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Sensitivity Analysis and Optimal Design of
Plane Vehicle Frame Structures

Jong-Sun Lee*, Yeob-Rae Kim**, Kang-Son Lee**

Abstract

This paper is to estimate sizing design sensitivity of linear and nonlinear vehicle frame
structure using structural analysis result from ANSYS.

Using design sensitivity results, optimal design of plane vehicle frame structure with buckling
constraint is carried out the gradient projection method. Optimal design results are compares
gradient projection method result with SUMT result.
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Fig. 1 Body in white of FE-analysis
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Modulus of elasticity : E = 2.1x10° kef/cm®

Mass density : o = 7850 kg/m’

Moment(kgf-cm)

80007
60004 //\‘
w0ood [T P
elastic behavior N r
N
20001 Lo L]
p
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Rotation(Rad)

Fig. 2 Moment-rotation relation of joints
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plane vehicle frame structures
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Table 1 Design sensitivity history of design variable for linear vehicle frame structure
1) Front crush
Iter aB/dA 6 B8/0A: dB/dA; aB8/3A dB8/0As 0 8/dAs aB/aA: .
1 -0.294D-01 |0.163D+00 |0.286D+00 | 0.763D-01 (0.279D-01 0.627D-01 -0.151D-02
2 0.137D+01 |-0.274D-02 | 0.420D-02 -0.318D-01 | -0.334D-02 | 0.314D-01 0.248D-01
3" 0.324D-01 0.150D-01 0.183D-01 0.123D+00 | 0.200D-01 0.340D-01 -0.246D-02
4 1 -0.330D-01 |-0.130D-01 |-0.209D-01 |-0.665D-02 857D-01 0.278D+00 | 0.854D-01
5 -0.798D-01 |-0.134D-01 |0.446D-02 0.224D-01 0.116D+00 | 0.245D+00 | -0.310D+00
6 0.125D-01 0.209D-03 0.166D-01 0.304D-01 0.513D-01 0.948D-01 -0.138D+00
7 0.805D-02 0.762D-04 0.171D-01 | 0.305D-01 0.536D-01 0.984D-01 -0.139D+00
8 0.807D-02 0.485D-03 0.178D-01 ? 0.307D-01  :0.525D-01 0.952D-01 -0.132D+00
9 0.778D-02 0.563D-03 0.179D-01 0.308D-01 0.525D-01 ‘ 0.947D-01 -0.131D+00
10 0.755D-02 0.529D-03 0.179D-01 0.308D-01 , 0.527D-01 | 0.951D-01 -0.132D+00
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2) Rear crush
Iter 38/0M 3 8/0A 8 8/0As aR/dA, dB/3As dB/3As 0 B/3A;
1 -0.132D-00 | -0.618D-02 | 0.228D+00 | 0.474D-01 0.158D-01 0.213D+00 |0.777D-01
2 -0.178D+01 | 0.212DD+00 | 0.328D+00 |-0.178D+00 | -0.275D+00 | -0.969D-01 |0.736D-01
3 0.122D-02 0.101D+00 {0.248D+00 |-0.711D-00 |-0.109D+00 | -0.533D-01 |0.290D-01
4 554D-02 0.408D-01 0.208D+00 |-0.356D-01 |-0.523D-01 !-0.430D-01 |0.115D-01
5 0.553D-02 0.426D~01 0.210D+00 |-0.367D-01 |-0.542D-01 ! -0.431D-01 | 0.120D-01
6 0.551D-02 0.427D-01 0.210D+00 | -0.367D-01 |-0.542D-01 |-0.430D-01 |0.120D-01
7 0.550D-02 0.428D-01 0.210D+00 |-0.367D-01 |-0.542D-01 |-0.430D-01 | 0.120D-01
8 0.550D-02 0.428D-01 0.210D+00 {-0.367TD-01 |-0.542D-01 |-0.430D-01 |0.120D-01

Table 2 Design sensitivity history of design variable for nonlinear vehicle frame structure

