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This research proposes reliability-based topology optimization (RBTO) method using
an approximate single-loop reliability-based design method with the topology optimization
incorporating level set boundary expressions based on the concept of the phase field method.
The design problem is formulated to minimize the structural volume subject to the reliability
constraint concerning mean compliance under variations on Young’s modulus and applied loads.
The reliability-based optimization is formulated as a single loop algorithm by using Single Loop
Single Variable (SLSV) method to reduce computational time. The structural model is described by
using level set boundary expressions based on the concept of the phase field method for topology
optimization. Through numerical examples, difference between the optimum configurations on
deterministic method and reliability-based method is demonstrated and the effectiveness of this

method is discussed.
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Fig. 2 Design point in Z-space
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Fig. 3 Flowchart of optimization procedure
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Table 1 Optimal results of example 1
T 103 104 103
Volume (x1072m3) | 0.9371 | 0.9334 | 0.9261
Reliability index 3.004 | 2990 | 3.000
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Fig. 6 Reliability-based optimum configuration of
example 1 by using SLSV
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Table 2 Optimal results of example 2

T 1073 | 107* 105
Volume (x1072m3) | 1.027 | 0.9697 | 0.9666
Reliability index | 2.987 | 3.012 | 3.026

@t=10"3
b)yt=10"*
(©)T=107"

Fig. 7 Reliability-based optimum configuration of

example 2 by using SLSV
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Fig. 8 Convergence history by using SLSV (example
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Fig. 10 Convergence history by using double-loop
method (7 = 1073)

Table 3 Comparison of CPU time for T = 1073

Method CPU time [sec]
Deterministic 2084
Reliability-based (SLSV) 2438
Reliability-based (Double-loop) 65015

*CPU : Intel core 2 Duo 3GHz.

Table 4 Optimal results by using double-loop method
fort=10"3

Volume (x10~2m?) | 1.028
Reliability index 2.994
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Table 5 Results of Monte Carlo simulation
Py Var[Py] Cov[P/] B
17311073 | 4.332x 10710 | 1.196 x 1072 | 2.923
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ETH Y, HBMERHE S T 2 EBRE S 2570
SRETHLZ 0D, AEZETIEOGEEMEMTII T
BIBEEAEL VWD EERD.

7272 L, fEko “HL— 7L FEE, SLSV EIC &
DAFHEANERRAT OREEIL, R EHIZERIC I T D RRAR
R OIFREE I RE UKFTDH. DF, fHEFEE
BOSFEIEFAT N O a0, [RIVRIERI S D FEHE
PERFEWIG A OB ORBEN+5Th 5 LIFS
IRV, ZO LX) RIGAITB T A EEMEICESL MR
0 Y — ek s T DRV RA R FIEDMENLX, 4%
DOEET 5.

5. % Bl

ARFFETIL, FTECY VT RICEBHN D 55D
Va7 547 o AT HEEERIK O b & ToR
E RS & /M T D EREMEICES L bR e U— ik
FHMEICRT T 2REHEEZRE L. AR e U — Ak
FHZBWTIE, WRAEREREZE LTI, 7o—
AT 4 =)V RIEOE 2 FIZHS W= Lty hEE
AV, ZoOFECH LT, EEERROEZREL, ExX
{b&4T- 7.

Z LT, MRk it & R O & Tl
EReES D70, H— L —TETH2 SLSViEEH

W, BEIMEICEES < MR v O —Raliskat A e LTz
BUEFHAGITIE, WMEOKE S, MEHMBIUY
TROEBZZE LT, REFEEZRDS L& BT,
TROEHZHOL N L.

(1) #EER 2Rk st & ARk, RIS <R
BRREHIIB W T, WARRESIERA GO, £
BHEE 1 2/ ST 51250 T, L0 EHER TR
bis.

(2) SLSV AT DM U EE S <, DOy
PERMENTWT, fEER 2RISR R & AR O &
THRIBEZENFOND.

(3) [Rl—DEFEMERIFC LT, ML v 2/h &<
THIET, BHEO/NSIEENTFOND.
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