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Level Set-Based Robust Topology Optimization
for Coupled Thermal and Structural Problems Considering Uncertainty
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In this paper, a robust design method is applied to the topology optimization for coupled thermal and structural
problem. For the robust topology optimization, the objective function is defined as a combination of maximizing total
potential energy for the thermal and structural stiffness and minimizing variation in the total potential energy under
uncertainties on design parameters such as conduction of heat, heat transfer coefficient, Young’s modulus and applied load.
The variation in the total potential energy is evaluated using the first-order derivation under assumption that uncertainties
are relatively small. As the topology optimization method, the formulation of a level set boundary expressions based on the
concept of the phase field method is applied. This method allows topological changes with clearly boundary expressions
during the optimization procedure. Furthermore, the geometrical complexity of the obtained optimal configurations can
be controlled by adjusting a regularization factor, and the obtained optimal configurations are free of checkerboards and
grayscales. Through numerical examples, the effect that uncertain conduction of heat, heat transfer, Young’s modulus and
applied load have upon the obtained configurations is investigated by comparing with deterministic optimum topology

design results.

Key Words : Optimum Design, Robustness, Heat Conduction, Structural Analysis, Finite Element Method

1. #%

TV URBA T—D LD AN OERT 2SIV TE, RECIRENRRE 22 & OB 72 RED
M7 T, SERFOMEFRERT, UKD EH T 2720 OIREERMAER L 725, KI5
TIE, ZTOXDREEREOEAGRFREICHT 25 EHEE LT, F, BELTEEZLUbky MEIZESL
R Y —EBREHED PITH LT, ST A—FOLEBEEE LIS b MR O — R EHE A IR R T 5.

Loyt MEIZESLS bRa U—lERFHEY, AV T7—5ThD LUty FMEEGOENMNE Z HWTY
KONETIR Z PRI RBL L, TOREBEZFRBEIELZLICLY, BREELARATLIFETHD. 20k
WECIE, fEko SIMP(Solid Isotropic Material with Penalization) #5123 < FiES @B g i 5 < T~ Dy
B0, JVARTF— LV EEERVHELREREZE T OWBERENGONAIFERD 5.

LU s, WERFETIREINTWVD LLEy MEIZESS FEE, "I hrPabeFEREZHNT
MBEEDEREZ LB ITLL512~Ubty MEAKOTEF 1T O 72010, REERICANAIEINS L5 2F

il

* JEARSAT 2010 42227 271

R, KRB R FR B TR e R 22 58 L0 B (T 599-8531 AR i X =BT 1-1)
2 EE, RUERF R TR 2T TR HI (T 606-8501 FUAD I AU#R T A2 5 X 7 [ AHT)
SRR, RS R TR MEE T (T 606-8501 HUES T AU i /2 AT [X 15 [ ARHT)
R, Y~ — bR AHE BFEE v 4 — (T 521-8511 BRI TiHE 7 Ji 1600-4)
Email: kogiso@aero.osakafu-u.ac.jp



BELSEMTA SN, THICH LT, IHEBIE, Lty MERIC L B TRRER AT AR S, BERBH L
R L 2 ARl L7 bR O— i e 2 mE L0 a®, coFkcir, 72—xX7 40— riEO 0
LB HEBAT D LICLY, Bl s e & (AR 22 R 1R /) T8 & & e RV B — LB o B MU RTRE I IR %
W5 ET, BEEEEOEANLET>Tnd. ZOEANLOES NS5 2 LIc k0, GR35 72
BMES 2 EMIICRT D LB ARETH S, &5, ZOFETIE, FIREANED HE LN A KSR A
WT Lty MO TEHELIT>TEY, Lty MEEOELNS 2RIT 5 2 LR TE HHAE B .

