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Data-driven topology design is a sensitivity-free structural design methodology proposed by the authors.
It is a type of topology optimization and its basic concept is to update the material distribution in a given
design domain by using a deep generative model without the sensitivity information. Data-driven topology
design is promising because of the sensitivity-free nature, however, the previous implementation proposed
by the authors has a limitation to the scalability. This is because that it is impossible to learn the deep
generative model for the case where the design degree of freedom exceeds about 20, 000. In this paper, the
authors propose to incorporate the principal component analysis into data-driven topology design to resolve
this problem. The authors aim to reduce the design degree of freedom for representing the material distri-
bution by using the principal component analysis. To confirm the usefulness of incorporating the principal
component analysis, the authors also provide some numerical examples.

Key Words : Structural Design, Topology Optimization, Data-driven approach,

Principal Component Analysis
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In recent years, advances in additive manufacturing technology have made it possible to print composite
rubber structures. Rubber structures play an important role in damping vibrations or absorbing shocks, and
additive manufacturing technology is expected to improve these performances. This research proposes a
topology optimization method using a basic material model to control dynamic viscoelastic response. A
density-based material interpolation scheme and sensitivity analysis method were proposed, and numerical
optimizations are conducted to suppress deformation in different frequencies. The optimization results show
that complex typologies are obtained by considering viscoelasticity and inertia.
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Various performance requirements of tires depend on the tread pattern, and the integrity of the aesthetic
design aspect is considered to be an important evaluation index. In this paper, we propose a method to
quantitatively evaluate the design of tires based on the geometric features of the tread pattern, and incorporate
this method into a data-driven topology design to develop a multiobjective optimal design method that takes
into account not only mechanical evaluation indexes such as tire stiffness and hydroplaning performance,
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but also aesthetic design.
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W R BEMEDRHCERE Y 25, ZOHRBEIC K MY
WS DRERFETVS L ZADEETHD, EEDR
JKICH PR SE Z 2 2 L DRI 72 5k 0 Tl
WCORNBEEZBNS. F I TR TIIHEMEY
% H\W7z SD tEICE D BRI 81 2 AMdE O [
BERL, Ly FRZ—VOEFENZERL -t
BISDIC Ly FAAR—VOYHEE L L THMA2
FRHEICE B L BIE 25T 2 FIE 28R T 5. H#
W2 % AWz SD HEIC KD M E 7L & O
B & 72200 & R R 3T 2 e TRIER
I3 2 DICEH L TW3 e E X S 2 EMERIAREIC L,
TOEIR Ly & — 2R LT BRI
BITZ5 X515 5%.

2. Ly RNEZ—2DFKETRRE
1 Ly RREZ—2OsE

Ly RREZ—VOEREREE LT, I Fa L —
= 7VERe), THIE) - BREMERE ), Ta—J 1) > 2 MERE,
FERE ), TREERENE), TMEREMRE) 2E0H 5. b
Ly RRE—VIZHERZIT BRI ZHICE->TE
D, BIRZNSTARNTEEELTIL Yy RAX—VDFK
W Z2ITS DI LWV, LEdo TERIMNTS LR ET
HEY XNZMAEL L TASETE, (A Fr 7L —
=Y 7MERE ) v THIE) - BREERE ) 02 o2 MH LE X
BrZred 5.

2 rLYRNEZ—CDER

L v FRZ—VidREE DR EZT TR, T4
e LTORENETHZEENEZED 2REIDR-F.
FLy FRX—VDTFHFAL VICBIFZHL VWAL LT
HBOFIRZFD D DITHEEN D D, ZADEITIEREEICE
KB ERNIET D, T U 2AET S L THA
REFERERBLRINUIR SRV, LEd-T, BIE
HEERT I TFFRD AR kb, F2E
IEPESHSRENE & B2 D E B R AN EE L <, ®WAD
BXETHAF—DBEKFLLI VI ZIC LY
RRE—=EZDEHR T A R 2RZET
HEEDMREE D OB TEET 22205, o
mEZAEERZ L WS BKRICBWTTY A 2 LT
DEENERDZDEND 3.

3) =RBELLMEL L TOEXMERER
Ly Fo&— Y ORREHRIE & U TR & 72 HEREFEIE
DBIFEL, TNOPEMLE L — A 70BRE o T

BBEEETHHER

WA 7D ERHEEE —REICEDOLNSE L IEESL . L
72BoT, FLy F&Z—r DK E%ZZ HERE
b LTERML L TE R, Rz L — bggE
HrLTKkDd, TRLEFUTO@EYTHS. 72751,
(1) BiCH BT8O ARBFFETH S REIE [NA4 Fa
L—=r7MRE) v THIE) - BREMERE) 02 DoTHD,
HHREr R THEEL UCENEL F HEAN F, 2 H
W3, F/MERTEY UTERET 2 7= D1 HEmI M 1x-1
EFTbDERoTWS. BEHEE p 1 13500[pixel]
OB e L, B TRHINS. £/, KAif
%Tbiﬁﬂ’ﬂﬁgﬁ@ F] ,FZ 0:%h%ﬂﬂ%j{1ﬁ FlmaxaFZmam
ERIFTVWS.

find p @))
minimize F(p), F2(p) 2)
subjectto0 < p <1 3)
Fi(p) < Fimax (4)

F2(p) < Famax )

@ T—EERBENROD—-—FTH1Y
a) FHEFIRE
(3) HiITER L2 Z HIRE LB LR 512 k- T
REINTVE T —XEH bRy -7 1 v 2] &
HWHT2Z2ThLy RXZ=VOREETS. O
FETE, SXICOEBGT — & 2 RRITORBIEZEENC
e LIAD Z E TERILT — X O Z IBTE AR
HI 2B TEZESA— x> a—4& (variational
auto-encoder, XA~ VAE) ZHW5.
BRI Ly FAAX— VGO FIEELI RO b
TH5.
STEP1 n 18 @ f# (P),P,..P,} O HMES
PINITIAL = {P],Pz...Pn} %ﬂﬂ%ﬁ?‘% /f &I/"‘
YalBliki=02T 5.

