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Abstract

: A bushing component of a vehicle suspension system is tested to capture the nonlinear behavior of rubber

bushing element using the MTS 3-axes rubber test machine. The results of the tests are used to model the artificial
neural network bushing model The performances from the neural network model usually are dependent on the structure

of the neural network. In this paper, maximum error, peak etror, root mean square error, and error-to-signal ratio are
employed to evaluate the performances of the neural network bushing model. A simple simulation is carried out to

show the usefulness of the developed procedure.
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Table 1 Specifications of test bushing (Unit : mm)

Outer steel diameter (d) 50
Inner steel diameter (d;) 15
Length (1) 63
Outer steel thickness (f) 3
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Fig. 4 Bushing displacement for the learning
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Fig. 10 Peak errors in case one hidden layer

Table 2 Case classification with two-hidden layers
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Table 3 Case classification with three-hidden layers
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Table 4 Best results in case three-hidden layers
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Table 5 Comparisons of errors in case of minimum peak

errors
Max error(%) Peak error(%)
19-17-7 20.1 2.2
19-11-5 16.1 2.4
17-13-5 15.2 1.9
RMS ratio
19-17-7 0.7750
19-11-5 0.7829
17-13-5 1.1087
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Table 6 Comparisons of errors in case of two input layers

case | D F Max Peak RMS
error (%) | error (%) ratio (%)
1 1 1 515 12.8 1.426
2 1 2 235 2.1 2.089
3 1 3 27.1 2.7 2.046
4 2 1 19.5 24 0.958
5 2 2 6.8 1.9 0.209
6 2 3 15.1 2.6 1.268
7 3 1 194 33 0.978
8 3 2 11.3 7.2 0.560
9 3 3 24.6 18.8 3.397

Table 7 Structure with minimum errors in case of one input
layer

Max error (%) Peak error (%) RMS ratio (%)
11.6 1.9 0.37
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Table 8 Comparisons of errors between optimum case and
reference case

Max Peak RMS

error (%) error (%) ratio (%)
Optimum case 6.8 1.9 0.209
Reference case 20.1 2.8 0.38
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