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Vibration Analysis of an Exhaust System with Bellows
Using the Component Mode Synthesis

Jae-Moon Lim, Min-Soo Kim and Kwi-Young Lee
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Abstract

An efficient vibration analysis method, Component Mode Synthesis(CMS), for an exhaust\
system with bellows is presented. Analyses are performed for two types of bellows, where ~
characteristics of vibration modes affecting idle shake and interior noise of a vehicle are
examined. Also analyzed are the contributions of an exhaust and engine mounting system to
the idle shake and interios noise. Comparison between the analysis and test is in good agree-
ment, hence the CMS method is shown to be efficient and valid.
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Fig. 3 Comparison of experimental and analytical
natural frequencies of exhaust pipe system
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Table 1 Strain energy contribution of exhaust pipe system with 250 mm bellows (Unit:%)

MODES(Hz) 8 9 10 1 12 13

COMP. 19.5 29.6 30.2 48.8 69.3 80.6
FRONT PART 12.02 12.48 7.71 17.60 4.65 19.93
REAR PART 13.21 51.52 53.16 7253 87.16 32.92
BELLOWS 50.07 33.57 35.18 1.38 2.20 17.10
RH MOUNT 2.92 0.91 0.62 3.49 1.41 443
LH MOUNT 6.85 0.09 1.39 451 0.54 22.26
RR MOUNT 14.93 141 1.94 0.49 3.99 3.36

Table 2 Strain energy contributioﬁ of exhaust pipe system with 160 mm bellows (Unit:%)

MODES(Hz) 8 9 10 11 12 13

COMP. 24.7 379 412 49.5 71.9 88.1
FRONT PART 21.76 27.58 14.40 25.12 888 | 16.56
REAR PART 18.87 |’ 5342 62.27 59.06 78.41 46.31
BELLOWS 17.96 752 16.48 8.04 1.54 5.38
RH MOUNT 4.61 2.66 1.27 2.65 2.52 11.63
LH MOUNT 11.65 2.10 1.18 511 1.33 15.94
RR MOUNT 25.14 6.72 441 0.03 7.32 4.08
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engine mount system(250 mm Bellows) engine mount system(160 mm bellows)
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Fig. 6 Mode shape of exhaust pipe system with
power plant and engine mount system{(250 mm
bellows, 29.6 Hz)

Fig. 7 Mode shape of exhaust pipe system with
power plant and engine mount system(250 mm
bellows, 80.6 Hz)
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bellows, 24.7 Hz)
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