STEP2 AN ENREFITEENDERRE—VFTRTIZ
DWW THBEBEZFTHE T 5.

STEP3 STEP2 T3 oh7-HWEEEZ S L, L%
bORTY— MRES PL,, L LTEKT 2.
T T, Prppldi=0DBEDH Piyiriar, OF
2B, i>0DHER P, P, D5
s 3. BHRAFEOFHME ) HTHENRS.

STEP4 fa] & 2> DYCHRHIE Z T W13 IR L C0iud i
BEETEEKR T3 2. [CRLTWARTIE, A
2L —a i DfE% 1 <L STEPS N
e, ABIZETIE, 4 XL —2 a Y8005 150 12F
ELURECRIEERTT 5.

STEPS |Py),| fHDf#E%E K17 —2 & LT VAE Z2¢#
HD. BEERZEMDPS Y E LY T
YIF D THRRROEE P, BHIL,
Zh%E STEP2 AND A& LT STEP2 NR 3.
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g
-
]

N S [ 7

-1 #HAfR

TR XD ZHNBRELZ1T 5232 O % £ TIRERREHE
P Z RS & TR DY S % L Vo TRIEFH 2
HlRZRAFICZ 5. BEEMEZEITIHREE LTEG, &
HIFRAY G, ZERA L, TECHRAY), DRCHiERAY, DH
TEMNL, ETERK] 04205873 TER
TUHIFISRMAE TS, 2555 e THREEREN, 2
ORIECE LT ERDZ e TES. HlZ
3 MR 2R T X (©), DDED
27 %.

subject to 0 < G1(p) (6)
0 < Ga(p) @)

b) FIHARE

K 1DXIWEBRORGD Ly RARZ— % 268
MHAEL, ZhozyiiEr 3 5.
¢c) I)—rREDEKRAE

AL TITEEN 7 LT Y XL D—FETH 5 NSGA-
6] THWHRTWAERKICEE R MZ /- AET H
WTESH % 5§ 5. NSGA-II TiX, FEEBY —
I (non-dominated sort) ¥ {RHEEICED < YV — M ZHHA
BOETEKEZITOD, BMETIEIR L, VAE OBTE
ZERNCBU IR X - THEEKRT 5. ZhuckD,
PEEDBR L, SL— bt 78y MOEL 2 OZHR & —
Ve R BREBE LU TERT 2 2T 3.

(5) FPROTIO-—F

Pl R —YDOREZFMS 2 5/TH5E e LT
1% SD ik & #Ik 7 E & Al A G D T R E T v
X BFHETIE 31 23D 553, Z DITIE TS D2
FICHWE X5 82— THIUTHEE L 7= B0 2
TFUZ & iR IEREICITZ 505, B W
R olz &k DR — Tk U TSR U 72 LR £
T &K o TEHlli T8 S & ¥ 3 L iHli{ED 4K T4
ENBIRNEHEPSHTNTLE D ARESDHZ. 22T
AL TIXAATIRGE T O RRMERHiE 7L e M %2 b D
IO EREZFET 272D Ly K3&Z— D%
ERREME L, BUNCHAEDES Z2TEYD X
S MLy KoK — 20 LT BRI EIR % 5T
TEHIEERET 5.

BBEEETHHER

3. BUFMSHMICEBLIZNL Y RAZ—20ERER
HETILDIESE
1 FIE
AFETIRE T 3 EIEDFHIIERD X 512175
STEPl 77— %7570 D Ly KX —VDH|
BEREST 5.

STEP2 FHMiiRE Y L THNREZFMT 2DIZSHZIH LWV
LERONBEFXTEHERT 3.

STEP3 i L 72 WEIFIZDOWT-2,-1,0,+1,+2 D 5 B
ThLy RRRXR—=VEFHIT 27 >0 — b 24T
5.

STEP4 & FL v RAR—IZT7 V4 — DGR 5N
MMBIFLTTF—&ty S 2IERL, WS %
HWa Z e CREFHMGE TV EMERT 5.

STEP5 HESE L 72 M3l 7 0 c X 2 2D & EIE
PIHMET 2D L2 Ly Ro&X— 2 DEefr]
FRRECE T S 5.

STEP6 RS L 7= F L e OHEN RS &< 7
% X ST U 7= 38200k (EYEARRE AT
W& - THYNCHASDYE 3.

(2 BAFRAAHZa—FIIRy bT—UZ AWM
fE T IL DB

7 —MIk 3 Ly P& — 2 ORMRH{E % 5
B L, REID &R — N8BV 2 BN FHilliflE % HeE 3 5 72
»IZ, BAHIAA=2—F )% v b7 —2 (convolutional
neural network, XN CNN) W3, KL THWS
CNN D4y b7 =217 ¥ — MZ X 3 BEMRHTifE %
Z LT L7z 75%180[pixel] D k Ly Fo8& — > D
B ANT—2L L, BAAAREBEL =Y Y ITEDR
7 5E#EDIEL, EFMEEICEDEEIh, &EN
W1 DOFHiEEZHI ST $2ETNATH 5. @FEE
1ED 7212 dropout JE % 3 fEFTICFERE T 5. HHE(LEIEL
L THMEEICIEE T ReLU B 2R L, H1EIC
13 softsign BABUR 3 2. KRB —FiiE
(mean squared error) & L, #HHEREELE U CFIFHENER
72 (mean absolute error) R 3.

