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Abstract : This paper presents an optimal design method for structure-borne durability of a vehicle body structure.
Structure-borne durability design requires a new design that can increase fatigue lives of critical areas in a structure and
must prohibit transition phenomenon of critical areas that results from modification of the structure at the same time.
Therefore, the optimization problem for structure-borne durability design are consists of an objective function and
design constraints of 2 types; type 1-constraint that increases fatigue lives of the critical areas to the required design
limits and type 2-constraint that prohibits transition phenomenon of critical areas. The durability design problem is
generally dynamic because a designer must consider the dynamic behavior such as fatigue analyses according to the
structure modification during the optimal design process. This design scheme, however, requires such high
computational cost that the design method cannot be applicable. For the purpose of efficiency of the durability design,
we presents a method which carry out the equivalent static design problem instead of the dynamic one. In the proposed
method, dynamic design constraints for fatigue life, are replaced to the equivalent static design constraints for
stress/strain coefficients. The equivalent static design constraints are computed from static or eigen-value analyses. We
carry out an optimal design for structure-borne durability of the newly developed bus and verify the effectiveness of the
proposed method by examination of the result.

Key words : Computer aided engineering (7 49838}, Structure-borne durability design (7-2271<1 W-+4 7)),
Transition phenomenon of critical area (3] &F5- 2 0] #14}), Stress/strain coefficient(-3-2]/1H & & #|<7), Static design
constraint( 3 2 A A 7+ %)
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Fig. 1 Procedure of the computer-integrated method for durability
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(b) Analysis

Fig. 5 Fatigue life of Cant rail joint
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Table 3 Results of optimal design
(a) Object function and Constraint

Object Function
Base'lme Op{lf’ﬂal Change
design design
Weight of B.ILW. 2726.82Kg | 2726.04 Kg | -0.77 Kg
Constraint - :
. | Critical| Baseline Optimal .
1ot | yad | design design | A
1 8.95638E-02 [ 6.58392E-02| 0.73511
2 7.92325E-021 5.82509E-02 [  0.73519
1 3 7.08390E-02 | 5.14625E-02 |  0.72647
4 5.25679E-02 | 3.80626E-02 [  0.72407
5 5.24084E-03 [ 3.83111E-03{ 0.73101
6 6.65021E-03 [ 4.88790E-03 |  0.73500
1 8.15031E-02 | 8.06880E-02 | 0.99000
2 7.28939E-02 | 7.19630E-02 [ 0.98723
7 3 6.72970E-02 | 6.28426E-02 | 0.93381
4 5.78246E-02 | 5.73690E-02) 0.992]2
Strain 5 5.08361E-03 | 5.03791E-03 [ 0.99101
coefficient 6 6.51720E-03 | 6.48461E-03 | 0.99500
(we) 1 7.97118E-02 | 7.80852E-02 | 0.97959
2 7.12300E-02 | 7.04856E-02 [ 0.98955
i 3 6.53206E-02 | 6.38850E-02 [ 0.97802
4 4.92902E-02 | 4.85867E-02 [ 0.98573
5 3.96616E-03 | 3.90362E-03 | 0.98423
6 6.36850E-03 [ 6.23864E-03 | 0.97961
1 7.34423E-02 | 7.12390E-02 |  0.97000
2 7.21895E-02 | 7.12676E-02 | 0.98723
1 3 6.52561E-02 { 6.48522E-02 [ 0.99381
4 4.91136E-02 | 4.82355E-02| 0.98212
5 4.47678E-03 | 4.39176E-03 [  0.98101
6 5.46208E-03 | 5.46153E-03 | 0.99990
*Ratio = Optimal design / Baseline design
(b) Design variables Unit a, b,t: m;ly, Iz, Jx : m4
. . Baseline Optimal .
Design variables design design Ratio
a 60.000 88.692 1.499
Bl b 40.000 64.843 1.621
t 2.000 2.99 1.500
a 100.000 19.175 0.192
B2 b 40.000 29.628 0.741
t 2.300 1.240 0.539
a 1.0E-05 99.517 |9.952E+06
B3 b 1.0E-05 58.924 [ 5.892E+06
t 1.0E-05 2.298 [ 2.298E+05
a 1.0E-05 62.308 | 6.231E+06
B4 b 1.0E-05 38.282 | 3.828E+06
t 1.0E-05 2.299 | 2.299E+05
Iy* 6.3170E-09|  6.372E-09 1.009
B5 1 2.2035E-08 3.303E-08 1.499
Ix" 9.6702E-09]  9.530E-09 0.986
Iy 3.0362E-10]  3.109E-10 1.024
B6 1z 5.7754E-09]  8.652E-09 1.498
I 1.1870E-10]  L.184E-10[  0.997

# Section properties of the equivalent beam with respect to the

equivalent beam for design and the corresponding structural joint
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