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OPTIMIZATION METHOD WITH GEOMETRIC CONSTRAINT

FOR MOLDING USING FICTITIOUS ANISOTROPIC DIFFUSION EQUATION

BASED ON COUPLED FICTITIOUS PHYSICAL MODEL

HE Bk, IiH S48 2

Mikihiro TAJIMA and Takayuki YAMADA

This paper focuses on manufacturing the optimal structure obtained by topology op-
timization using molding techniques, e.g., casting and injection molding. In molding
processes, products cannot geometrically be demolded if undercuts and interior voids ex-
ist in the structure. Thus, topology optimization that leads to a structure satisfying the
geometric constraint for molding is required. In this study, we detect regions that violate
the constraint using a fictitious anisotropic diffusion equation. Additionally, based on the
concept of a coupled fictitious physical model, which overcomes the convergence prob-
lem in the previous formulation method, we formulate the optimization problem. After
deriving design sensitivity and an optimization algorithm, we verify the validity of the
proposed method through a numerical example.

Key Words: Topology optimization, Level set method, Molding constraint, Geometric

JASCOME

1) HEREREGE LY RMER (T 113-8656  XHERXPR4 2-11-16,  E-mail: tajima-mikihiro8@g.ecc.u-tokyo.ac.jp)
2) HIEKZRZR TARAR (T 113-8656 XX PR4A 2-11-16,  E-mail: t.yamada@mech.t.u-tokyo.ac.jp)

constraint, Fictitious physical model, Coupled fictitious physical model

1. ¥5

FARrY—gEl 2D, 52 ohkHlEEO FTT
NA ZARME OMREER IR KT 272012, Filz iR EtEs
ERENZ LR MR —EBELZHFE LRI SBIRE &E
tT2FETHY, ROEHEOHVEERBELTEL LT
HMohtTws., LiL, PEeY—REtickhBoh 3B
WK, BN TBEREZ R SGENZ V. BT,
B o mEERE EEBRAICH T % 729 1 3B E T RER
RO HBHENSWHEEENI RO oS, 20 & 5 REGEE
BT EMAZICHBELTETWSD, SEIETHRICEWTH
65 PR 8 72 R 0 AR DSFEAE L T & 5 1S S22 (K I % 2 8
L 7= B IRE G ER R EIC R 5. 21X, BEEEIETIX
XRD R FEFCHICEWEERS D 2 & &, MEZEA
L2 ARARETH 2728, 2D &K S 7% 2EpHIK %
BRTHIVENDD. Fiz, ZEMNMTHETHVWEEIEY

2023 4 10 A 3 HZAF, 2023 F 11 A 1 HZHE

T, TEPNERD & TAEYICERET Z R WEaIIREm T
TEROVED, 20 &5 RERAFHHNZE RS 208N D
5. zofoBEFEE LT, HEeHHBFicRERRINS
B2V BB H 5. BEIE T, IR U2 MR
ZEBICEAL, HHB X OHECRICHEZED RS 2 & T
HoWReFH BB EERET 2. LrL, WELLBIKRe R
WFET I (T X =Ty b)) SHEHDDFEET 55
&, MEROERL ZeBNTERWV. LEX-T, mEEkE
BLET 5720121, TAZNOBEERFEICE DR MFN
HWEZEBB L R Y —RELIPERINS.

AL TIE, RAENCEBELRTEREHETZ Z2FHED
FTy, BERETOREEE ICEN B coflicE
T3, AHNEESRLZ R Y —RELICEL TV D
D DFATIEA T BN 5. Xia et al.®) % Allaire et al.(H)
1%, w7 vt X% RHE$ % Hamilton-Jacobi D IHE
EXZ I e &2 DO RRZ PLVORRIZERL



7-. Sakai et al.("0) | > B2 HRF B 2 3 2 2 IRAR Y 72
YIS RETE L, FERICHAAGTARS Fv e o NEO BERE
2 BHIRNCER T 2 R E M L. Sato et al. (M) 13 {548
HRBRILET A HWT, 2 —HMAd» ST X 55
BEE&R L. LrL, 2L DETHATREINLFIE
T, ZHMA» SHNAIRErEZE RS 2358, —ARTOR
PEBRLITETILELD 5. U, STERBIZ L 222
HE D,