(3) HAFHEBHIC K 3 ERTME

REIE % -3 2 72 8 O R 2E RS & 5 2 A1k
YLTC, T 1 Om§E (2) i CHEE L -5 %
W72 BT £ 7 LRI L, 2 ORI 12l
25, WOEZREFL Yy RAR—VEBETZZ LT
BEIEOFMEICBER L TW3 & Bbh 2 R 22r R %
T 5. ROEREE M LR, SRS T A
WM AT T L OMBEANRTE R ITREL RS
kowEhs 2EyIcHAGOE TEIEDFMEZITS .
ZD7=HDOFEL UTIEEMBE ST [7] Z W5, [EHE
MM 2 13 Fh 2Ol 7 — X 2R A L 7=/
DHHBREMN TE 22T KEL 2B X5 ITHREEHRD
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X-2 VAE I & > TER S N-ER

e SRl TR Sl = R

X-3 ZBOEMNNTVIEICY —

NIA—RERDLZFETHL. ZHITE > TADK
FIZ & DWW TRIEZ AR TRIBICE T 2
ERTED. AW TIEBERTE 2 R 72 BRI €
T K BRHIME E, B FERIRFEIC & 5 FHIlE T IE
AR T 21T 5 2 & TRIEZFHNS 5 72 DER1L
2175,

4. FER
1) EBERMEETILOBEER

X 1 OHEEEIT— X LT VAEIZ X o> TAERL
722 D400 LD + Ly RRZ —VHERIZONWTE L
AR D 2 D DFHI R E 2 W T 2N 241-2,-1,0,+1,+2
D5 EBETIHMEY > r— rREML, HROEE I
MIPFLTT =&ty MEER L. % difRiico
WTEFNZNEIETHEE T L 2R LR ERT.
a) &

X 31K 1 OmiG 2 S 2 o 72 BT e 7
M E > TEDEIVNEWIEICH SFEZ 2D TH 5.
ZOW VP EBET 2 2 v TEEFHEIT % 720 D%
HFRE e LT HEoEE), NEoNUCEE, HHEo
ZHEOR PHMHLTEZS. EL, HBoBNRCE
X ROWVWTIE, Moy PDEE | o NTEDOHILER
DEE | THHii$ 3.

IEHEAHBE AT 2 T, B 2 B O 72 B A
L RDMHEBEDNE L 725 & 5 IR TE LS
B RODEdICkhotz 12771, G I TBOER:T
fififli), ol MEOEE, X TEOT Yy PDEE, v
3 TEOFMEDOERE ], 613 TEDREOE TH 5.

G =248 xa—-4.23xB+23.3xy+0.00595x6-1.90 (8)

b) HHAERAY

B AR L TERMLLFER, RO DXSi1cks
7z, Gy ld THHRR O BIEFHME], o 13 oy T
DAT 74 vz X 283, ik NTEOHILFERTD
AT T4 VHRRC X Z2HE ), ¢y IT THEEZRWHOD
Iy P TDRATT A4 VHIFRIC X B3R, 5% THEE%
BROWZEDOHDRTDOR T I 4 Villific X 2% T
H5.

Gy, =159%xa+4.44x5+1.23xy+0.668x5-3.91 (9)

BBEEETHHER

107 [pressure loss][Pa] *[longitudinal stiffness X —1][N]
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[longitudinal stiffness X —=1][N]

26 [
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[pressure loss][Pa]

M4 BEEMEZZERLAD STHEOTY) — MECRETHETE
TICE>TEESZZERBLIHBEDTY) — MELEER

2) =mBELER

RE(CAERZ K 4-9 1R T. SR UTEEE
EER LU - IGE R, BIEMEEERZE %AW
BEMFMET VS Lo TERLIEGEIIOVWTH T —
RERENE LR O —FHAL VERFEHALE. K420
TREREEZZER L Do 258 L W5 2 v
BEMREiE T MIC k> TERIEREEZE R LZHE50HM
B ZEMICB T2 ) — MEDSHTH D, K510
WTIREIESZ2Z B LD - 72358 b %A R
FoTRIEMZEZR L7560 BNBERZERICEIT %
L) — MREODHTH S, K6 IZOWTREEEEZ2E
BLihoGE0or ) — MEX LTEONTZ LY
RARZ—>D—E, X710 TIIERTE % vz
HFHEEFTVIC L > TEEREZEB LG AOT Y —
MR LTEsA Ly R3Z2—V0—E, X8, 9
WOWTIIEMERBIC X > CTEFEEZE R L7215
o) — MR LTELAL LY FXR—VD—
BETh5.

Q) EE

X 4 % 2 & #IReEE 2 O 72 ERIERHIEE 7 U K o
TEREMEZZEER L HEa TR I Cli#fml cHEh#E
Ko3p URL 722 =77 CTHEMITEIZE L, THLC R
THEAMEIKIZEED SRV EBEREL, THTE
R & TEECEMK) O%ETEESESK, Mt
WENBET D WIHMRE Lo, MLTHS5 %
2 e RMPRREIC L o TEREEZERB LHET
& DHCHEERAY ) & DHCTIER ) TEIIHEK & MEH]
PERNTNDHIZE A LEDSRWA, Tl &
MECEMRAY THEAEK, MRt vwIhs Bty s
EWOHKERE IR o, BIENZER LR o 75E
B LTlE R T 2 &, HMEE 2 o7z
FHIlE 7 U &K o TRIEEZZE R LALETIETY —
MEDHEEREMAIETE D 60— TRIFEACE
DORWV, HEIWEIRLBZoTWSELTHH S~
PEALTLE o TV2DIIN LT, BRI
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6 210° [pressure loss][Pa]-[longitudinal stiffness X =1][N]
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M5 BEE4ZZERLAD >THBEDOIY — MR RAFH
FHICL>TEEMZZERLICGEDI U — MELER

DRSS A5 DRSS A% DAL B4 IS A% I AY
S I SS B B €5 S S IS IS

M-7 BMFBZBVICRMFHEET LICL > TEEREZE
BLIZEOITY) — ME—E (HETHIRRY)

