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Shape Design Sensitivity Analysis for Stability of Elastic Structures
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Abstract

This paper addresses the method for the shape design sensitivity analysis of the buckling load in the

continuous elastic body. 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. Though the buckling problem
is more efficiently solved by the structural elements such as beam and shell, the elastic solids are considered
in this paper because the solid elements can be used in general for any kind of structures whether they are
thick or thin. The initial stress and buckling analysis is carried out by the commercial analysis code ANSYS.
The sensitivity is computed by using the mathematical package MATLAB using the results of ANSYS.
Several problems including straight and curved beams under compressive load, ring under pressure load, thin-

walled section and bottle shaped column are chosen to illustrate the efficiency of the presented method.
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Table 1 Sensitivity comparison of critical load in the straight beam problem

Nx | Ny Gritical Load Design variable = Length 2.0 : Design variable = Half height 0.1 .
FOM DSA Ratio FOM D3A Ratio
10| 2 4.0799E+08 | —4.0405E+08 | -4.5268E+08 | 112.04 8.0983E+09 1.0142E+10 | 125.23
10} 4 4.0797E+08 | -4.0397E+08 | -4.5398E+08 | 112.38 8.0947E+09 8.6315E+09 | 106.63
0 8 4.0797E+08 | —4.0409E+08 | -4.44656+08 | 110.04 8.0952E+09 8.2539E+09 | 101.96
10| 16 | 4.0798E+08 | -4.0404E+08 | -4.3678E+08 | 108.10 8.0964E+09 8.1632E+09 | 100.83
20| 2 4.0792E+08 | -4.0404E+08 | -4.3517£+08 | 107.70 8.0959E+09 1.0106E+10 | 124.83
20 4 4.0789E+08 | -4.0400E+08 | —4.2706E+08 | 105.71 8.0946E+09 8.6200E+09 | 106.49
20| 8 4.0789E+08 | -4.0397E+08 | ~4.1720E+08 | 103.27 8.0953E+09 8.2420E+09 | 101.81
20| 16 | 4.0790E+08 | —4.0395E+08 | -4.1398E+08 | 102.48 8.0919E+09 8.1469E+09 | 100.68
40| 2 4.0791E+08 —4.0414E+08 | —4.3158E+08 | 106.79 8.0958E+09 1.0084E+10 124.55
40| 4 4.0789E+08 | ~4.0393E+08 | -4.2162E+08 | 104.38 8.0947E+09 8.6113E+09 | 106.38
40| 8 4.0789E+08 —4.0397E+08 | -4.1112E+08 | 101.77 8.0945E+09 8.2401E+09 101.80
40| 16 4.0789€E+08 -4.0389E+08 | ~4.0750E+08 | 100.89 8.0952E+09 8.1455E+09 100.62

Zl 0l 0.1

AT X f

Fig. 2 FE model of a curved beam with constant
thickness in case of ¢ =0.1
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Sensitivity comparison of critical load in the
curved beam with constant thickness

Design
variable

Thickness| Critical Load

FOM

DSA

Ratio

height at
mid-point

0.1 2.7590E+08
0.02 1.0945E+07
0.01 2.7339E+06

-5.0840E+08
-2.1170E+07
—5.3030E+06

-5.2938E+08
—2.2259E+07
—5.8243E+06

104.13
105.15
109.83

thickness

0.1 2.7590E+08
0.02 1.0945E+07
0.01 |'2.7339E+06

5.5365E+09
2.1931E+07
5.4694E+06

5.6277E+09
2.2270E+07
5.5506E+06

101.65
101.55
101.48
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(a) Initial stress state

Fig. 3 Ring under point load

(b) Buckled shape

Table 3 Sensitivity comparison of critical load in the ring problem

. Design variable = Radius 2.0 Design variable = Thickness 0.1

Na| No | Critical Load FOM Ratio FDM DSA Ratio

10] 4 | 7.5486E+06 | -1.0628E+07 | -2.95906+07 | 278.41 | 2.1316E+08 | 2.1548E+08 | 101.09

20]| 4 | 7.36306+06 | —1.0550E+07 | -1.3295E+07 | 126.01 | 2.1161€+08 | 2.19526+08 | 103.74
P’f::;"e 40| 4 | 7.3520E+06 | -1.05458+07 | -1.2415E+07 | 117.73 | 2.1151E+08 | 2.1962E+08 | 103.83
40| 8 | 7.3520E+06 | -1.05456+07 | -1.1136E+07 | 105.60 | 2.1150E+08 | 2.1335E+08 | 100.87

