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Development of an Efficient Optimization Technique for Robust Design
by Approximating Probability Constraints
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Abstract

Alternative formulation is presented for robust optimization problems and an efficient
computational scheme for reliability estimation is proposed. Both design variables and design
parameters are considered as random variables about their nominal values. To ensure the robustness
of objective performance a new cost function bounding the performance and a new constraint
limiting the performance variation are introduced. The constraint variations are regulated by
considering the probability of feasibility. Each probability constraint is transformed into a sub
optimization problem and then is resolved with the modified advanced first order second moment
(AFOSM) method for computational efficiency. The proposed robust optimization method has
advantages that the mean value and the variation of the performance function are controlled
simultaneously and the second order sensitivity information is not required even in case of gradient
based optimization. The suggested method is examined by solving three examples and the results
are compared with those for deterministic case and those available in literature.
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Fig.1 Comparison of safety indices
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Table 1 The robust optimal design results of a
mathematical problem
Deterministic | Weighting
method method® Present
Object 17.45 2033 | 20.19
function,
Variance 12.96 0.954 0.942
X 1.762 2.234 2232
X, 2.061 3.942 3.851
G, Constraint
satisfaction % 49.97 99.98 99.98

Fig.3 Two-bar truss design
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Table 2 The robust optimal design results of two bar

truss desigzl
Deterministic | Constraint Present
method method”
Object
function, ke 1.5033 1.6135 1.6124
Variance , 10 0.6851 0.7815 | 0.7796
X, , cm? 1.4070 1.5070 1.5055
X,, m 0.3764 0.3827 0.3817
G, Constraint
satisfaction , % 48.71 99.83 99.82
G, Constraint
satisfaction , % 99.99 99.99 99.99

Table 3 Comparison of the results using different
subproblem optimization methods in present

method
B (5) Modified
MFD HL-RF HL-RF
Obje‘“kf‘g““‘"“’ 16177 | 16194 | 16124
Variance, 107 0.7850 0.7863 0.7796
X, , cm’ 1.5135 1.5173 1.5055
X, , m 0.3772 0.3731 0.3817
G, Constraint
satisfaction , % 99.89 99.89 99.82
G, Constraint
satisfaction , % 99.99 99.99 99.99
Function call 13 29 6
No.
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Subject to
Ty - r( p) > 0.0
Sq — (x,p) 2 0.0
x4 —x; 200 24
x; — 0125 2 0.0
5, - 8(x,p) = 0.0
P(x,p)- F 200
where,
x =fh 1 t b
F 1.348 kN
L 35.52 cm
E 206.7 GPa
G 82.68 GPa
p=18, =4 635 mm
1, 93.7 MPa
s, | 2067 MPa
C, 6.739x10°  $/m’
C, 2.936x10° $/m’
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Table 4 The robust optimal design results of welded
beam design

Deterministic | Constraint Present
method method”
Object
function, $ 2.036 2.679 2.383
Va’l‘%’_‘fe ’ 0.1647 02679 | 0.2193
X; , mm 4418 5.892 4.897
X, , mm 137.2 191.7 147.5
X; , mm 143.1 216.2 154.1
X, , mm 8.971 6.430 9.441
G; Constraint
satisfaction , % 99.99 99.96 99.99
G s Constraint
satisfaction , % 53.67 99.99 99.98
Table 5 Comparison of the results using different
subproblem optimization methods in present
method
_ (5) MOdlﬁCd
MFD HL-RF HL-RF
Object
function, $ 2.6543 2.4153 2.383
Variance, 107 | 0.2885 02327 | 02193
X; , mm 2.541 5.186 4.897
X, , mm 138.4 153.6 147.5
X; , mm 123.1 158.2 154.1
X; , mm 14.54 9.046 9.441
G 3 Constraint
satisfaction , % 99.99 99.99 99.99
G5 Constraint
satisfaction , % 99.93 99.98 99.98
Function call 36 65 8
No.
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