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Improvement of the Vibrational Characteristics According to Attachiment of Bellows
and Evaluation of Bellows Optimal Position in Automobile Exhaust System
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ABSTRACT

The problem of mechanical vibration is investigated for an automotive exhaust system. The vibrational
reduction effect is systematically evaluated according to the attachment of bellows at the exhaust system.
Maoreover, the optimal attachment position of bellows is determined from the viewpoint of vibration isolation.
The structure is analysed by the finite element technique where the geometry, the mass, the stiffness
and the damping properties of the exhaust pipe are modeled. The validity of the developed model is
verified by comparing with the experimental results. An optimization is carried out by the quadratic approxi-
mation algorithm. The reaction transferred to an automobile body by the hanger is considered ad the
objective function. It is shown that the exhaust system which has the bellows at the optimal position
is more effective for the vibrational characteristics than the others. It is also proved that this analytical
method is quite useful in the design stage of the exhaust system.
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Table 3 Optimal position of bellows according to any initial position

Any Position Lower 458.65 479.10 499,55 Upper
DXx1 ~-0.198053E—01| —0.198953E—01| —0.198953E—01| —0.198953E—01| —0.198953E—01
DX2 0.292468E - 03 0.289941E—03 0.293331E—03 0293331E—03 0.293331E—03
DZ1 —0.711814E—01| —0.711813E-01| —0.711814E—01| —0.711814E—01| —0.711814E--01
DX2 0.278814E— 01  0278811E—01 0.278815E—01 0.278815E—01 0.278815E—01
DY2 —292646E+00| —292656E+00| —202642E-400| -—292642E+00{ —292642E+00
Dz2 —0.711855E—01} —0.711855E—01] —0.711856E—01| —0.711856E—01| —0.711856E—01
DZ3 ~0476840E—02| —0476903E—02| —0476818E—02| —~ 0476818E—02| —0.476818E—02
DY3 —0.101177E+00| —0.101182E+00( —0.101175E+00| —0.101175E+00| —0.101175E+00
DZ3 —0.768620E— 01| —0.768949E—01| —0.768922E—01| —0.768922E—01| —0.768922E—01
Optimal Val. 438421 438451 438411 438411, 438411
Ob. 0.503546 0.503561 0.503541 0.503541 0.503541
(unit * mm)
#io PP THAL UALUE Table 4 Comparison of natural frequency for
E u:,j “h LOWER Bauin optimal position
g > ADYMZOS:W Opt. {45865 |479.10 |499.55 | 520.00
g st | 5067| 5076| 5086| 5006 5.106
2385 — 2nd 7877 7.879| 7.881] 7.882| 7883
e R 3rd  |12.048 1303713125 |13.213]13.299
4th 18.644 | 18.657 | 18.669 | 18.682 | 18.695
5th 29.043 (29407 | 29.765 30.117 [ 30.461
(unit © Hz)
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