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Abstract: Robust optimization or reliability-based design optimization are some of the methodologies that are employed to take
into account the uncertainties of a system at the design stage. For applying such methodologies to solve industrial problems, accurate
and efficient methods for estimating statistical moments and failure probability are required, and further, the results of sensitivity
analysis, which is needed for searching direction during the optimization process, should also be accurate. The aim of this study is
to employ the function approximation moment method into the sensitivity analysis formulation, which is expressed as an integral
form, to verify the accuracy of the sensitivity results, and to solve a typical problem of reliability-based design optimization. These
results are compared with those of other moment methods, and the feasibility of the function approximation moment method is
verified. The sensitivity analysis formula with integral form is the efficient formulation for evaluating sensitivity because any
additional function calculation is not needed provided the failure probability or statistical moments are calculated.
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Table 1 Sensitivity results of the elastic beam problem

7 | Exact | 3 FFMM | FAMM
T | 11363 | 11363 | 114l
Oty 2 | 1125 1125 1125
Oy,
3 1 1 1
0.13213 | 0.13764
1| 013382
126%) | (2.85%)
905 0.19219
o0 2 | 020372 | 020185
(-5.66%)
31 00 0.0 20.00817
20.00533 | -0.00512
1 |-0.00519
270%) | (-1.35%)
P <0l | 5 | o o0sgy | 000SIT | 000557
aﬂx, (-12.95%) (-5.11%)
0.00323 | 0.00323
3 | 000313
(G.19%) | (3.19%)

*1% vvke] 2= () E71 A
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Fig. 1 Elastic beam under uniform load
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Table 2 Sensitivity results of speed reducer

Table 3 Results of reliability-based design optimization

i | 5" FFMM FAMM

2 | -0.01671 -0.01672
oy 3| -6.881x10™ -6.882x10
o [T4 | 1.602¢107 1.604x107

6 -0.8450 -0.8447
2 | -5.065x10™ -5.127x10™
o0, 3| -2.086x10° | -2.138x107
O T4 | 4842100 4.853x10°

6 | -0.03384 -0.03378

2 0.07869 0.07846
% 3 | 3.240x10° 3.232x10°
[ 4] 7542¢10° | -7.523x10°

6 4.035 40165

Fig. 2 Illustration of speed reducer
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