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Abstract

Design sensitivity analysis of the second order perturbed eigenproblems for random structural sys-
tem is presented. Dynamic response of random system including uncertainties for the design variable is
calculated with the first order and second order perturbation method to original governing equation. In
optimal design methods, there is fundamental requirement for design gradients. A method for calculat-
ing the sensitivity coefficients is developed using the direct differentiation method for the governing

equation and first order and second order perturbed equation,
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Fig. 1 Ten-member cantilever truss

Table 1 Design Data for Ten-Member Cantilever Truss

Modulus of elasticity=6894.76 MPa

Material density =2867.99 kg /m3

Initial expected value of area (x%) =6 45E-04 m?
Lower limit of the frequency constraint (42)=16 Hz
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Tabie 2 Design Derivatives of constraints for Deterministic

Truss

No. Design dyf /dx?
1 6.45E-04 —456.106
2 6.45E-04 200.184
3 6.45E-04 —456.106
4 6.45E-04 200.184
5 6.45E-04 80.495
6 6.45E-04 407.946
7 6.45E-04 —228.129
8 6.45E-04 —228.129
9 6.45E-04 239.829
10 6.45E-04 239.829

Table 3 Comparison of the Deterministic Eigenvalue Sensi-
tivity Calculation

Const. ! Uit A% aex10%
Y 01199 0119 00 024I8E1 -

Table 4 Design Derivatives for the First-Order perturbed

Truss

No, Design dyf /dx°
1 6.45E-04 —319.619
2 6.45E-04 370.275
3 6.45E-04 —318.251
4 6.45E-04 370.419
5 6.45E-04 256.709
6 6.45E-04 577.846
7 6.45E-04 — 72.181
8 6.45E-04 — 71.646
9 6.45E-04 404.374
10 6.45E-04 404.502

Table 5 Comparison of the First-Order Perturbed Sensitivity
Calculation
Const.  y;! ¥2 Ay v ayx1000%
¥, 0.2249 0.2243 0.0  0.1033E03 —

Table 6 Design Derivatives for the Second-Order Perturbed

Truss

No, Design dyf /dx?
1 6.45E-04 —382.159
2 6.45E-04 304.746
3 6.45E-04 —381468
4 6.45E-04 304.910
5 6.45E-04 186.821
6 6.45E-04 515.804
7 6.45E-04 —139.046
8 6.45E-04 —138.591
9 6.45E-04 341.733
10 6.45E-04 341.893

Table 7 Comparison of the Second-Order Perturbed Sensi-
tivity Calculation

Const. g1 v* Ay W agx1000%
A 02033 0.2033 0.0 06157E-M -
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Fig. 2 Stepped beam

Table 8 Design Data for the Stepped Beam

The expected value of modulus of elasticity=21000
kgf /mm?

The expected value of material density=0.796 x107°
kg - s2/mm*

Initial expected value of area (A®)=25 mm?

Lower limit of the frequency constraint (42)=1559 Hz
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Table 9 Design Derivatives for Deterministic Beam

No. Design dyf /dA°
1 25.0 —0.0240
2 25.0 —0.0153

Table 10 Comparison of the Deterministic Sensitivity Cal-
culation

Const. ¢! Ut A W [ aeXa00%
Y, LSBE0 257EQ2 9.T5BM8 -98%E 100.8

Table 11 Design Derivatives for the First-Order perturbed

Beam
No. Design dyT /dA®
1 25.0 —2.110E-02
25.0 —1.260E-02

Table 12 Comparison of the First-Order Perturbed Sensi-

tivity
Const. ;! e Ay b /Ay x100%
¥, -0.6891E-02-0.1672E-01 9.892E-03 -8.425E-03 85.72

Table 13 Design Derivatives for the Second-Order Pertur-

bed Beam
No. Design dyf /dA°
1 25.0 —2.120E-02
2 25.0 —1.270E-02

Table 14 Comparison of the Second-Order perturbed Sen-

sitivity
Const.  y,' ¥ ' Vi T agx100%
¥, 0.7072E-02-0.1630E01 -0.828E-03 -8.475E-03 86.23
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