun

VT
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e Pycckun motouumkn

UcxopgHaa 3apgava
BapuaHT UCNOJIHEHUNA

g = 130.--~ =
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K3 mopens,
NPOCTPAHCTBO
NpPpoeKTupoBaHUA

Pe3ynbTaTtbl
JINHEUHOoro
CTaTU4YeCKOoro aHanusa

SYM[H2], SVMIHA2]
68,77

53.23
77.68
7213
B6.59
61.04
55,49
49,95
44 4
38.85
3331
2776
221
16.67
11.12
5.576
0.02932
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.
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.
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. . v QAN .
% = . .
TaBnnua: Harpysw na yanel 3arpywenue: Samyxene D
Tpoexum
N Tun Howep yana Hax na Haz Mogyne
0 cwna, H 287712 0.00 7500.00 4754.00 8879.78
1 cwna, H 287709 0.00 0.00 240000 2400.00
2 cwna, H 287710 0.00 0.00 240000 2400.00
Tabnuya: Harpysi Ha yanel 3arpyrerive: 3arpysenie 1
Mpoexum
N Tun Howep yana Hax Hay Haz Mogyne
0 momenT , Himm 287712 0.00 290.00 000 290.00
1 cwna, H 287712 1000.00 600000 4000 00 728011
2 cwna, H 287709 0.00 0.00 2400 00 2400.00
3 cwna, H 287710 0.00 0.00 2400 00 2400.00
TaBnaya: Harpysid Ha yanel 3ampywenve: Sarpysenie 2
Tpoerym |
N Tun Howep yana | Hax [ Hay Haz | wogme
| of cuna | 287712 0.00] oo 250000 250000
TaBnuya: Harpysid Ha yanel 3ampywenve: Sarpysenie 3
Mpoexum
N Tun Howep ysna Hax nay Haz Mogyne.
0 cwna, H 287712 -1000.00 6000.00 400000 726011
1| moment , Hrmm 287712 0.00 -290.00 0.00 290.00
2 cwna, H 287709 0.00 0.00 200000 2000.00
3 cwna, H 287710 0.00 0.00 200000 2000.00

SYM[ 2], SYM[Himw2]
62.34

77.19
72.05
e5.9
61.76
5661
51,47
4632
41,18
3603
3089
25,74
206
15.45
10.31
5.165
0.01992

SVM[HAm2], SYMIHE]
19.95

187
17.48
16.21
14.96
1372
1247
1122
9.979
8.733
7087
6.241
4,995
3.743
2503
1.257
0.01047

SYM[Hmw2], SYMHwr2)
73.48

63,89
643
59.71
155.12
150 .53
45,95
4136
13677
32.18
2759
p<|
18.41
1382
0232
4643
005333

Pycckun motouumkn

KapTbl pacnpeaneneHus
SKBUBaJZIEHTHbIX
Hanps>KeHUuM

29
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KapTta pacnpeaneneHusn
06bEMHOM Aonn
(«nnoTHOCTN )

Marepuan Heob6xoamumo MaTtepman, KOTOpbIi
OCTaBMTb MO>XHO y6paTtb




NUcxoaHaa reometTpun
HOrM BWUJIKM, AN3aWH . .
KOTOPOi1 He06X0ANMO Pe3ynbTaTtbl pacyérta TONOJIOrM4E€CKOU ONTUMU3aumm,
COXpaHUTb nocsie noJsiyaBToMaTu4ecKkom nocrob6paborkm m 3
MHTEeprnpeTaumMm KOHCTPYKTOPOM — KOHCEpBaTUBHbIU

noaxon

YnpouwéHHas

reomerpus

31



I\ AINMM

N
V3es1 B KOMNOHOBKE HecCyll e CUCTEMBbI . .
Besgexoaa 6x6 C LWMHAMM HU3KOro aasneHus I[1€PeAHnn cunoBoun ysen KAMA3

ke

BuUpTyasibHbIN L
aBToMO6Mnb: (Harpyskm) 3aaHui CMNOBOI y3en I lgi

32
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W AMM L

banaHcup noaBeckn Be3gexoaa BXB  cunooan ceens sanancnpe nomsecen

BupTyanbHbiii CTEHA AJIS pacueTa HarpysokK Ha BapuaHT 1:
3aaHI00 6anaHCUPHYIO NoABECKY

UMNopTHPoBaHHLIA pesynbTat: motion_1-solution_3-balansir_r-balansir_vdovin_fem1_sim1-balansir_flexbody_103 ."_m
Cnyuait Harpy3km 1, Mpupawenne 92, speMa = 7.280e+000 s
MNoctynatensHas aedopmauns - Mo y3nam, Benuuuna

