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A Study on Optimal Spot-weld Layout Design
of the Car Body Structure Using Topology Optimization
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ABSTRACT

In this paper, we propose the efficient technique that reduces the number of spot-welds and
increases the structural rigidity by using the topology optimization technique. Eigen value analysis is
used to evaluate the rigidity of the optimized model. As a first step, the topology optimization is
performed to find optimal spot-weld distributions. In this study, the design objective is to maximize
the weighted frequencies. The volume fractions of the weld components are used as design
constraints, and also the densities of each element in the individual design space are used as design
variables. And then, to consider the possibility of spot-weld failure, the contribution rate analysis was
performed by using the orthogonal array method of DOE. The spot-welds in the rear panel part are
reinforced according to estimation results of the contribution rate analysis. Finally, we obtained
optimized spot-weld layout model which has the reduced number of spot-welds and the improved

dynamic stiffness.
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Fig. 2 Illustrations of a CWELD element

Table 1 Material properties
of the spot weld element

Properties Values
Young’s modulus 210 GPa
Poisson ratio 0.3
Density 350 Mg/m3
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Fig. 3 The flow of computations for topology

design and the method of moving asymptotes(MMA)

Table 2 Comparison of original and

new layouts for optimization

Original New Volume fraction
layout layout Original / New
Center Connector 733 2733 -
floor CWELD 889 3174 0.280
Rear Connector 545 1348 -
floor CWELD 711 1739 0.409
Rear Connector 569 1674 -
panel CWELD 696 1946 0.358
Left Connector 589 1935 -
side CWELD 834 2918 0.286
Right Connector 601 1976 -
side CWELD 844 3002 0.281
Roof Connector 137 611 -
panel CWELD 201 934 0215

Fig. 4 Spot-weld layout for optimization
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Table 4 Lg(25)type orthogonal array DOE table
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