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A Study on Shape Optimum Design for Stability of Elastic Structures
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Abstract

This paper addresses a method for shape optimization of a continuous elastic body considering stability, i.e., buckling behavior,
The sensitivity formula for critical load is analytically derived and expressed in terms of shape variation, based on the continuum
formulation of the stability problem. Unlike the conventional finite difference method (FDM), this method is efficient in that only a
couple of analyses are required regardless of the number of design parameters. Commercial software such as ANSYS can be
employed since the method requires only the result of the analysis in computation of the sensitivity. Though the buckling problem
is more efficiently solved by structural elements such as a beam and shell, elastic solids have been chosen for the buckling analysis
because solid elements can generally be used for any kind of structure whether it is thick or thin. Sensitivity is then computed by
using the mathematical package MATLAB with the initial stress and buckling analysis of ANSYS. Several problems are chosen in
order to illustrate the efficiency of the presented method. They are applied to the shape optimization problems to minimize weight
under allowed critical loads and to maximize critical loads under same volume.
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Fig. 1 Overall procedure to calculate sensitivity

78 BIEMMPREZEE =22 H20H HM1E(2007.2)

I

Fig. 2 Buckled shape of straight beam with curved
section

Fig. 3 Buckled shape of a bottle shaped column
under compression

(b) Optimum design

(a) Initial design

Fig. 4 Buckled shape of curved beam
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Table 1 Optimum value of curved beam

INITIAL DSA FDM

bl 0.5 0.11672192 0.1
b2 0.1 0.08333444 0.081209
volume 0.4 0.316353 0.324836
crit 2.70E+08 2.71E+08 0.7E+08




(a) Optimum by DSA (b) Optimum by FDM

Fig. 5 Buckled shape of curved section at optimum
design

(b) Optimum by (¢) Optimum by
DSA FDM
Fig. 6 Cross sectional shape of curved section

(a) Initial

Objective Function History

40 B
\

Objective
4

0 5 10 15 20
Design lteration

Fig. 7 History of curved section

Table 2 Optimum value of curved section

Table 3 Optimum value of a bottle shaped column

INITIAL DSA FDM
bl 24 1.6828770 1.7239061
b2 1.7 1.7757963 1.6792110
b3 1 1.1962210 1.2046751
volume 21.991 20.189470 20.111341
crit 2.90E+09 2.90165E+09 | 2.89537E+09

INITIAL DSA FDM
bl 0.8 7.18E-02 4.13E-02
b2 1.0 6.97E-01 5.63E-01
b3 1.0 4.90E-01 -5.61E-01
b4 0.8 -1.69E-02 4.76E-02
bb 0.5 2.69E-01 2.96E-01

volume 4.00E+01 1.08E+01 1.18E+01
crit 3.00E+09 3.22E+09 4,04E+09
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Fig. 8 Optimum design of a bottle shaped column
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Table 4 Optimum value of curved section in case of

t = 0.b
INITIAL DSA FDM
bl 0.0 0.0000 -0.2000
b2 0.0 2.6400 2.6426
b3 0.0 2.6400 2.6400
b4 0.0 -0.2000 -0.2000
volume 80 80.0000 80.0000
crit 8.96E+08 1.00E+10 1.00E+10
(a) Initial (b) Optimum by (c) Optimum by

DSA FDMZ
Fig. 10 Buckled shape of curved section in case of
¢t = 0.5 at optimum design
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Fig. 11 History of curved section in case of ¢ = 0.5

c s

(b) Optimum by (¢) Optimum by
DSA FDM
Fig. 12 Buckled shape of curved section in case of

+ = 0.4 at optimum design

(a) Initial
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Fig. 13 History of curved section in case of ¢ = 0.4
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Table 5 Optimum value of curved section in case of
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Table 7 Mode of critical buckling loads of curved
section in thin case at optimum

t =04
INITIAL DSA FDM

bl 0.0 -0.2000 -0.2000

b2 0.0 2.6400 2.6426

b3 0.0 2.6400 2.6400

b4 0.0 -0.2000 -0.2000
volume 64 64.0000 64.0000

crit 5.78E+08 9.78E+09 9.79E+09

Table 6 Comparison of convergence rate

DSA FDM
Computing time 516.72 1922.3
Iteration of best design 3 4
Total analysis calls 8 25
3.2.3 A7} gk 324 7159 B4 #HAs

old3} FLF AN FAE 0.3, 0.2, 0.1 44 &
dEekth AR AAl Ao 7] AR TG Ao
2 APz, olje] HFZEFL Fig. 159} 2t} olf& Fig.
14904 B AAR FA3 EE T4 W2l 35 27

Z(Repeated eigenvalue) Ezﬂ o BasA =,
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T2 Ag 270] Bag o= ogHEn)

s

Case of t=0.3
Case of t=0.2
Case of t=0.1
Fig. 14 Buckled shape of curved section in thin case

at optimum

Thickness Model Mode2
Initial 3.28E+08 9.78E+08
0.3 DSA 9.05E+09 9.28E+09
FDM 8.47E+09 8.49E+09
Initial 1.47E4+08 4.44E+08
0.2 DSA 6.69E+09 6.82E+09
FDM 6.75E+09 6.74E+09
Initial 3.70E+07 1.14E+08
0.1 DSA 4.05E+09 4. 60E+09
FDM 5.14E+09 5.21E+09
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