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Sensitivity Analysis and Optimal Design for the Elasto-plastic
Buckling of Vehicle Structures
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] Abstract [

Experience and experiments show that in many cases the buckling limit is reached at a much
smaller load level than is predicted by linear buckling analysis.

In this paper. it is considered linear and nonlinear of plane vehicle structure and estimates
design sensitivity of the cross sectional area that is composed plane vehicle structure and performs
optimal design. 1t compares linear vehicle structure with nonlinear vehicle structure for optimal
design result that is selected constraint condition of buckling load.

Keywords : Optimal design(#247)), Sizing Design Sensitivity Analysis(XFHAUR=s4), Total
Lagrangian Formulation(A#2t1&#2x84]), Gradient Projection Method(\| & EF4H),
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Fig. 1 Body in white of FE-analysis
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Fig. 2 Moment-rotation relation of joints
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Table 1 Moment-rotation relation data of thin-walled beam

M(kef - cm) 6 (rad)
0.0 0.0
6483.0 0.0505
7399.3 0.0947
7727.5 0.1412
7439.1 0.2276
6577.7 0.3437
5534.0 0.5247

Table 2 Verification of design sensitivity of critical buckling loads using FDM
1) Front crush

Linear vehicle structure Nonlinear vehicle structure
Area |Perturbation| per(kef) Aoy p'er | e/ dper | Perturbation | per(kef) Ape Do o/ dpe
2.1376 5359.474 3892.882
2.1590 1% 5411.852 | 52.378 | 51.653 | 98.61% 1% 3902.012 9.13 9.432 103.31%
2.1397 0.1% 5364.692 | 5.218 | 5.1653 | 98.99% 0.1% 3893.798 | 0.916 (.9432 102.97%
2.1378 0.01% 5359.992 | 0.518 [0.51653| 99.72% 0.01% 3892.974 | 0.0942 | 0.09432 | 102.52%
2) Rear crush
Linear vehicle structure Nonlinear vehicle strutrure
Area |Perturbation| pe(kef) dpe D er p’or/ 4 | Perturbation|  per(kef) Ape Do p'or/ Aper
2.1376 6554.340 6427.078
2.1590 1% 6655.980 | 101.59 | 99.398 | 97.83% 1% 6519.842 | 92.764 | 96.396 | 103.91%
2.1397 0.1% 6564.532 | 10.142 | 9.9398 | 98.00% 0.1% 6436.426 | 9.348 | 9.6396 [ 103.12%
2.1378 0.01% 6555.386 | 0.996 | 0.99398 | 99.78% 0.01% 6428.026 | 0.948 0.96396{ 101.68%

Table 3 Volume and constraint history of vehicle structure optimization
1) Front crush
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Linear vehicle structure Nonlinear vehicle structure
Iter. e (kef) Volume(cm®) | Volume reduction e (kef) Volume(em®) | Volume reduction
1 5359 2404.800 0 3893 2404.800 0
2 6335 5009.480 2604.680 2967 5941.700 3536.900
3 10917 5629.626 620,146 9484 6824.969 883.269
4 14187 8104.372 2474.746 13000 9343.887 2518.918
5 21420 8500.301 395.929 24644 10340.789 996.902
6 26855 9638.659 1138.358 26691 10509.431 168.642
7 26169 9450.560 -188.099 26021 10452.119 -57.312
8 26087 9418.545 -32.015 26000 10450.149 -1.970
9 26027 9400.157 -18.388
10 26000 9393.712 -6.445




