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Development Technique of Tubular Shaft for Reduction of Booming Noise
in Vehicle Interior Caused by Drive Shaft

onFE - AAEF-PAG 3"
Kang-Ho Ko, Hyun Joon Choy and Young-Ho Kim

ABSTRACT

In order to reduce the booming noise caused by first bending mode of drive shaft, this paper proposes a
simulation program for prediction of the bending mode frequency of any tubular shaft. This program consists of
a pre-processor for modeling of geometrical shape of drive shaft and applying the boundary conditions of
various joints, a processor for constructing of global finite element matrices using beam elements and an eigen-
solver based on MATLAB program. Using this simulation program, the effective and accurate FE model for a
shaft attached in vehicle can be obtained by aid of database for stiffness of each joint. Thus the resonance
frequencies and mode shapes of a shaft can be calculated accurately. Because the effect of the resonance on
interior noise can be verified, more improved shaft can be proposed at the early stage of design.
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Fig. 1 Configuration of a tubular drive shaft

(a) Rzeppa joint

(c) Tri-pot joint
Fig. 2 Typical joint types of drive line
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Fig. 4 System of drive shaft supported by joint element

Drive shaft
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(b) 2nd mode
Fig. 5 Mode shapes of drive shaft by modal test
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Drive shaft
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(b) Analysis Model

Fig. 6 Test and analysis models for joint stiffness
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Table 1. The first two resonance frequencies of test model

and joint stiffness of each joint

Resonance Joint
Joint | Frequency (Hz) Stiffness
Yl f ] ] ko [k (N
CG21 145 530 5.01E6 0
TP27 178 532 2.62E7 1.39E4
RZ27 164 508 1.45E7 6.86E2
RZ23 163 520 2.00E8 7.41E3
RZ21 162 515 1.07E8 4.05E3

Table 2. Comparison of resonance frequencies between

simulation and test

Veh. Joint Type Shaft | Frequency (Hz)
No. | Inboard | Outboard | TyPe | Simul | Test
#1 TP27 RZ27 Solid 127 130
#2 | CG21 RZ23 Solid 110 111
#3 CG21 RZ21 Solid 101 105
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Fig. 7 Structure of simulation program
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Drive Shaft with Damper Analysis Program using EXCEL-Link
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Fig. 9 Animation monitor of mode shapes
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Total Length=694 mm

Fig. 10 Tubular shaft model for reduction of booming

noise
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Fig. 11 Effect of tubular shaft on interior noise
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