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The Efficient Sensitivity Analysis on Statistical Moments
and Probability Constraints in Robust Optimal Design
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Abstract

The efforts of reflecting the system’s uncertainties in design step have been made and robust optimization
or reliability-based design optimization are examples of the most famous methodologies. In their
formulation, the mean and standard deviation of a performance function and constraints expressed by
probability conditions are involved. Therefore, it is essential to effectively and accurately calculate them
and, in addition, the sensitivity results are required to obtain when the nonlinear programming is utilized
during optimization process. We aim to obtain the new and efficient sensitivity formulation, which is based
on integral form, on statistical moments such as the mean and standard deviation, and probability constraints.
It does not require the additional functional calculation when statistical moments and failure or satisfaction
probabilities are already obtained at a design point. Moreover, some numerical examples have been
calculated and compared with the exact solution or the results of Monte Carlo Simulation method. The
results seem to be very satisfactory.
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Table 1 Sensitivity results of the elastic beam problem
(a) COV=5%

i Exact FFMM
1 1.128 1.128
Ong 2 1125 1125
ou,,
3 1.0 10
1 0.07137 0.07139
90y 2 0.05359 0.05361
Ouy,
3 0.0 0.0
1 0.0 0.0
OPrg <0] 2 0.0 0.0
op,, ' .
3 0.0 0.0
(b) COV = 10%
i Exact FFMM
1 1.136 1.136
Oug 2 1.125 1125
ou,,
3 10 1.0
1 0.1429 0.1429
Goy 2 0.1077 0.1077
Otty,
3 0.0 0.0
1 2000175 | -0.00173
ﬁ%g_ﬁﬂ 2 20.00108 | -0.00106
M,
3 0.00099 0.00099

T 17 11
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Fig. 1 Elastic beam under uniform load®®
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Table 2 Sensitivity results of the equation (15)
() COV=5%

i MCS FFMM
ony 1 0.16345 | 0.16341
on,, 2 | 013150 | 013120
5 1 | -0.00862 | -0.00863
had &

o, 2 | -001184 | -0.01204

opig<0y | 1 0.0 0.0
on, 2 0.0 0.0

(b) COV = 10%

i MCS FFMM
oy 1 0.16359 | 0.16339
on, 2 | 013350 | 0.13301
5 1 | 001738 | -0.01725
had 3
o, 2 | 002480 | -0.02457

opqg<o] | 1 | 021232 | -021948
on, 2 [ 015277 | -015711
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Table 3 Sensitivity results of speed reducer

i | 5"FFMM 3" FFMM
2 -0.01671 -0.01671
ou, 3 | -6.881x10* | -6.881x10™
O, 4 [ 1.602¢107 | 1.602x107
6 -0.8450 -0.8450
2 | -5.065x10% | -5.065x10™
do, 3| -2.086x10° | -2.085x10™
O, 4| 4842x10° | 4.842x10°
6 -0.03384 -0.03378
2 0.07869 0.07871
“’;a[iﬁ_"] 3 | 3240x10° | 3241x10°
' 4 | 7542x10° | -7.544x10°
6 4.035 4.141
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