FoTEREMHEZZERLIGETIETZ Y — MEPETE
KEMEIETE S =R EDLRWVIEETHH S
—HIBEARFTIUNIL AL EDLL RS KoTWE Y
Do s, TAUIKEWE 2 o 7 T e 7 v
Xo TEIEMZZR L 56 TS 2 HoTw
% = O ICAMEEIH D X — >V BNTEEIP DX — > b
R D FHEICFHMH SR o 2010 LT, a2
PRI & > TEIEH2E B L 254 TIXiHii$ 245
EEHEICLTWEHED XD R — 2 LT

F28EE B THHER

X-8 REAFHFHICL > TEEMZERLIHBEOI —
bEE—E (M THIRRRY)

M-9 BAFHFHICEI>TREEEEZZERLE
hME—E (HETERD)

FEDI!) —

HEAE T U CIEREICRHi S Nz 7R e EX b 5.
D F D MEE % W BMRHGiE T U & o TEIE
% 8 U 72358 CILI BRI S N R#E I R E S 4,
BIAHRBIC X > TRIEEZE R L1256 TR R
HPHPRE XN D Z e 2 RBELfTONIZE WR 5.

UL LD s EHER e HREDOm A e b)) — b
RDPEALLTLE>TWBHDDH D, ISP
DRR—VPEELTWE EZONS. I
WTHEIAE S & D 72 R 70, SRR R
WkoTxzNZR 15 v THifR) 25z Lz e =
DOFIEK 10, 11 DEIICHE->TWS. K10 %Z2 R3S
&, FRIEE 2 B 72 BERAPERHIE E 7 LTI RIHfR o o<
R— U PFIC TR & THTHiRRIY) 1ISfi-> T
BY, M42H2LZ20 2005 THERTY —
RARL-oTHEY, HICEALANIT Y — MEHE
{roTW3., FRICK 11 2R 2 Y, BAEHE#HT
AR D & — >3z THTHIEN) ¢ THECE
B WR->TED, K5THZD 2 ODGETHKN
) — MEBPELSZ-oTED, ZhANIT Y — MR
DEL I oTW5. Lo THIHARD BTl S
HICER LBEWARR - B TELRTELMRT S
CHRREREEZLND.

F 7=, FEATHRZE [3] THRBRRSA TV 258 D #2ER
B TERYHZERLLGEOTY — MEDZ -
PHZ Y FEHEENMENAX — Y TIREREEEZEZE L
72l Lo THRENIZFLAYRIL DD THELLE
Fxbofpsihantsh, BEEMEERBT2 L

- E-01-03 -



© —MRAFEABARGEIER

E-01-03

‘ VINSE  Eie
[
05 : L
I ] ii . Imﬂlli‘.iiiﬁ
kS
£ Ji L

. nen I8 e

-15 -1 -05 05 1 15

0
&

X-10 #EARRZ HIMFE = AV RRIEFHMETE T )L TRME L 7
EEDNT

HIH

RN y g%
anﬁ"'séiﬁ%«
L mesEgps

B

-15 -1 -05 05 1 5
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5. &S

(1) AIAFTDOREER

ARFFETIX, BRATANRBICE B Lz BIEFHEFIE
ZIRE L, BEIEFHiZ HRIsEt e UTHAAA, E48
e v MEmIE 2 HIREE Y L7 — X BRER F Rae o —
FTHA UEEA L. SD L M 2 A S HE T
MM E 7L L AHBE 2 B O & 5 A2 AR R T
HL, FEMHESHZITWERS ZHASEDESZ
THRMICEIEZFMM L. chuc kb, HiREEo
RISTHHHMFOREEBIRL, YOXS5K LY R
PRE— R LT R ICH] - TIEREICEIRE 2 33
5ZEeMAEE o Tz, MR LTF — X ERES - R
0y —FH A 2 THEKD SD i & #mE s 2 A e D
B BEEFHMAE T VIC K B FIEX D bIREEELLXE
522 Py FXR—UERAERL, BREMEICEN
POKGTEDITEDEIREE D ONRE— VR EHTE .
7, BEME2EEBT 212X o CRIUHRETER
ZEEZD DMLY FRZ—UERAERL, XhEHR
fRZ1G2 Z BT,

Q) BRBErSHBORE
SHOBEY LT, 32002 enEFsns. 12H
AR O BET TS E 7 — X BB F Ko o — T3 A

BBEEETHHER

R LB, FIRISRISER Ui IR OB D
BWHBICTY) — MEOWRELR D E D I K bkhro
7. HEDO Ly XX -2 OBV, FhdkE
HICHEEPNMIZFLTLE>TWVWEEDHEDDH DI
WMLy RRE—VRERT 2 FIEEHEL T 20, ]
SEPDHETAFETEINRETI20ENRDS. 20HIX
BRI O M A IEORETH 5. AFETHRSE
EINTV S FETIEIRMANRBOME R ZN 2T
ANCHEIELTLEW, ZRIC K o> TREZEIR D
MEEREGXINTLES. £EZ S 38R
BUEBICDH D, FHE L 72 WEFE ISR LT & %2
FIRHE 2RI T 2 R ER D 2 7-DIEFICTH S o
TLES. L7h o TRl L 72 WEIRE O R 22 F R
Z & D EEN OIS 2 FiEEE 2 BN
H5. 3OHIIREDRENZFHIOMETTH 5. FEER
DOEFITRMEICB I 3D L L TEENER L W
EIOPDEAING. AFETIEEZRMEICB VTR
NEEBTI2DIZEES>TVRVOTHIZED XS
BYFEICHEY LA EEZ 2R ERD 5.
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Data-driven topology design
with a selection algorithm focused on solution similarity

BAEEE D SHARAES ) ik 2 A

Keigo Seki, Kentaro Yaji and Kikuo Fujita

DIRBRRS: KAFERBE T e FEATRME 22E (T 565-0871 REFWRH T L 2-1, E-mail
seki@syd.mech.eng.osaka-u.ac.jp)
D (T) KBRK: REBE T EER B (7 565-0871 RBRAFWREHTT L F 2-1, E-mail: yaji @mech.eng.osaka-u.ac.jp)
DT KBRS KR L2EF5eR 203 (T 565-0871 KRBRFHRHE i L I 2-1, E-mail: fujita@mech.eng.osaka-u.ac jp)

Data-driven topology design does not require gradient information and is effective for highly nonlinear
multi-objective problems. However, shape diversity is often lost in the solution search process, resulting in
only similar final solutions. In this study, we propose a method to perform solution search while suppressing
the degradation of solution diversity by introducing a measure of solution shape similarity. The proposed
method increases the shape diversity while maintaining the performance of the optimal shape.

