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Reliability-Based Topology Optimization for Frame Structure Considering
Multiple Performance Criteria Using SLSV Method
with Improvement of Convergence Property

Nozomu KOGISCF, Yutaka HIRANO, Shinji NISHIWAKI,
Kazuhiro 1ZUl, Masataka YOSHIMURA, and Seungjae MIN

*6 Department of Aerospace Engineering, Osaka Prefecture University,
1-1 Gakuen-Cho, Naka-Ku, Sakai, Osaka, 599-8531 Japan

This research applies SLSV (Single-Loop-Single-Variable) method to reliability-based
topology optimization (RBTO) for frame structures to improve computatioffi@iency. The design
problem is formulated to minimize the structural volume of frame structure in terms of cross-
sectional area of each frame element under the two reliability constraints. The two mode reliability
criteria consists of the mean compliance and mean eifenfrequency criterion under variations on
applied loads and nonstructural mass. Through numerical examples, higher computational efficiency
and accuracy of reliability approximation by the SLSV method are demonstrated in comparison with
those by the conventional double loop method that mode reliabilities are evaluated by the first order
reliability method (FORM). Additionally, the importance of normalization of the limit state functions
that are directly applied as constraint conditions in the SLSV method is also demonstrated.

Key Words: Reliability-Based Topology Optimization, SLSV Method, Ground Structure Approach, First
Order Reliability Method, Frame Structures
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Fig. 2 Design point inX-space
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Fig. 4 Ground structure of 2D frame.
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SLSV Double-loop
Bi 3.004 3.000
Ba 3.003 2.998
Volume (mn®) | 4832 4769
NFE (1) 412 2966
NFE (92) 412 3993
CPU time (sec.)| 36.56 146.9
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Fig. 8 Ground structure of 3D frame.

52 0O00O0OO0O0OODOOOO gooooon
ooooDoOoOOoOOO0O0O0O0o0oOoOooo swsvon
OoO0ogo70000opooOO400000000000
oopboo0l120000000000D0O00DOODO
goboobooooooboooboobooooog
goboooboooobooooobooobooobooo
ooopO0O0OC0COOODOOOOOOOO 30000
oCoooorORMOOO00O0OODOO 25000
goboboboooboobooboooboobogn
goboooboooooooboooboooooo
coooooooooooooosLsvoooooo

gobobooobooobbooobboobboo

gobooooboooobooobooobooooboog
ooo

oooooooOoooooooboobobooooboenO
Oo0oO0OosLsvooooopooooooooooboo
goboobooooboboooboobooboooobog
ooooo

53 3000000000 oooos8soooo
0300000000000000ooooooon
Ooooooooooo0ooooooooD 2000
oobooobooooboooobooobooooooog
000000000000 1,0 20851000000
0000000 386.05HZ0 000000000000
OO00o0o0o000 1% boo0ooooooooooo
oboooooboooooooobn

OO000oOooo 30000000 sLsvooooo
0000000000 9Yuooooooooooo
Oo0O0ooOoOooooDobuooooooooon
oobooboooooboooooboobooboooobog
oooooooO0oOooobooopoboooOoo 200
goboobooooboobooooobooooboobog
oobooooooooooboooboooooog
ooo

(a) SLSV method

(b) Double-loop method
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Table2 Comparison of computational performance

(3D, =3.0)
SLSV  Double-loop

Bi 3.024 3.000
Ba 2.988 2.997
Volume (mn?) | 63581 63791
NFE (1) 616 6358
NFE (&) 616 10075
CPU time (sec.)| 1262 8424
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Table 3 Comparison of computational performance
(3D, By =4.0and 5.0)
pr=4.0 pt=5.0

SLSV D-Loop | SLSV D-Loop

B 4.000 4.000 | 5.077 5.000

BAa 3.996 3.991 | 4992 4.994
Volume (mn¥) | 71143 72150 | 78544 80318
NFE (t1) 555 7349 | 586 10769
NFE () 555 9307 | 586 9492
CPUtime (sec.)| 971 8152 1007 8363

6. O a
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