1) Front crush

Iter d8/oM dRB/dA: 8 8/3A; d8/6A 38/0As d8/0As d8/0A;
1 -0.336D-01 | 0.109D+00 | 0.320D+00 | 0.958D-01 0.334D-01 0.735D-01 -0.256D~02
2 0.239D+01 |-0.296D-04 | 0.574D-03 -0.392D-02 |-0.129D-02 |0.113D-02 0.100D-01
3 0.227D-01 0.100D-01 0.104D-01 0.133D+00 | 0.242D-01 0.301D-01 -0.391D-02
4 -0.265D+00 |-0.479D-01 |-0.340D-01 |-0.198D-01 |0.179D+00 |0.701D+00 |-0.639D+00
5 0.896D-02 |-0.467D-02 |0.398D-03 |0.107D-01 | 0.456D-01 |0.121D+00 | 0.394D-01
6 0.134D-01 -0.304D-02 | 0.355D~02 0.139D-01 0.429D-01 0.100D+00 | 0.244D-01
7 0.134D-01 -0.327D-02 | 0.287D-02 0.128D-01 0.432D-01 0.104D+00 {0.313D-01
8 0.134D-01 -0.328D-02 | 0.284D-~02 0.128D-01 0.432D-01 0.104D+00 |0.315D-01

2) Rear crush

Iter d8/dA 8 8/3A 8 8/0As 8 8/4A d8/3As 0 8/0As d8/0A;
1 0.592D-01 0.282D-02 0.289D+00 | 0.290D-01 0.100D-01 0.230D+00 |0.816D-01
2 0.438D+00 |[-0.466D+00 |-0.842D-01 |0.587D+00 |0.353D+00 |0.858D-01 -0.101D+00
3 -0.503D-01 | 0.298D+00 |0.412D+00 {-0.539D+00 | -0.455D+00 | -0.198D+00 | 0.107D+00
4 0.330D-01 0.144D+00 }0.390D+00 |-0.400D+00 | -0.406D+00 |-0.185D+00 | 0.538D-01
5 0.373D-01 0.982D-01 0.358D+00 | -0.316D+00 | -0.335D+00 |-0.168+00 | 0.342D-01
6 0.373D-01 0.998D-01 0.360D+00 |-0.319D+00 | -0.337D+00 | -0.169D+00 | 0.349D-01
7 0.372D-01 0.996D-01 0.359D+00 | -0.318+00 |-0.337D+00 |-0.168D+00 | 0.349D-01




Table 3 Verification of design sensitivity of critical buckling loads using FDM

1) Front crush

Linear vehicle frame structure ) Nonlinear vehicle frame strucrure
Area |Perturbation| pelked | dpa pw | p'o/dpe | Perturbation| po(ked | dpe Pa [ De/dpa
2.1376 5359.474 3892.882
2.1590 1% 5411.852152.378| 51.653 98.61% 1% 3902.0121 9.13 9.432 [103.31%
2,1397& 0.1% 1 5364.692 | 5.218 | 5.1653 198.99% 0.1% 3893.798 1 0.916 | 0.9432 | 102.97%
2.1378]  0.01% | 5359.992] 0518 |0.51653' 99.72% | 0.01%  3892.974 |0.0942]0.09432 | 10252%

2) Rear crush

Linear vehicle frame structure

Nonlinear vehicle frame strucrure

[ “Area | Perturbation  p (kg | Jpq Do | pa/dpa | Perturbation | po(kefl | Jp, p'e | pa/dpe
2.1376 6554.3400 i a7

2.1590 1% 6655.980| 101.59] 99.398 | 97.83% 1% 16519.842 92.764 | 96.396 | 103.91%
2.1397 0.1% 6564532 10.142[9.9398 | 98.00% | 0.1%  |6436.426. 9.348 | 9.6396 | 103.12%
20378 | 0.01%  6555.386° 0.996 |0.99398] 99.78% | 0.01%  [6428.026 0.948 [0.96396] 101.68%

Table 4 Volume and constraint history of plane vehicle frame structure optimization
1) Front crush

!