MuH, : 0.040, Makc. : 2.517, EAMHUUbl = MM

Aecoprauus : MNepemeuy - Mo y3nam Ben

I 18.91
17.33

&= 1575

14.18

12.60

BapuaHT 2:

EavHnubl = MM







KoHCTpyKUuna cBapHoro 6anaHcupa




Mexay 6anaHcMpoM U onopomu 3apaHo
KOHTaKTHoe B3aumogencreme —

MaTemaTn4yeckoe mogenumpo

+

Y -
Eos

1
AT

LTI TP T

iy S 4
Lo
T

T
T "FL_Tf =

1

T

F

I

T

Ycunue 30 T NpUOXeEHO K BEpXHen YyacTu
= KpOHLUTEeMHa 6anaHcupa
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CpaBHeHWe U3MepPeHHOro ¢ UCNOoNb30BaHUEM TEH304aTYUKOB
HanpsXXeHWUsi C PacY€THbIM
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36,94

Cnyyan Harpyska F
HarpyxeHusa Bgonb TArK, H

3H +141 250
MH +161 260

KpoHwTenH
TAara
Cunoso# kopnyc

3akpenneHne KpPoHLWTelHa B 30HE NOCTAaHOBKW BONTOB
coeflMHeHus ¢ KopnycoM (3)

Harpy3ka F peiictByeT Boonb Taru. B pacuer I'IEIMHMMaIOTCFI
CNyyau Harpy>xeHus Ha akcnnyaTtaumoHHelie (AH) n
npeaensHele Harpy3sku (MH).

MNonepeyHas coCTaBAAKLWAA HArpy3KKU BOCNIPUHUMAETCS
wrucTom (LU).

CeoiicTBa MaTepvana B pacuyeTe ynpyrve.

oym = (0,9%00 2 min)

oym = (0,9*%0g min)

Moayne ynpyroctun = 200 000 Mflla
MnotHocTb = 7800 kr/m3
KoadduumeHT MNMyaccoHa = 0,3
Mpenen npoyHocTn He MeHee 0B_min = 1310 Mlla
Mpenen Teky4yectn He meHee 00,2_min = 1170 Mna

40
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B
AdeTtanb B cocTtaBe
KOMMOHOBKM

Pe3synbTat ontTuMusaumm

MPOEKTUPOBAHME KPOHLUTEMHA
TOMONOINMM4YECKAA ONTUMU3ALNA

KonunuecTtBo anemenToB: 180170
Konunyectso y3n08: 110610

B pe3synbrate onTMMMU3aLUK:

1. Macca KOHCTPYKLMU CHUXKeHa Ha 69,8%

(c 3,03 kr no 0,92 Kr)
2. KOHCTpYKLMA BblAep}KMBAeT MaKCUMaJibHble

Harpy3Ku ¢ MMHMMa/IbHbIM 3aNacoOM NMPOYHOCTH -

n=1,069. NMpoBepouyHbIN pacuer
3. HennHenHbIM pacyeT Npu CxKaTUM NoKasan :

OTCYTCTBME NOTEPU YCTOMUMBOCTU 3/1IEMEHTOB
KOHCTPYKLIMWN KPOHLUTEMHA NPU CKATUW.

4, JencTeylowme HanpaXeHUsa nopaaka npegena
NPOYHOCTU TUTaHa BT-6, pekomeHayeTcA
NPUMEHUTb TUTaH B KayecTBe KOHCTPYKLLMOHHOTO
marepuana, Tem CamblM CHU3UTb maccy ewe B 1,4
pas3a 6e3 notepu NPOYHOCTU.
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[ToBOPOTHLIN KyNaK He3aBUCUMOUN NOABECKU
aBToMoouna knacca «®Popmyna CtyaeHT»

O6Lwunn BUA KONMECHO-CTYNUYHOrO y3na 6onuaa.
1 — NOBOPOTHbIN Kynak, 2 — cTynuua Koneca,
3 — BEPXHUI pblvar NoaBeckn, 4 — peakTMBHaA Tara NoaBECKU
(Tna «nyn poa»), 5 — HWXKHUK pblvar NogBECKN
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[TOBOPOTHLIU KynakK He3aBMCUMOUN NOABECKMU
aBToMoouna knacca «®Popmyna CtyaeHT»

