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Abstract

Among various sensitivity evaluation techniques, semi-analytical method is quite popular since this method is more

advantageous than analytical method and global finite difference method. However, SAM reveals severe inaccuracy

problem when relatively large rigid body motions are identified for individual elements. Such errors result from the

numerical differentiation of the pseudo load vector calculated by the finite difference scheme. In the present study, the

adjoint variable method combined with complex variable is proposed to obtain the shape and size sensitivity for

structural optimization. The complex variable can present accurate results regardless of the perturbation size as well as

easy to be implemented. Through a few numerical examples of the static problem for the structural sensitivity, the

efficiency and reliability of the adjoint variable method combined with complex variable is demonstrated.
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3.1 Traditional Adjoint Variable Method
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3.2 Combining with Complex Variable Method
3.2.1 Review of complex variable method
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4.1 Cantilever Beam

8|

Fig. 1 Configuration of clamped beam and transverse
force (F = IN/mm, E = 2.1x10°N, v =0.3)

T. S50mm _|

Perturbation direction
of design variable

T

Fig. 2 Sensitivity position and the design direction by
perturbation of design variable
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Table 1. Comparison of displacement sensitivities in the
cantilever beam (> 10)

log|pert| GDM TSAM ACVM
-1 2.463 2.829 2.205
-2 2.256 1.683 2.234
-3 2.236 2.179 2.234
-4 2.234 2.229 2.234
-5 2.234 2.234 2.234
-6 2.234 2.234 2.234
-7 2.234 2.234 2.234
-8 2.236 2.236 2.234
-9 2.247 2.249 2.234
-10 2.431 2.400 2.234
-11 3.413 2.732 2.234
-12 11.30 17.49 2.234
-13 255.3 195.9 2.234
-14 429.2 745.0 2.234
-15 158.3 597.3 2.234

4.2 Strip in Tension Problem

Fig3 & strip o] €%olA 14 o] A&at= &
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Fomol guse o gor, NgE AL
& 9% AAMEE Figd ol YT,

Symmetric condition F=IN/mm

H=20mm E

Symmetric condition

L=100mm

Fig. 3 Configuration of the strip bar under tension

|
PR ALBEE)

Fig.4 Design variable of the strip bar
2
O, | _ PV )=4.55><10*"
ac |, Et
F=IN/mm,L=100mm, t =1mm (20)

E=2x10°N/mm, v =0.3, H =20mm
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Table 2. Comparison of displacement sensitivities in the
strip bar(< 10”)
log|pert| GDM TSAM ACVM
-1 -0.4550 -0.5056 -0.4550
-2 -0.4550 -0.4596 -0.4550
-3 -0.4550 -0.4555 -0.4550
-4 -0.4550 -0.4550 -0.4550
-5 -0.4550 -0.4550 -0.4550
-6 -0.4550 -0.4550 -0.4550
-7 -0.4550 -0.4550 -0.4550
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-8 -0.4550 -0.4550 -0.4550
9 -0.4550 -0.4550 -0.4550
-10 -0.4547 -0.4550 -0.4550
-11 -0.4540 -0.4558 -0.4550
-12 -0.3976 -0.4220 -0.4550
-13 -0.2158 -0.3111 -0.4550
-14 2.0925 -2.7253 -0.4550
-15 242319  -1.0484 -0.4550
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