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A Vibration Analysis Model for Bellows in the Vehicle Exhaust System
Using Method of Reduced Degree of Freedom
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ABSTRACT

The focus of this study is modeling technique for a bellows in vehicle exhaust system. Bellows was developed using the
finite element model by replacing with the equivalent beam. The equivalent beam model were studied in detail.

Non-structural node in the cross section of original model is given to expressing their motion. Equivalent mass matrix
and stiffness matrix calculated using Guyan reduction method. Material properties of beam was obtained from the direct
comparison between equivalent model and that of Timoshenko beam model.

The calculated natural frequencies and mode shape are compared with the reference results and coincided well. The results were
compared with the confirmed results, which were in good agreement.
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Table. 1 The material properties of bellows(SUS304)

Label Definition Values(Unit)
E Modulus of elasticity 193 GPA
¥ij Mass density 8026 kg/nt
v Possion’s ratio 0.3
t Thickness 051 mam N

Table. 2 Natural Frequency of bellows

Frequency(Hz)

Natural Frequency of bellows

Mode |3D element(HZ) Present Error(%)

1 1173 1195 19

2 117.3 119.5 1.9

3 1458 149.3 24

4 3754 3872 3.1

5 3754 3872 31

6 4437 453.6 2.2
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