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Abstract

Structural optimization often requires the evaluation of design sensitivities. The Semi Analytic

Method(SAM) for computing sensitivity is popular in shape optimization because this method has several
advantages. But when relatively large rigid body motions are identified for individual elements, the SAM
shows severe inaccuracy. In this study, the improvement of design sensitivities corresponding to the rigid
body mode is evaluated by exact differentiation of the rigid body modes. Moreover, the error of the SAM
caused by numerical difference scheme is alleviated by using a series approximation for the sensitivity
derivatives and considering the higher order terms. Finally the present study shows that the refined SAM
including the iterative method improves the results of sensitivity analysis in dynamic problems.
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Fig. 2 Free vibration of a simply supported plate
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Table 1 Sensitivity calculation of eigenvectors in the rectangular plate

< Node 15 >
2~ mode 4~ mode 7™ mode 8 mode
Agia body Itertion Riga body Reration Rigd body raratian Rgid body ermion
=mperation paration soporation eeparmion
167 512132 5.0008 5737 -0.0i08 17 4568 -.0054 20.5043 ~0.0003
107 ~43214 -0.0008 0.7371 -0.00¢2 14767 -0.0604) 1.7284 -~0.0003
10+ -0.4265 -0.0005 .0696 -0.0032 aras -0.0a04 01697 ~0.0003
17 -0.043 -0.0005 0.004 -0.0033 00141 -0.0004 00167 -~0.0003
10 -0.0015 -0.0005 -0.0011 -0.0033 o o2 -0.0004 0.005 ~g.0003
107 -0.0009 -0.0005 -0 0032 -0.0033 -0.0003 -0.0004 -~0.0001 ~0.0003
[Ehd -0.0005 -0.0005 -0.0033 -0.0033 -0 0094 -0.0024 -0.0003 ~0.6003
[l -0.0005 -0.0005 -0 0033 -0.0033% -0.0004 -0.0004 -0.0003 ~0.0003
R -0.0005 -0.0005 -0.0033 -0.0033 -0.a004 -0.0008 -0.0003 -0.0003
o -0.0013 -0.0005 -6.0031 -0.0033 -0.0002 -0.0004 -0.0013 -0.0003
< Node 36 >
2 mode 4~ mode ™ mode 8™ mode
Fgid body neration Rigd body Peration Figd booy Heration P body Hemion
weparation wparation separmion senarwio:
107 -282.3 0.0494 -28.6 ©.0358 BYY] 0.015¢ 323 00013
107 ~2a 7483 -0.0025 ~2 4142 0.037 -3.a78 0.0017 27718 00013
107 -2.4388 -0.0927 -8 228 o.0to8 -0.338 0,007 .2733 00013
107 -0.2453 -0.0827 £.0131 0.0108 -0.0323 D.oat? 0.028%5 [XCIE
10 ~0.0244 -0.0027 ©.005 0.0108 -0.0031 0007 D.0025 0.0013
107 -0.9081 -0.0027 a.c105 0.0108 0.0013 0.0017 ©.0016 0.00(3
10 -0.0027 -0.002? c.0108 0.0108 EXTIE 0.0017 0.0013 c.op 3
10 -0.0028 -0.0027 ©c.0108 0.0108 00017 c.0017 0.00(3 0.0013
107 -0.002¢ -0.0027 0.0108 0.0108 CETIE 0.0017 0.0013 0.0013
[Cad -0.0t06 -0.0027 0.0102 0.0108 0 DoT1 o.00t? -0.0008 00013
< Node 70 >
2~ mode 4™ made ™ mode 8™ mode
Figig body eration Rigd body Reration Aigid booy oration FAgid body Nermtion
sparation woparaion separation separion
107 -168.2 0.0288 547 -0.0686 23 5.0092 175 -0.004s
107 Siszie 0.000¢ 6175 -0.0256 ~2.4504 -0.0009 14723 “o.0063
10+ -1.3989 0.0003 b.4358 002 -0.2429 -0.0009 .1409 -0.0045,
107 -0.1384 0.0003 0.0246 “n.o21 -0.025) -0.0003 w0y ~0.0085,
[Ca -0.0156 0.0003 0.012¢ “oo21 -0.0024 -0.0009 ~oonr -0.0085
107 -t.001 0.0003 -0.020%) -0.021 -00012 ~0.a008 -0.0043 -0.0045
10 0.0003 0.0003 -0.021 -0.0009 -0.0008 -0.0045 -0.0085
[ 1o o o003 00003 EXZ ooz EXTIT ~9.5009 EXT o005
07 0.0003 0.0002 -0.021 -0.021 -0.0008 -0.000% -0.0045 -D.0D45
w -0.0042 0.0003 ~0.0199 -0.02} -0.00t3 -0.0009 -0.0054 -0.0045
< Node 965 >
2~ mode 4™ mode ™ mode 8™ mode
R9id body Weration Rigd body Teration Rigd hooy roration Agid body Teration
aratian separaion ssparaion arian
107 vare -0.0229 63.2 -0.0792 a.arse 00154 et a.aps
1o 115268 0.0023 53333 00313 0007 o.a0t7 122 9 v04s
10+ Viare 0.003 0.5028 -0.0ze9 0 Dge7 0.0017 01268 ooass
[ 01172 0003 D.0z78 0,029 © Dos? a.0017 0.0158 0 0aes
10 ooz o.a03 -00izz -0.0289 0.0047 0.00:7 0.008 acoss
(R 0.0041 0.002 -0.024¢ -0.0249 6.0047 0.00+7 0.005 0.0043
[d XY 0.003 -0.0244) -0.0249 0.0047 0.0017 0.0049 00089
[Chd ¢.003 0.0p3 -0 0243 -0.0209 XTI 00017 0.0049 0 0048
107 0.003 [ELH -0.0243 -0.0249 D.D0&7 o.0017 0.0049 0noes
10T © 0067 0.a03 -0.0237 -0.0249 0.0087 0.0017 0.006 ) 0.0043
< Node 115>
2™ mode 4~ mode 7™ mode 8™ mode
Figia bady neraion Aigd body Reration Rigd bocy Weration Agic body Ttaration
mpwaion separaion sepsrution sepmaion
107 18y 1n12 -0.0258 ~45.2105 0.0617 0.389) -0.0038 362038 00022
102 14,256 0.0021 ~ea50) 0.0248 o028 -0.0088 ~2878 0.002¢
10+ 1.4085 0.0022 -0.3308 0.0198 -0.0015 -0.004€ -0.z811 a.00z4
107 01427 0.0022 -0.021) 0.0199 -0.0048 -0.0048 -0.0253 0.0024
[ 6.0036 0.0022 00055 0.0198 ~0.0048 -0.00s8 -a.00z1 @ 0024
107 © o023 0.9022 0.0195 0.0193 -0.0048 -0.0048 0.0a21 0.0024
i 00058 0.0022 0193 D) 0 0048 0.0048 ©.00z4 00024
o 1691812 0.0022 0.0199 0.a138 -0.0048 -0.00%6 0.0c24 0 0o24
L 14.2956 o-o0z2 00195 0.0139 -0.0048 “0.0080p ©.goza 0 00z2e
o + 4095 0.0027 D.0183 0.01939 -0 anas -0.0048 ©.0042 ©.0024
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