—75, Liu et al.®® % Li et al.(5) &A1Y 72 L8O 250
DS % W CHER AR FTRE R 28y O 21T o 7. &
512, Liet al.® @AHOR 2 RE S ¢ TRRERKD <5
R—=BREBEZBILT, 7VX—>nv bbBHATREREBIHIK
WER T 2HEBEER L. ZOFIETIE, BRI 2 ZHM
ZRIFICERT 22N TE L7290, ftHEKMEEMFRTE 2
MEdds. LrL, IN60ETHAETIREI AT X
DR SN B, EUERGHHEE REFNReRI2MEYE S
L) O7 ARY PSR REXICHIKFELZD, 2EHH
BORKEIICE o TEIEE LEEZRD 2 DMK TH o
72D 327280, BMAENHIRNICOE R T 2 HE2 BHYIICEH T
ERVEESH -7, 72T, Yamada et al.(12) |32k FE
2RCHRABNRIBEESN 02 LIGEWVEZES X 5 1IceiE L
AR AR SRR 2 F R RE L. Z0RER, FEER
FHEB O IR DK = JITRTFEE 318, MhEM N o 228
ZIELLMIEAEE 7t o 72. LA L, Yamada et al.1?) 02
ZL X TIREN LA FELA RICHERS 2 720, Bl
WERT 27 Y X—T1y P ERETERW.

Z ZTAMZETIE, Yamada et al.('?) 0fRZE L= AR
DILBRBOC BT M % B 72 B 7o R AR 72 B O5 HEEEOT 2K
ZHOWTHAR 2T 2 FE2RET 5. BRI, B
D BT D AARFER IR B AR 2 & 5 ICHAR R B 2 7%
BT 5. ZORE, PEERZITR 7YX —=Hh v D
WHIRMBI BN £ D, IR 728 B 53 1 A3 I 12 Bl
WNER T 2B ERBHTE 2. 72, BAMIEBOTERE
FA W 72 58 (L B8 % Tajima et al.('3) 0322 U 728 K
MywEe 7 kS TtERMEL 2T 5. RENEES
A (010 1L 12) gy USSR E T B D IS A S B
A KBS RR R TH 5. BIKIITIE, Sato et al. (MY
DPRE L BRSO R % Yamada et al.(12) 0EE L7
IR EITINZ T, ARl S BRI 23 2 DIicH
W3 BT HEICEOT e E AR E SIS T 5.
PR DRBHIEE 7 A O ERMTIE, BAENHIFNER
35 (LUF, fil#EKEE) 2 B E LT, 2o
DEZR/MET 2 XS CRET S LT, HIKEERL .
ZLT, WHES 2R T 2 XEARRRTH L NFET L
D HIMBEB e RENEE 710 BB BICRIERES
LTEREITo7. LerL, ZOERETIE, Z20=F
TV DIRREE R O B B R M B I 508 7 a2 X
ALV, —DDERBEMIRICINR S 2 O 53K #74 REH
H5.

72T, EEARAENYEE ST, FIRERERNT
N¥EETLVOBNBEBIENT 2 X5 e RE#E 2t
TERMEEITS. ZORR, WFEETLVOBENEBDO A% K
IMEF 37200 T, BATFERIHIR & Rz U 7 i R R X
BRZIEMWAREL RS, T, XEAERATZOOET L
DREEBSHEMER T2 2 SPRMEOHEICHIRT 5.

LUR, RESERD LS Bl Eh 3. 25T, Yamada
et a1 OB LZL ALY FMERESVE FERY —
REICOWTHRNG ., £/, RFETHS EHar 54
7 v AR/MEBIEDERLEITS . HIETE, MR TE
&L 720 U7 & W AE B A il (BURIRY) oW T A
KINTIBR . HFWTHAREITBEWT, 5 3 BT
MEemts 3 Hke LT, BAEEBOTENE B2 KR
MHETLVERVLFEZREZLERMELT 2. 5 ETIE,
— R 2 AR 7L 0 E R LRI EE D W B & B
BL ¥ a Yy 7547 v 2 /MERE O E 2 K IR
WS BRI WTIRR S, 2 LT, IR0 ME 2 1%
KT 2DICHEHTDH 2 R RENYEE T VKDV TR
BbMEEZENT 2. He6ETE, EREEENYEE S
MzEES W RE R EO BBEB R XA EX» 5, B
AR X DREFTREZEL T 5. BTETE, Rk
AT LDV THRNS. 58 ETI, BERMREUEMEN
Flc kb, RIAKTIRE L Z2FIEOZYUEEMIET 5. &k
2, HIORIHSELT.