F7, Loty MEICESS MR OBl e IS R BIRIC R B TX A7, TOER I
AR A G BT LA TEAHE LD S, Thbh, WKERCBREER LG RET I LEOH 5%
A ASICET LT 2 2 LN TE S, ZOREEAWT, BdREiE Ve, Bl s o s Y~
XT3

&C, EBoFFREICBOTL, ﬁﬁ%@ﬁ@k@kﬁ%# Yo U ROBMMBEER, BMBTERE R Ok
ﬁﬁmmm%mﬁﬂiba.%@io@fﬁm@%ﬁﬁfét , AEHEM IS < R Yo m s = e

DD BTV D, EEMICES S MR e O— iR Et (RBTO Reliability-Based Topology Optimization) |%

W W)wx, WM A L OFEMICH T 2 EEMEHNO b & ThlEZR/MET 2RI E LTEMELTE 5.
BRIEENED DN D HE I MEN 2B BT 2 RERGEE L TENZFIETHD. —F, mA3X b bRRE
Ol a0, BEAT A= X OLEBIC LY, WMECEA R & OMEIRE OIS F 2 RN T A RETFIET
b2, MEREfatE 2 BB E L TERET 256 T, HEESHME TRWEGEIZIEr AR MGV B HEH
[ 7358,

KL TIE, REHNT A =2 OEETR LT, BIMELEGLEMEREIME T LIS WIS ZREZ KD 5 Fik & LT,
DAZFFTD/MWLMJ%@mb FOFEL LT, bbbty MEZEDBIREBLZ Wz bR e O—&
HERFHIX LT, RGN T A =2 OEE 2 EE L BEEGS L ORIMEOERTEI S35 m 82 FEREHEZ RS
L, flfb7 =2 ) XGRS D.

UTF28ETHE, bbbty MECRDAZBIREREHA W7 2 — X7 4 — /L RIEOB X FIZHS bARr Y —&
W OEAICHOW TS T 5. KIZ, 3ETIE, BAR MNERHOB 2 EZ20EXBICO W TR 5.
ZLTC, 4%TI, BMEEHEEMEO A N MR e UKl HEOERLEZITH L & BT, v R Mgk
DTN ANZRT. kRIS, 5EIZBW TR EAIC LY, KRS TRET D RO 2 S M4 MGk
T 5.

2. LRLEY MEICKDIBKRREZRA W RO O—Ki#E

21 m@EEREEDERE

WS (5 3D T D Bl & M IRTEIR Q, MIIRTEISANMFAET 2 2 & ASFFE S 4 2 8 E el & [ E R HEIR D & E %%
L, WREROMERHEIC OV TEZD. B, B UIRT LI, MIRERTE, MiEOsER 0, 22
WTAELHADT—Ho(x) &2, LUkt y RS L TR TERTS.

0<o(x)<1 if "xeQ\adQ
():0 if "xcadQ 1)
d(x) < if "xeD\Q

T, x FEEREEKOEETHD. ok, ERITBWT, Lyl ey MBI EIRME S TIRIEZ TR,
1 & —1TICTRELTWDA, Tkl o BAPBEEU AN 2 48 0 e i = kL ¥ —% L~ v MEIC &
WERBTAHEDICEALELDTHS. ZHUTLY, Lty BEEITEEBRE SN D5 & IR o M
EHT, RUIRT X0, ZHRERTIE -1, WIRERCIE 1 2 L0, SEREHFICRBW TR NTHfT 58
BEins.

wiz, () TERIND LUty MECKDBIREBR ZHWT, ARILEEZ F, AEHIRICR 56K



e

Q 0Q D/Q
Fig. 1 Fixed design domain D and level set function ¢
B¥iz G TRIMERELREZ KA TERTS.

Q
subjectto : G(Q(¢)) <0 3)

Minid)mize D F(Q(¢9)= | f(x)dQ (2)

ZIT, f(x) BN EETH D, EROEERECEIZS O TE, Lokt v NEER ¢ 1 IE
FERRFHEI D NOE AT CAREBMEEZFFOZ EEHFR LTS, TOME, BonskitEEn, £5L2AT
RHFE L IR B IREFRT D, Wb DRy (ill-posed) FIRE & 72 5728, 5 20> J5 1k Tk R & w8 72
(well-posed) [EIREIZ T2 EANL AL E L35, ZORMBEA RT3 EAMLFEE LT, HEEDPRRHShT
Wa. LLaens, BRERATIEEOMEIZLY, AR FIEICZOEAHbo FikEzEAT 52 N T
ERAdAN

Z 2T, AFETE, 7=2—27 1—n FERHD QoL RS T RET R L F—0E ALY, [
BOIEARLZEIT 5. ZOHEOEARN:E 2 5%, WRITRT L H2, BROULBEEE, BRRE%EE L~ 1t > b
B DO ABLORE SIZL > TERIA SN DB RAEH AN X —L DF~DEEHZ THD.