40} 16 | 7.3520e+06 | —1.0545e+07 | —1.07668+07 | 102.09 | 2.1150e+08 | 2.1181€+08 | 100.14

10| 4 | 2.8552E+07 | -2.7565E+07 | -8.5063E+07 | 308.59 | B8.3847E+08 | 8.4456E+08 | 100.73

point | 20| 4 | 279526407 | -2.77656+07 | -4.18056+07 | 150.57 | 8.3648E+08 | 8.6549E+08 | 103.47
oad | 40| 4 [ 2.7945E407 [ -2.7795€+07 | -4.6742E+07 | 168.17 | 8.3701E+08 | 8.6749E+08 | 103.64
40| 8 | 2.7927E+07 | -2.7768E+07 | ~3.8474E+07 | 138.55 | 8.3620E+08 | 8.4314E+08 | 100.82

40| 16 | 2.7863E+07 | -2.7667E407 | -2.9431E+07 | 106.38 | 8.33606+08 | 8.3496E+08 | 100.15

(b) Buckled shape
Fig. 4 Straight beam with curved section
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Fig. 5 Buckled shape of a bottle shaped
column under compression

Table 4 Sensitivity comparison of critical load in the
straight beam with curved section

Design
variable

z
x
z
<
z
N

Critical Load FOM DSA Ratio

5 | 6.6859E+08 { 2.5818E+09 | 2.6355E+09 |102.08
10 | 6.6295E+08 | 2.5888E+09 | 2.6474E+09 |102.26
20 | 6.6478E+08 | 2.6011E+09 | 2.6397E+09 1101.48
40 | 6.6623E+08 | 2.6069E+09 | 2.6333E+09 |101.01
10 | 6.6288E+08 | 2.5888E+09 | 2.6664E+09 [103.00
10 | 6.6277E+08 | 2.5884E+09 | 2.6520E+09 |102.45
20 ] 6.6467E+08 ) 2.6008E+09 | 2.6402E+09 )101.52
6.6859E+08 | 2.7474E+09 | 3.6628E+09 [133.32
10 | 6.6295E+08 | 2.6650E+09 | 3.8627E+09 |144.94
20 | 6.6478E+08 | 2.6614E+09 | 3.2607E+09 1122.52
40 ] 6.6623E+08 | 2.6637E+09 | 2.8215E+09 |105.92
10 | 6.6288E+08 { 2.6636E+09 | 2.8360E+09 [106.47
10 ) 6.6277E+08 | 2.6594E+09 | 2.8145E+09 {105.83
20 ] 6.6467E+08 | 2.6610E+09 | 2.7351E+09 1102.79

height at
mid-
point

[ N I ]

<o O

thikness

(LIRSS T )

[ N N [ - I
3]

(=l ]

Table 5 Sensitivity comparison of critical load
in the ring problem

Nz | Giitical Load v:szi:gs FDM DSA Ratio
2.4 2.6957E+08 | 2.8039E+08 | 104.01
20 | 510298400 1.7 1.3190E+09 | 1.3103E+09 | 99.34
1.0 4.26206+09 | 4.5641E+08 | 107.09
0.2 2.0432E+09 | 2.44696+09 | 119.76
2.4 2.6450E+08 | 2.7040E+08 | 102.23
1.7 1.3085E+09 | 1.3038E+09 | 99.64
40| 3.0962E+09 10 4.2402E+09 | 4.3893E+09 | 108.52
0.2 2.09926+09 | 2.2318E+09 | 106,32
2.4 2.6366E+08 | 2.6746E+08 | 101.44
1.7 1.3068E+09 | 1.3061E+09 | 99.94
60 [ 3.0039E+09 1.0 4.2359E+09 | 4.3296E+09 | 102.21
0.2 2.1078E+09 | 2.2468E+09_| 106,59
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