Linear vehicle frame structure

i
.

_Nonlinear vehicle frame structure

Iter. 1 potkegD \"olumo({c_m"{) Volume "“‘jQCEiQLL,j:L(}E%ﬁ i_f\j()ﬁlﬁlne(cm‘g) Volume reduction
1 5359 2404.300 0 3893 1 2404.800 _ 0

2 6335 5009.480 2604680 1 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 E 26000 9393.712 -6.445

2) Rear crush

Linear vehicle frame structure Nonlinear vehicle frame structure

[ter. pa kel Volume(em?) | Volume reduction pe/ (kef) 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

—80—
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Table 5 Design variable history of plane vehicle frame structure optimization(unit : cm?)

1) Front crush

Table 6 Comparison of GRP and SUMT result for total volume(unit : cm®)

| Linear vehicle frame structure Nonlinear vehicle frame structure

Iter.| A Ao Az A4 As As As A As Az Ay As As Ar
1 2.13 1 213 ] 218 | 213 | 2.13 | 2.13 213 12132131213 | 213 | 2,13 {2.13 | 2.13
2 1.19 | 7.36 111.32| 458 | 3.03 | 4.15 2.08 10.68|6.86 |1597| 6.27 | 357 | 531 | 2.02
3 | 344 | 736 | 11.33] 453 | 3.02 | 420 | 2.13 | 3.93 | 6.86 1597 | 6.26 | 3.57 | 531 | 2.04
4 1589 | 849 1272 13.82, 4.53 | 6.77 1.94 1591 | 774 | 16.88 | 17.88 | 569 | 7.94 | 1.69
5 | 560 | 838 {1253 ]13.76 | 5.30 | 9.24 270 | 728 1841 ;1766 |18.39| 6.08 | 8.11 | 3.00
6 | 7.06 | 922 | 135911450 | 6.29 | 10.66 | 3.16 | 7.44 | 847  17.75 18.46 ' 6.23 | 8.43 | 3.20
7 1679 | 9.08 113411437 6.13 | 1045 | 3.11 | 7.41 1847 1774 18.43 ] 6.14 1 8.23 | 3.15
8 674 | 9.06 | 13.38|14.34] 6.10 | 1041 | 3.10 | 7.41 | 847 | 17.74 18.43 ;| 6.14 ‘ 8.23 | 3.14
9 1672 | 9.05 | 13.3614.33] 6.09 | 10.39 | 3.10
10 | 6.71 | 9.04 | 13.36 | 14.32 | 6.08 | 10.38 | 3.10
2) Rear crush

Linear vehicle frame structure Nonlinear vehicle frame structure

Iter.| Ay As As | Ay Ay | Ag Az A Ao A Ay As As A;
1 213 213 | 213 | 213|213 | 213 | 213 | 213|213 213 213 12131213 2.13 |
2 1530 198 | 7.61 3.27 | 251 7.24 3.99 1336219 810 | 273 | 2.34 | 6.88 | 3.82
3,602 220 | 781 | 368 | 298 | 761 451 14721323 9.12 | 3.08 1278|750 5.12
4 1795 1317 | 892 | 447 | 377 | 845 | 6.04 1 5.8 | 3.99 | 10.05 3.26 | 299 | 7.89 | 6.11
5 | 7.80 | 3.09 | 883 | 441 | 371 | 839 | 592 | 6.76 | 449 | 10.70 3.53 1325|8231 6.84
6 1779|309 | 882 | 441 | 3.71 . 8.38 592 [ 6.71 . 446 | 1066 | 351 | 3.24 | 8.21 | 6.80
7 17791309 | 882 | 441 | 3.71 8.38 591 16.71 1446 {1066 | 3.51 | 3.24 | 821 | 6.80
8 | 779 1308 | 881 | 441 | 371 | 838 | 5.9

Linear vehicle frame structure

Nonlinear vehicle frame structure

Boundary condition front crush rear crush front crush rear crush

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