Key Words : Data-driven topology design, Shape diversity, Shape similarity

1. #&5

FRBe Y —-RELEIMERELOTTRD BHED
FWVWRHELTFIETH D, ZOIHICNT 2EERTOD
MRFEEELo0H 5. LrLEehrs, AftEHREH
W BB L TFE TR IERIEE O VR G THEE 2 TE 4R
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Topology Optimization for Target Load-displacement Relationship
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Takuya Suzuki
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In this study, we propose and verify a noble topology optimization method for a shape meeting with the

target load displacement relationship. First, we explain the proposed method. Then, we verify its

effectiveness through a simple beam problem. As a result, we confirm that the proposed method is

effective for topology optimization considering target load-displacement relationship.

Key Words : Optimization, Inverse analysis, Load-displacement relationship

1. [FLC&IC
HEMEDTARFREHNC BN T, MREE R KRIRICED D
R A/ LIXEETHH, BIRERDO—D L
LT, hRev—gFiE k) (B, [1]~3]) 2¥& 5,
ZOFEX, R e EOHM O NERERERFIEH LTS
[~Hikfd b PEM OSMER & 3R AR L T 5 DB
W) LIXRRY, RIS LT AHEMICBT 50 ERR
HEH LT AHEOSWREEFETH S, HAED

b OERERTHT20, MO PR AR T H LW
ST BEBAREL 72 0, HM O ELZ Sz < Fl
HEnTtns

—J5C, bRv Y bo  BRIBEEIE, Mitto kKt

RMEIRIRDOR AR ER—DORBEETH D Z L BLV,

IBIE, EAMSEMEREENTH D & ZEIRIC LK

ﬁm&wzé ULin LR b, BEEED TR DR S v
=73 EOPMAL 2R LIS EHC s VT, B
LT TiEAe <, TEANBERIZ OV T HREAYZR
FRPZBH D, EDT2D, ZNHDHEREN - LIz L TDR)
RNRRIRBRME L 2 D0, TDO L5 bFRad—
RE(LOREFNIFTEL 2, ZO X 5 78 L ki
ftre, IERBNE LVIDTY o ZEOGEBEM & ad
SEpZEnTENE, ZTHETITRWE LWE OB
FEICEND Z LRI TR B,

T, AFRICB W TIE, BEL TR ESNMERE
WET D AR U RRTIEEREL, TOMRERGE
THIEREMET D, £7, MEFIEILCOVWTHAL,
DSWCHE AR HMPZOEF 2@ LT, HIEMEENY

TR AT T 2 TR IR AN ATRED & 5 D e Bk 2.
2. RERTLAIREBEULFZE

(1) BREFEOHH

Load
P P, 6
. | | [ | |
. ] [ [
> HE7HE Em
|- H__HE
IIIIIIM
Disp.8
BEEmEEMRER EIEFZN

B-1 HELEMEREBNOLET S MROS— Rk

0 |

(i) | SRABORE
!
(i) | BBBERHL O OEFMEHLEBEEN T Fhd
MEZMEFREZRITERY FLEHENT 2
AHNY R T LDERE

BEHZHORE \

(iv) ‘ BIERENY MILDRTE ‘

v) [PERBEHES (FEREER~Y ) OBE |
!

BHEBORE |
l

BEEETLOEA \

X-2 R%RFIE

m\

(i) |

B-UZiE, BB FECTEAT D MR e U—R#Ebo A A
—VhRT, BREMEAEREWHETS PR —%
BRT DD ORBEFIEORKMILU T TH D,
AT R, TRREHERINICEERRE LTSRN b0

BROFIEHPARERE~ 2 hv) &5,

- BIBIS A, BAE L T A EAN BRI T 5 [HE

X7 MV T 5,

CREIEHR NS, BWBEEER O ETAAMNI VAT

AEMET D, ZOAMTI v AT MR 5 Wi &

- E-02-03 -



E-02-03

Fh LT, REERETERT D,
WAL, A ROIRAEBE 5D, ZA—%

HADAH I AT L OMENT AR L IR HE—F L

RERBAEEENE A2,

K-2121%, AT AT AOBREE GO I-ARETFIEIC
L BBEREIT O RED T o — %, UM T, AMRETF
EORETH D) THRET DAL VAT A, BIY
(V) DERFIZH O D WRAT FIE O E N E N OFEMIZ D0
T 5,

(2) BETBHDAHALRT L

BJ-3121%, BEFETHET DAL AT LE2RT,
WBEFETIE, HEHEMECRESNEZSRANSESE
DIET DR 4~ 3 TF7ERiApapE) 253G (37
bHAT)) LT 5, FFFEMNCSRAEZEEEEL,

DENENDFAERIPHFEREL] ((F/ERIPHIERE~ 2 bV {Li})

EET D, TOFERHEBEBNICERENGFETHELT
FRNTET VAR SN D, K411, fRITOEREA v a

ZhEF & L, ERPLASEIHEENIC & 5 2R (M PIK )

EETIMET DHE OB ERT, HEOZD, 2RO
BEATN, 3RTTET M HIEERETH D, Fiz, &
RAYYaPETTHINEL R, A=Ay vtk
FRIC K D FERBECS U TEEA vy Va2 Z2HAEKLTDH
Ry,