1. Hoﬁop-c-rr 2. TopuomenHe 3. TloBopor + 4. Tlosopor pyma
Topumomenne
Hogmunems | Peasuma sgone ocl, H | Peasmmi soome ocH, Peaxnma sxome ocu, H Peasmma exome ocw, H
H
X T Z X Y Z b T z X b § Z
BryTpenaui ] 0488 0 0 910 | 625 0 o978 300 203 498 573
Bremmmit | 2155 | -9488 ] S366 | -4144 | 556 | 2155 [ -12488 | 525 326 -543 | -614
TaETeETHATE 0 0 0 0 4333 0 0 4092 ] ] 0 1]
HIE
CHIA B
OEHTpe
IATHA
EOHTAKTA
TOpMO3a

O6Lwunn BUA npocTpaHcTBa
NpPOeKTUpOBaHUSA

Bup co CTOPOHbI KOJieca




[ToBOpPOTHLIN KyrnaK He3aBUCUMOU NOoABECKMU
aBTomMobuns knacca «Popmyna CTyaeHT»
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[TOBOPOTHLIN KynakK He3aBUCUMO

aBToMoouna knacca «®Popmyna CtyaeHT»




2019 USACM Thematic Conference Topology
Optimization Roundtable

dopmupoBaHume K3

3agaHue g
Mo4enu, BolaeneHue A [MpenBapuTenbHbIn
CAD-Mogernb g pacYETHbIX - :
NHTEPAENCHbIX NPOBEPOYHbLIN pacyeT
N cny4vaeB u
obnacten n obnactu y
3aKpenneHnn
NPOEKTUPOBaHUS
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OnTummsauums,
OLleHKa pe3ynbraTtoB

-

2019 USACM Thematic Conference Topology
Optimization Roundtable

UUUUUUU

EEEEEEE

DDDDDD

AAAAAAA
DDDDDD

000000

0000000

MonyyeHne HoBon KO mogenn,

NHTepnpeTaums pesynsraTos MpoBEepPOYHbI pacuéT
onTMMmM3aLun
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Korga v roe NMPUMEHATb TONOJIOrN4eCKYyro OoNnTUMUN3aLINIO.

v/ Ha paHHUX cTagusaX MPOEKTUPOBaAHUSA CUIOBbLIX KOHCTPYKLUNA:
 [Mounck onTumanbHbIX NyTen nepeaayYm Harpy3ok B CUMOBbLIX CUCTEMAX

* CWHTE3 CUINOBbIX CXEM C Y4ETOM KOMMOHOBKW AeTann B 06Len KOHCTPYKLMN N30enns, ¢ yH4ETOM TEXHOMOMMN N3roTOBIIEHUS
v/ Ha NO3OHUX CTaauAX, Korga «novYTu HNUYEro Hemnb35 NOMEHATbY:

* YBernun4yeHue XeCTKOCTU U NPOYHOCTU AeTanen 6e3 yBernmyeHust Maccbl 1 rabapuTtoB, C y4ETOM TEXHOSTOMMU U3rOoTOBMNEHNS

* YMeHblUeHne Macchbl geTanen ¢ MUHUMaribHOM NoTePEN XEeCTKOCTU U NPOYHOCTHU

*  MwuHMManbHO HeOBXOAUMbIE N3MEHEHNA KOHCTPYKLUMKN NPpU 3aMeHe MaTepunana

(Hanpmmep, yBeJin4eHne rnpovYHOCTn 1N XeCTKOCTHU Npn 3aMeHe CcTalJin Ha alitoMMHUEBDbIE CrlJ1aBbl UITA KOMI'IO3I/ITbI)

Bbigarowumecs pesynbraThl pabot aatot (6e3 npMMmeHeHUA agAUTUBHBIX TEXHOMONMM (a.T.)):
» 30-40% cHMXeHMA MacCbl HECYLLUNX KOHCTPYKUMA BEe3 CHUXEHUST NPOYHOCTU U XecTkocTu (4o 70% c a.T.);

> B 2-5 pa3 noBbllLEHNE }XECTKOCTN N NPOYHOCTN 6Ee3 yBENNYEHUSI MaCChl;

» VN3MEHEHME HM3LWKNX COBCTBEHHbIX YacToT B pa3sb/ (AdhdeKTUBHAsA OTCTPOMKa OT pe3oHaHca) 34



HanomuHaHue

Heobxoaumo
npeaycMmoTtTpeTb IBce!
pacCyYeTHble Cc/Zly4dyaun U mux
KOMbuHayuunl!ll
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KoMmnauuna HTLU «ANMM»
(Hay4YHO-TeXHUYEeCKUHN LeHTpP)

MockoBckas obnactb, r. Kopones
OkTa6pbCckun 6ynbBap, A. 14, odbuc 6

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru
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