2. LRIty MEICESWE RO —REL
2.1. BERHNLEZA
Lkt y MERIZES S PRe Y —EREIco W THE
BN 2. BRENR L T 2MEEY R O 28 (N, E
SERREFEIR) % D, MR Q £ ¥ 5. Yamada et al. (1Y)
DREZLETFHRICESE, Lty M o(z) ZLLTO
XOWCERT 5.
0<o(x)<1 if xeQ
P(x) =0 if xeoQ (1)
—1<¢(x) <0 if x€D\Q

CDrE, MBI 2 RTRERBR xo ZUTO X5 ITER

T5.
1 i >0
X¢:{o it $<0 @)
FRR Y —RiELDEARNIRE X5, MRS ERETE
Br L, HOUBEK J ZH5/ME (D2 0WidwRK(b) ToMEL
ko bEE e LT, fEakdEbiEEzEXMbs sz
TH2. FTLOBEMMEBEZ R T 2B j(u) ROR R
o % I THERE BEL BN L R O & 5 I ERIL XN 3.

min Tuxe = [ a2 @)
Xo D
subject to: Governing equations for u (4)

BT, LRty PEBOERHIECOVWTARNS.
Yamada et al. (") (JAAERG AR ¢ WA LT, LALE Y



FEBOEEERMFERGERCL DB L. ZOFEE
O, Lty FEBOERZ LT O ISREOT RN T

f15.
dQ
Oz, t) _ / —TL*V?¢(,1) Q)

ot / BALS

772U, K e RY EHHIEL, 7 RYIZERMLGRE, L cRT
BREEX, J 3EFTEETH S, FHNLGRE r 2S5
3 Z eI X D GEFEIROBRM NG 2HIMET 2 e
WREY 5. FEE R (Y 2 E W,
2.2. FHYAYV T4 72 AmIMEREE

RFFETE, bERY—RELORERNRBEAG 2 LT
EayFo4 7y ARMEREEE X 5. [EE KA EE
D NERCHERE Q R OIEREREE D\Q 2 EFR L, WiEHE
BUEHE AR HEERTHREIN 2 D T35, £, R
I, €0QIBVWT, ZhiFudbEorrid kdIZEefK
FTRABEREMROERD, c 00 ICBWT, KEHt % ART
BHALNEHRT. o &, FEHOTAZRELLZEAED
EMGu BTGy 547 v R/MeBEO BN
MR OB ERNEM R LS wwER LI 3.

inf J(u) :/r t-udll (6)

X

subject to:

—div(Ce(u)) =0 in Q
u=20 onI'y
—(Ce(u)) - m=t only
—(Ce(u)) m=0 only

72720, nidER OO OBAERNZ b L THD, I'y =
IONMLUT,) TH5. £, e(u) RPCRRFHLTAH, #
WrryrThHh, LFOLSICERIND.

e(u) = %(Vu + V') ®)
Cisnt = B (ot 0 0mt + 0ty Gindi + 6ain) ) (9)
727U, ERY > 0F v3R7YUVHTHS.

3. BIRICH T 2R AEMHIKN

FRu Y —-REIC kDB SN D ROFEINCHEMELRET S
EEALRROBE I CH L 2FIRO—D2 LT, #HiEqt
BB Wo oM ERAWIRBEEEZ 5. M TIE, =
DO EEGOE TTELZEZRE IR O MR % FEH
L, BEXELBCEHEEWMOA L THEREROHT 7o
LA THET 2. MoMBEERER OIS L AT
BIFE, @REERTEREIRIEREERECREEETE
BREAH B, L, M1b) RT LS, BEREA
FICE D AT & & BIEMICEH LT Y X —Hh v bz
HAHFET 256, MATETREMERDET 2T
ER/nR ;@;at&ﬁ?%tﬂ%%mﬁ%tﬁA ZD7-
B, 7VR—=7hy bRHRZEI G PFE LR VREBIKRE S

N2 XIMHHEER L P Re Y —RELOFEIRD
5N%.

Mold Mold

<

(a) Open/closed direction
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(¢) The regions violating the mold constraint (vio-

lation regions)

Fig.1: The geometric constraint for molding. Undercuts
and interior voids surrounded by dotted lines cannot be

demolded.
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Fig.2: Problem setting and boundary conditions.
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Fig. 3: The regions G(p, x) that violate geometric con-

straint at each diffusion coefficient in Eq. (11).
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Fig. 5: Fictitious Young’s modulus E¢(q, X).
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Fig. 7: Optimal structure obtained after 500 steps with-

out the molding constraint.
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Fig. 9: Optimal structure obtained after 500 steps with

the molding constraint.
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Fig. 10: Changes in mean compliance by step with and

without the molding constraint.
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Fig. 11: Changes in area ratio by step with and without

the constraint.
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straint by step with and without the constraint.
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Fig.14: Optimal structure obtained after 500 steps with-

out the molding constraint.
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Fig. 16: Optimal structure obtained after 500 steps with

the molding constraint.

10

x10

—-—- without geometric constraint

(@)}

--------- with geometric constraint

~

\}
i
|
|
i
i
i
i
i
i
i
i
i
|
|
|
i
|
|
|
i
i
i
i

Mean compliance

0 100 200 300 400 500
Step

Fig. 17: Changes in mean compliance by step with and

without the molding constraint.
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Fig. 18: Changes in area ratio by step with and without

the constraint.
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Fig. 19: Changes in regions violating the molding con-

straint by step with and without the constraint.
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