DBNT, FEFRPEERENS MR T, (R EnT
TT TR LTS RN S E G S, fEEN RS E
SIB, MEZEMBIRIL, TOIEE SN BB G
HIFENZ ML {PE LTHAEND,

ko X5, HEEOFIEMBIC IR D AR
B VL 2> D A E AL BRI IS T A faf X b
JVAPY R RHT 2N, AREBEFIEIZB W RN O Xt
GLROINHHNV AT ATHD, ZOAHIV AT A
XLT, BEET 2 (WEEMBMR) 2505857
AH (FERBEERE, +T2abbEeT L) BNPEIEVIIZBW
THREND,

Q) E—FILREREBEEDOBE

LHAI TIRE SN T VREREETET, 1
BENRT M D AFIRT RV {x} DRI T D
WO THREND~ M) 7 A (PaeTry~ b ) 7 2) 0
B R RRE R  D FBEART— FEARE 2T — RadH
L, B &R Y MV ORI, & &2 NT)_7 FVIT
EENDARERR D OBREICHA LT, KEMNICATN
7 MEEBELTW FETHDH, RS~ M) 720
B, BTy, BUIEMS OV hE AW TH L,
RO T r—ld— i b=a— M ELR—TH DN,
W~ b 7 2AOW{TH|EZ F BT — RO A THMELE
TLHE, RERE—FERETIAHEMDBMENTND
IR ERT 5, FERT— REARERE— NIFR
B IRDOFE RN O DN A R EE CHIW9 2, FEeT
— FEHAVWTREEZEETDHZ LT, PRMRRERY
MV OREINRSAREIZ 72D, T2, NI PUIZEEND

© —MHFEABAGEIZS

HE28EFTETHERR
WEAN P
N BT ET L ‘Oad1—IE/\7 hoviP)
TFESC Rt .
N R L[] ]

W > g >

7L M || WInvs
E%EC ﬁ$$ﬁ disp

-3 ANV AT L

B4 FAEREERIC £ 5T TILERO—B)

(a)| Set initial input vector

{x}= Ko

N N

@<

(b)| Calc. residual error vector

{Nr} =K( {:f})

©

Allowable tolerance?

yes | {r} |<8

no

(d)| Calc. Jacoubian matrix
or, [ox, on, foxy,
K] =D, fr}=| . :
NoxN; o
¥ Oy, [0, - O[Oy

¥

(e)| Make generalized inverse matrix

[K]"=[v] [=]" [u]*

NN NpNp NN Ng*Ng

(f) | Select main modes in generalized inverse matrix
KT =[V][=T [0

NNy NPN'NN' NNy

<

(g)| Calc. correction input Yector for error decrease
{Ax,}=[K']" {r}

N, NN,  No

i

(h)| Make unnecessary input mode matrix

(V] = [Ve]
NN, Ny

N,

¥

(i) | Calc. correction input vector for input decrease

N A
N; NN NpgxN; N

¥

() | Renew input vector

{x}={x} +{Ax,}+ {Ax,}

N! NI NI 1

End
H-5 E—# I REBREBEZDEZFIES

RHEIRE— NETOEDTHIED 3721 HIBR T 5 0t
BITH T LT, BMEICEEEG IR A Xy Ok
L BRI IREDERR & FIRRIZ L T 5.

INETIE, BEHMETOAXT N7 4 v T«
Y IBIOED, BAEWEAN & BT 5 5 28— O IREE

- E-02-03 -



© —MHFEABAGEIZS

E-02-03

R fifre T VDR T A— 2 RED, B OREF B
e EICBWTCHEAESHER I N TV D, X-5ITIESTHR[6]
IR ENTEAEFIEZ R T,

3. BIBIZK 2R DREE

(1) fFEsE

Bl-61Z 134 EGIE & 2 Rl bEE =3, BlES T
LY, WY XFFORET S, ZORO LR
WCEPREMHMSND, Z0L & OMEME L EE
N BfR DS Z D LR T BAE & 2 A BIfR &
725, X, R CHATXKBNEREFEMTHY, 51
N7z B BN R E FBRT 27200, HFHZEMN
DOEFZOEEDOSAIRE (TbbgR) BPiREs D,
(2) fRMTEY

FF, WEENBERE B ET DNEMRITEEIC OV CE
B9 2, IS IFENT IR T RE & U, FERRIE O ik it ) 2
FEHAND, MEHIMMZEEL, ¥ 7 3%205GPa, R
TV 03B M5, MisesDIEREET L EBEM L, B
FRGEPE 13 400MPa, YR EIME H X 7RI 00 1/1000 & 9
%o AvvalZEEE LT, $HETRS05E], KFE1005y
BT+, Ay a2 CQ0mmDIESEE LD,
EROAER & HET B 72D DB WS DONE % [K-7105R
T ZHRAITRIUETFET 5, JIHEEZEBR LT, 250
BERO L TWD, ZRATEICRE ST REEHD
FHPAPIZEE P ONGFET DA v v aBET A E LTH
LT %, 728, BROREMR Lo, #HMCSH
BEHRITHOWVTIE, WIE1/1000000 T E#E 2Bl d 5,
UEDOFIETERSNEZETT VK LT, FHREISH
LN J720mm D IR 0L A AEH] S8 T, WAL BIR &
HT %, WEITEM2mmECH I L, TNENOFRFEM
DINEMEHTIZI T D 1~ 2 v (10008) &85,
SSNWT, AT HOWTEHBT 5, K-81213H
& T DM EANMBRAEIKERCTRT, kDD, &
BWRPFAET D56 O BN Bk & BAk#R O COR
T BFEL T B EAM AL, HIE200kN/mm, FERAT
FEO600KN, FEIRTE D ZIKEIIME1/1000 34 Y =7 L5,
REMEBI, £BIRA D OREHMEERELIE LT,
HHEIZ80mm & 2, Z DWIHME TITRXFH 22/ D2 TICH
ENEMSIND,
MAEZWOTTDOEERE— ML, [FAE~Z hL
DI NVEI N L > TRET D, HEITHWD /L ALk
WEEATHFZEBNC 72 55 C, 028 Lia, 7238, & 1 FrRA4E
D10MELLT O BRAE & 72 2 — NIEBRW 2, RER AT
W’y EBRET A NBICB W CHIRT 5 E— F&®IRT 5
BRI R A 2N 143/ S &I 5 R BAE O B, 251
BERMOI102ERTEE L, T— FOBIEEUZ0.10E T 5,
A FREOMK L EEIZ100ETITHE 0 & L, Fiksy
~ N U Z AEERT D720 OF GRS D WY
BB AW CTHEET 5, BRI, Sikakat 25
DFHHEOEBOIEE LIZFADZNENDISIFH % 5