Fa(@(9) = [ fwda+ [ JevoPag @

ZIT, FplE, EAUESh7- BRI, o, REMARETRAX—OKE SOFGEERET 537 2 —
2 CThY, FAMUEE LS. FANMREOREMIC LY, BoBiE 0RMr i S 2 EHmicRET 2 2 &
WHREL 702, 2P 2 BB Sz,

WIT, ZOMERERHIIECS 75 Y 2 REREEREA L, ROERFREICES M.

Fr(@(9).9) = [ f(x)aQ+2G(0(9)+ [ SeIVoraQ )

IC, RIFZ 77227y, MFITFTTUVARERBTHS. AT, EREMS ZLITXD, Kk
55,
22 BREIEBDEHAE
KBTI, FolbEE BRI REA LM ME~EEE W D52 LIk, REERTHL Lty b
B ATHT 5. £7, ALK Z8AL, Lty NERELT ST LI NLT 77 V27 v OAE
BT 2D ERET D, T7abbh, Lty MEKORRREFRAZ R TEHZ 5.
20 5Fp
Frie _K((P)Siq)
I, K(9)(>0) IZHBIE, SFR/8¢ (3T 7TV aT v Fr OINEEMy EET. K(6) 12K G) 2RAL, B
REMEE LT, MIEREEER CHD Z EMEE SN TWDEER oDy 137 ¢ U 7 LEERSAM:, ThlsA oL

(!
i

(6)



Robust design

design

on Fid =

Objective functi

F opt

Design parameter 2
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Fig. 4 Flowchart of optimization procedure
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Fig. 5 Design domain and boundary conditions in example 1
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Fig. 6 Deterministic optimum configurations in example 1

Table 1 Uncertain parameters in example 1

Mean Value p | Standard deviation &
E [Pa] 2x 101 Ug % 0.05
ty [N] 10 Uz, < 0.05
& [W/mK] 40 Uy x 0.05
h [W/m2K] 100 w, % 0.05

Table 2 Comparison of sensitivity terms in

example 1
Deterministic ~ Robust
design design
IOF JOE (x10713) 1.646 1.566
OF /oty (x10713) 6.150 7.060
_ ) ) _ OF /9K (x10713) 1111 1.599
Fig. 7 Robust optimum configuration under w = 0.5 in OF o (x10-11) 1032 0.847
example 1 /Var[F] (x10-11) 1.066 0914
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Adiabatic boundary
Fixed design domain ) )
Table 3 Uncertain Parameters in example 2
Mean Value it | Standard deviation o
1.0m E [Pa] 2x 101 Ug % 0.05
— «—0.lm Heat flux Heat flux ty [N] 0 Uz, % 0.05
0.5m ? 0.6m 0.5m 1 IN] 10 iy, % 0.05
o * * v OIm K [W/mK] 40 L % 0.05
Fixed domain & Fixed domain & >
Constant temperature __| <I;0ad s <I£ad Constant temperature h [W/m K] 100 My % 0.05
0.1m 0.1m

Fig. 8 Design domain and boundary conditions in example 2
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Fig. 9 Displacement and temperature distributions in deterministic design (w = 0.5) of example 2
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Fig. 10 Mean displacment and temperature distributions in robust design (w = 0.5) of example 2
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Table 4 Comparison of sensitivity terms in example 2

Deterministic ~ Robust

design design

IF JIE (x10713) 3.901 3.838
OF /0t, (x10713) 1.207 0.9706
JF /oty (x10712) 1.851 2.230
OF /oK (x10713) 2.627 2.618
OF /oh (x107 1) 1.406 1.219
V/Var[F] (x10711) 1.595 1.475
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