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Abstract: Although many reliability analysis and reliability-based design optimization (RBDO) methods have been
developed to estimate system reliability, many studies assume the uncertainty of the design variable to be constant. In
practice, because uncertainty varies with the design variable's value, this assumption results in inaccurate conclusions
about the reliability of the optimum design. Therefore, uncertainty should be considered variable in RBDO. In this
paper, we propose an RBDO method considering variable uncertainty. Variable uncertainty can modify uncertainty for
each design point, resulting in accurate reliability estimation. Finally, a notable optimum design is obtained using the
proposed method with variable uncertainty. A mathematical example and an engine cradle design are illustrated to
verify the proposed method.
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Table 1 Tolerance information of hot-rolled steel plates
supervised by Korea Industrial Standards

Nominal thickness Tolerance
[mm] [mm]
000 <t <125 + 0.16
125 £t < 1.60 + 0.18
1.60 < t < 2.00 + 0.19
200 <t < 250 + 0.20
250 <t < 3.15 + 0.22
630 < t < 10.00 + 0.55

0.7

Step: tolerance data
sl Continuous: monotonic cubic spline
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Fig. 1 Tolerance with respect to nominal thickness and

monotonic cubic spline approximation of

tolerance
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Table 2 Results of current, reliability-based design
optimization and the proposed method for
mathematical example

Current Proposed
design RBDO method
Xq 5.0000 5.9267 6.1713
X, 5.0000 3.1978 2.7643
+0.5000
+0. - 5491
Tolerance of x; +0.5000 (0.5433)* 0.549
+0.5000
+0. N .
Tolerance of x, +0.5000 (0.2440)* 0.2271
0.9500
. < 1. .
Prob.[G,(X) < 0] 0000 (0.9985)"* 0.9500
0.9500
. < 951 .
Prob.[G3(X) <0]| 09518 (0.9515) 0.9500
f(x) 0 -2.7288 | -3.4070

* true tolerance
** true reliability
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Fig. 2 Optimum point of current, reliability-based design
optimization and the proposed method for
mathematical example
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Table 3 Results of current and the proposed method for engine cradle example
Current design Conventional RBDO Proposed method
Nomalized Tolerance Nomalized Tolerance Nomalized Tolerance
thickness thickness thickness
X1 0.100 +0.19 0.888 +0.19 (0.2284) 0.893 +0.2287
Xy 0.100 +0.19 0.165 +0.19 (0.1927) 0.163 +0.1926
X3 0.435 +0.20 0.276 +0.20 (0.1927) 0.275 +0.1927
X4 0.435 +0.20 0.151 +0.20 (0.1867) 0.147 +0.1865
Xs 0.714 +0.22 0 +0.22 (0.1389) 0 +0.1389
Xe 0.536 +0.20 0 +0.20 (0.1389) 0 +0.1389
Xy 0.464 +0.20 0 +0.20 (0.1389) 0 +0.1389
Xg 0.067 +0.14 0 +0.14 (0.1181) 0 +0.1181
Xg 0.067 +0.14 0 +0.14 (0.1181) 0 +0.1181
Prob.(Gyo) 0.9987 (0.9976) 0.9987
Prob.(Gsy) 0.9987 (0.9989) 0.9987
Normalized 1 0.9772 0.9778
mass
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to minimize mass

subject to Prob. [Gj(X) < 0] >99.87% (30) (5

LB; < x; < UB;

where

G;(X) = stiffness; "8 — stiffness;(X), j = 1,-+,27
G;(X) = life;""8*" — life; (X), j = 28,-+-,52

G;(X) = perm;(X) — perm;""®%, j = 53,--- 56

X; = N(xi, o (xi))
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