BBEE BT HHEES

1 sz

load(N)

1000mm

A

2000mm disp(mm)
X-6 HlIEE I HmE{LiERE
‘100|100‘100‘100‘100‘100|100‘100‘100‘100
2: e o o o::u»vol;' o . o »
2— o o 9 0;;'::0:::’ e >
27 e o o o siieiiviieie e r Sym
§::‘.‘"._‘_.f.v‘_‘v' i EHE N
g
——“o ST iigtiighiiigiiiighiiigHigigs A
H-7 ZRRA0EE
Load (kN)
1000 - RN _ Init 1
/
]
]
1
I
500 |1 N Target ]
1
1
1
1
I
0 L L L
0 5 10 15  Disp.(mm)
H-8 BIEL T HRMELMER
RSS error[kN]
6000
OMin.
4000 |
2000
0 | |
0 50 100

Iteration (times)
-9 B|REMENDOKRF

i LT, MR DR 2 EHR T D,

(3) fRITHER

BI-9IZ1%, #ERT MDD Vb (FEETFMEHIR)
OWROERT- %77, RIFAENE, FbBEN/ NS <o
TR THD, KLY, WIHIZ4000kNIRE H - 72FR 72T,
KRR EWIETI A2V KT L D0, 39EDOINEEHE Tk
IND1TAKNE T LTz,

- E-02-03 -



© —MHFEABAGEIZS

E-02-03

X-10121%, UEkla$39lal ¢ O EAMERZ, K-1112
IFEATE T VL OTIRE =T, KD, frEZEA BRI A AR
ETBMEEMBRE LCEALTVAZ ERNNND,
NA Y =T QPR TERNPRLLNDLN, Zhoi
WREEED L D IR THERTERWVEE LWV B Z
TholelewtFZEzx bbb,

Fio, WRINTIERIL, BITREIFAE/ES T X
BRE o THY, REREIMTIERNEE SN
BHERTGIRBER SN TS, b T 2AOENPZELL T
WONZIUT LY BREE T 5 EAN R Z FEBL L T
DRI ns,

LibED X 5iC, BRBFEICE - T, BEMELMERE
WRET 2 MR e U EEBIRDBEERTE D Z LR HAT
X7,

4. F&oH
AN RBNTIE, BIEE T 2 mBEEMERERE T

bR U ERFEEAREL, TOMRERIET D

EERBMET D, £T, IBETFIETOVTHHAIL, 2250

TR FFOLROEZEL T, BEFEOHREE K

FELTe, o mAE L TIRT,

(DEXFT22H] RICRRE L7 D S A & O R BT
PRBEA SR A L LT, HABISTH A A E AR
fRA& R T 2 R 2 PRB T D AR e U —&
W LTFIEERE Lo, BARIICIE, AP ERE~
VIS T NAAERR, fRHT Iz, AR E Co—E
DOFNENEfRAT & 272 LT, ZOWREERS Z &
T, HEZMET 2 ZEMAER Y ML OREREY
179, RBITIL, /A ABREMIEZH T HE— XK
HEEBEEZAVWD Z LT, REREMICESRES
BiiE L7 WK OBRR A ATREIC L T D,

QR FFHLROMBLEMERERELE LT, RETIF
WIRBFEOBEMIEZ MR LTz, flIRY v/ —%~
OEAEEEL, BEMEAN RIS < IERIE
BIRICAD bDOEH Wz, ZORER, IREFIEIZL -
T, BEMEEMEAKRETHET S PR e U —giEt
DAARICAR D Z L SRR CX 7=,

S5

[1] Bendsee, Martin Philip, Kikuchi, Noboru: Generating

optimal topologies in structural design using a
homogenization method, Computer Methods in Applied
Mechanics and Engineering, Volume 71, Issue 2, pp.197-
224, 1988

[2] Bendsee, Martin Philip: Optimal shape design as a material

distribution problem; Structural Optimization, Vol.1, No.4,

pp-193-202, 1989

[3] J. A. Sethian, A. Wiegmann: Structural boundary design

via level-set and immersed interface methos; Journal of
Computational Physics, Vol.163, No.2, pp.489-528, 2000

H28EETETITHEER
Load (kN)
1000 | I’—__ ¥Imt 7
1
]
’l Identified
I
500 |1 N Target 4
I
I
I
I
I
0 I I I
0 5 10 15  Disp.(mm)

H-10 FRSN-MROFTELLEFZ (iter. =39)

-1 ERINFHK (iter.=39)

Suzuki, T.: Input Motion Inversion in Elasto-plastic Soil
Model by Using Modal Iterative Error Correction Method,
Journal of Structural and Construction Engineering
(Transactions of AlJ), Vol.83, No.749, pp.1021-1029,
2018.7

Suzuki, T.: Generation of Simulated Earthquake Motions
Considering Actual Earthquake Phase and Multi Target
Response  Spectrums, Journal of Structural and
Construction Engineering (Transactions of All), Vol.84,
No.760, pp.811-818, 2019.6