2) Rear crush

Linear vehicle structure Nonlinear vehicle structure
Iter. Per(kgf) Volume(cm”) | Volumer eduction pe/ (kgf) Volume(em®) | Volume reduction
1 6554 2404.800 0 6427 2404.800 0
2 18599 5316.852 2912.052 12428 4744.638 2339.838
3 21083 5822.179 505.327 18721 5870.342 1125.704
4 26422 7264.767 1442.588 23214 6749.729 879.387
5 26053 7155.932 -108.835 26177 7421.268 671.539
6 26024 7148.212 =7.720 26025 7384.113 -37.155
7 26010 7144.412 -3.800 26000 7383.368 -0.745
8 26000 7142.558 -1.854
Table 4 Design variable history of vehicle structure optimization(unit : cm?)
1) Front crush
Linear vehicle structure Nonlinear vehicle structure
Iter. A Ag As Aq As As 7 A Az Az Ay As As A7
1 2.138 12,138 2.183 | 2.138| 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138
2 1.194 | 7.365|11.329|4.586 | 3.031 | 4.150 | 2.089 | 0.685 | 6.869 | 15.973| 6.275 | 3.578 | 5.313 | 2.027
3 3.449 [7.360 [ 11.336|4.533 | 3.026 | 4.202 | 2.130 | 3.935 | 6.869 | 15.973| 6.269 | 3.576 | 5.314 | 2.040
4 5.899 [8.496 | 12.720(13.827) 4.539 | 6.774 | 1.943 | 5918 | 7.746 | 16.885|17.887| 5.690 | 7.941 | 1.699
5 5.605 | 8.380 | 12.534[13.768| 5.302 | 9.247 | 2.704 | 7.288 | 8.414 [ 17.669]|18.390| 6.080 | 8.117 | 3.008
6 7.064 19.220 [ 13.594 114.506| 6.291 [10.669] 3.162 | 7.444 | 8.475 | 17.755|18.468 | 6.232 | 8.436 | 3.203
7 6.795 | 9.087 [ 13.417114.370| 6.135 [10.4551 3.112 | 7.411 | 8.478 117.743|18.438| 6.145 | 8.237 | 3.150
8 6.749 |9.065 | 13.386 [14.346| 6.106 | 10.415] 3.107 | 7.410 | 8.477 |17.743|18.437| 6.142 | 8.231 | 3.148
9 6.723 | 9.052 |13.368 |14.332] 6.090 |10.393| 3.103
10 | 6.714 1 9.047 [13.36214.328| 6.085 | 10.386| 3.101
2) Rear crush
Linear vehicle structure Nonlinear vehicle structure
Iter. Ay A2 Az Aq As A Az A Ao Az Ay As Ag A7
1 121382138 |2.138 | 2.138 | 2.138 | 2.138 |2.138] 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138 | 2.138
2 | 5308|1989 [ 7.613 | 3.272 | 2.517 | 7.248 |3.998 3.361 | 2.196 | 8.107 | 2.737 | 2.344 | 6.881 | 3.821
3 | 6.025 | 2,205 | 7.815 | 3.680 | 2.986 | 7.616 |4.510] 4.724 | 3.234 | 9.121 | 3.085 | 2.785 | 7.507 | 5.127
4 | 7.953 | 3.173 | 8924 | 4473 | 3.771 | 8.453 |6.044| 5.864 | 3.998 | 10.059 | 3.268 | 2.999 | 7.898 | 6.117
5 17809 | 3.098 | 8.836 | 4.415 | 3.715 | 8.392 {5.928| 6.766 | 4.496 | 10.702 | 3.533 | 3.253 | 8.236 | 6.845
6 | 7.799 | 3.092 | 8.826 | 4.412 | 3.712 | 8.389 |5.920| 6.716 | 4.468 | 10.666 | 3.519 | 3.240 | 8.218 | 6.806
7 17795 | 3.090 | 8.821 | 4.411 | 3.711 | 8.387 |5.917| 6.715 | 4.468 | 10.664 | 3.519 | 3.240 | 8218 | 6.805
8 [7.792 | 3.088 | 8.819 | 4410 | 3.710 | 8.386 | 5.915
Table 5 Comparison of GRP and SUMT result for total volume(unit : c¢m®)
Linear vehicle structure Nonlinear vehicle structure
Boundary front crush rear crush front crush rear crush
condition volume volume volume volume
SUMT 9393.712 7142.558 10450.149 7383.368
GRP 9882.330 7231.110 11131.000 7756.24
Deviation(%) 4.944 1.224 6.117 4.807
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