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Abstract

Bellows are suggested as energy absorbing elements for automotive steering systems. A
metallic bellows has nearly constant axial collapse load which is desirable as an energy
absorbing element for a steering column. Axial collapsability and bending flexibility of
bellows can be utilized to reduce upward tilting and backward displacement of steering
columns in the early stage of high speed crash. Since bending flexibility of bellows has
negative effects on the vibration characteristics of steering columns it is necessary to
maximize the first natural frequency of a bellows while maintaining its plastic bending
flexibility and axial collapse load. An effort is made to attain optimum design of bellows

based upon the Taguchi method. A general guideline for design of bellows is suggested.
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Table 2. Lg(27)Orthogonal array used in optimization

M opemm) e ¢y 3] tom |56 7
No.

1 11452} 1 (60| 1 11051 1 1
2 114521 11601 1 2 1 21212
3| 1lase| 2|120] 2|1 [o5]1]2]2
4 114521 2 (1201 2 | 2 1 2 1 1
s|2oas| 1]{e0|2]1 [05]2]1]2
6f2foss| 1|e0]2]2 117124
7| 2]oas| 2[120] v | 1 05| 2| 2|1
8 [2oas| 2fve0| 1 [2]1]1]1]2

Figure 1. Meridional profiles made from circular arcs.
The mean radius of each bellows is a

Table 1. Standard Lg(27) orthogonal array

Run Column
number 1t 2 3 4 5 6 7
1 1 1 1 1 1 1t
2 11 2 2 2 2
3 12 2 1 1 2 2 .
4 12 2 2 2 1 | L
5 2 1 2 1 2 1 2 #
6 2 1 2 2 1 2 1
7 2 2 11 2 21
8 2 2 1 2 1 1 2 Figure 3. A bellows compression model with two corrugations
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Figure 4. Collapse loads vs. displacements curves of eight models
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Table 3. Complete Lg4(27)orthogonal array
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10. A graph for interaction check between design parameters
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Figure 11. Typical arc AC and co-ordinate system