Suzuki, T. et al: Shape optimization of Hourglass-shaped
damper using Fe-Mn-Si-Based alloy considering target
Load-displacement relationship and target fatigue
characteristics, Construction and Building Materials,
Vol.366, 130091, 2023

Suzuki, T.: Input Motion Inversion in Elasto-plastic Soil
Model by Using Modal Iterative Error Correction Method,
Journal of Structural and Construction Engineering
(Transactions of AlJ), Vol.83, No.749, pp.1021-1029,
2018.7

Suzuki, T.: Equation Discovery using Mode Extraction
via Singular Value Decomposition, Journal of Structural
and Construction Engineering (Transactions of AlJ),
Vol.86, No.783, pp.838-847, 2021.5

Suzuki, T.: Mode selection method in modal iterative
error correction for stabilization of convergence, Journal
of Structural and Construction Engineering (Transactions

of Al), Vol.84, No.756, pp.195-203, 2019.2

- E-02-03 -



© —MRAFEABARGEIER

E-02-04

FTEIFEERRIEE Vol. 28 (2023 4E 5 A)

BBEEETHHER

HEIys

mE EREIHE Y B 1EERTDIHD

e

R b AROY —&#Evk

Basic study on unsteady-state thermal-fluid topology optimization to design temperature
rise suppression structures
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This paper deals with density-based topology optimization for unsteady-state thermal-fluid interaction prob-
lems. Governing equations are incompressible Navier-Stokes and energy equation, discretized with stabi-
lized finite element method and Crank-Nicolson method. Sensitivity analysis is conducted based on the
discrete adjoint method which yields exact sensitivities for discrete optimization problem. Numerical ex-
amples address the minimum thermal compliance problems for both natural and forced convection. The
features of the topologies obtained for different heating times and their performances are investigated.

Key Words : Topology optimization, Unsteady-state thermal-fluid problems, Finite element method
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TOPOLOGY OPTIMIZATION OF WAVEGUIDE
BASED ON TOPOLOGICAL PHONONIC CRYSTALS

B — D, FARE—RRY, fEHME Y, PrEaL Y

Kazuki Noda, Yuichiro Matsuki, Kenji Tsuruta, Akihiro Takezawa
1) B OB LA S o T AP SE R B - 2T A (T 169-8555
FRERHTE XA R3-4-1, E-mail: n.kazuki-1999414@akane.waseda.jp)
2) IR KRR BB TR AR ZER fik « BT X7 A 7' m 7' J 4 (T739-8527
BURETSEILLT H4-1, E-mail: m206538@hiroshima-u.ac.jp)
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FRERHTE XK R3-4-1, E-mail: atakezawa@waseda.jp)

Phononic crystals consist of a periodic structure, and by designing the structure of the unit cell, it is
possible to control the propagation of acoustic/elastic waves within the crystal. Among them,
topologically protected edge modes have been observed to appear within the band gap in acoustic
valley-hall insulators with zigzag interface configurations under specific conditions. The challenge in
the design aspect for device implementation is the limited band structure design method to intentionally
induce edge modes at desired frequencies or modes. The objective of this study is to establish a band
structure design method that induces edge modes at specific frequency bands or modes by introducing a
structural optimization algorithm to the design of topological phononic crystals. In this study, we
demonstrated the effectiveness of the designed acoustic waveguide by maximizing the unit cell bandgap
through topology optimization.

Key Words : phononic crystal, acoustic valley-hall insulators, edge modes, topology optimization
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A stabilization method for topology optimization of elastoplastic structures using
subloading surface model

TR VINEEES 2

Hiroya Hoshiba and Junji Kato

D (1) i B KRR TR Bh3 (T 464-8601 EHIIRA & B i THEX AT,

E-mail: hiroyahoshiba@civil.nagoya-u.ac.jp)
IDr.-Ing. % di BRKFERFEGE TR 3% (BE-mail: junjikato@civil.nagoya-u.ac.jp)

In topology optimization with elastoplastic materials, sensitivity-based iterative methods can be challenging
when the stress-strain relationship changes discontinuously after a specific threshold value. This is especially
true when the material exhibits softening behavior, which can lead to grayscale halts and structurally unstable
material configurations. To address this problem, this study applies a subloading surface model that smoothly
represents the transition process between elasticity and plasticity and utilizes it as a filter to stabilize the

optimization process.

Key Words : Toplogy Optimization, Elastoplasicity, Subloading Surface model
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Fundamental Study on Initial Value Dependency
for Meta-Material Topology Optimization with Negative Poisson’s Ratio
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Tomoaki Shimada, Hiroya Hoshiba, Yuya Okuda, Koji Nishiguchi and Junji Kato
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Metamaterials are artificial materials that behave in ways not found in natural materials. Negative Pois-
son’s ratio is a typical example, and is expected to be applied in various fields due to its excellent impact
resistance. In order to realize such performance, design support by topology optimization is effective, and
many studies have been reported. However, there is a problem that Poisson’s ratio does not move to negative
values depending on the parameters initially set for optimization. The purpose of this study is to investigate

the cause of the initial value dependence of the current method by visualizing the correlation between the

initial material configuration, material parameters, and the target value of the homogenized elastic stiffness

coefficient in graph form.

Key Words : Metamaterial, Negative Poisson’s ratio, Topology optimization, Initial value dependence
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Data-driven topology design for initial arrangements for optimal design of
flow distributor
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Shape optimization using a turbulence model can be an effective method for designing the geometry of a flow
distributor, which is a component used in heat exchangers and other devices to divide the flow. However,
shape optimization has a fundamental problem that the optimal solution is highly dependent on the initial
solution. In this study, we discuss a method to generate initial arrangement by data-driven topology design
that realize non-gradient optimization with high degrees of freedom, and to derive a superior optimal solution
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from it by shape optimization.

Key Words : Flow distributor, Data-driven topology design, Variational autoencoder, Shape optimiza-

tion
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