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Abstract

Three methods of design sensitivity analysis for structures such as numerical method, analytical method
and semi-analytical method have been developed for the last three decades. Although analytical design
sensitivity analysis can provide very exact result, it is difficult to implement into practical design problems.
Therefore, numerical method such as finite difference method is widely used to simply obtain the design
sensitivity in most cases. The numerical differentiation is sufficiently accurate and reliable for most linear
problems. However, it turns out that the numerical differentiation is inefficient and inaccurate in nonlinear
design sensitivity analysis because its computational cost depends on the number of design variables and large
numerical errors can be included. Thus the semi-analytical method is more suitable for complicated design
problems. Moreover, semi-analytical method is easy to be performed in design procedure, which can be
coupled with an analysis solver such as commercial finite element package. In this paper, implementation
procedure for the semi-analytical design sensitivity analysis outside of the commercial finite element package
is studied and the computational technique is proposed for evaluating the partial differentiation of internal
nodal force, so called pseudo-load. Numerical examples coupled with commercial finite element package
are shown to verify usefulness of proposed semi-analytical sensitivity analysis procedure and computational
technique for pseudo-load.
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Fig. 3 Finite element model of plate shell structure

Table 1 Geometric and material properties of plate

Length of side (m) 1

Load (N) 1000
Young’s modulus (GPa) 209
Poisson’s ratio 0.3

Design variable (thickness, m) 0.01
0.00001

Perturbation (%)

Table 2 Comparison of the displacement design
sensitivity between finite difference method
and semi-analytical method for plate

du. /db de . /db do, / db

FDM 0.273800 1.189163 -1.238536

Semi 0.273830 1.189205 -1.238599
Error(%) 0.0110 0.0035 0.0051

Table 3 Comparison of the stress design sensitivity
between finite difference method and semi-
analytical method for plate

d8, /db do, /db de,, | db
FDM | 1532736740 1354705000  -4356397000
Semi 1532778408 1354721496  -4556547694
Error(%) 0.0027 0.0012 0.0033
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Fig. 4 Finite element model of cylindrical shell structure

Table 4 Geometric and material properties of cylinder

Length of cylinder (m) 10
Load (N) 1000
Young’s modulus (GPa) 209
Poisson’s ratio 0.3
Design variable (thickness, m) 0.01
Perturbation (%) 0.00001

Table 5 Comparison of the displacement and von- Mises
stress design sensitivity between finite difference
method and semi-analytical method for cylinder

U, /db  qU,/db  ds,, /db

FDM 0.056585 0.002519 -579028000

Semi 0.056601 0.002520 -579091871
Error(%) 0.0283 0.0397 0.0110




1596

b)
£
rx
gt
123
—LI
g
o
1o
i
=
ra
o
H
=l
2

5‘— c#lxﬂoﬂﬁ‘ Fig. 5 & 22 ¥ 7xE9 73}
vl g o gk W HANAENN L S5}
od‘;],_

3

Wo gHA 2 Palzgola FolE AANTE
ARsAT. AAZTEE B AFgy #Yolth
2 UL Table 6 T 20 Table 7 Al A A
vREsA Ao FPaEye] 2F4E v uskgl
. vdyg sidY Aex 4 AANAE
At GEAEwRe QA7 0.15% ojUlE Z A3
3kat lch

=

e

o

§

Fig. 5 Finite element model of nonlinear beam structure

Table 6 Geometric and material properties of beam

Length of each beam (m) 0.2

Load (N) 1000

Young’s modulus (GPa) 209

Poisson’s ratio 0.3

Design variable (height, m) 0.01
Perturbation (%) 0.00001

Table 7 Comparison of the displacement design
sensitivity between finite difference method
and semi-analytical method for nonlinear
beam structure

du, /db du, /db de_ /db

FDM -2.553014 7.384457 0.035813
Semi -2.556915 7.384125 0.035794
Error(%) 0.1526 0.0045 0.0531
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