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Torsional Free Vibration Analysis of Heavy Duty Powertrain
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Abstract

Automobile company tries to reduce the inertia of powertrain to increase the fuel efficiency and
increase the engine power every year to make the high speed driving possible at full load
condition. These cause the torsional vibration of powertrain. But the demand about ride comfort
improvement is increased constantly, so torsional vibration of powertrain become an emergency
problem to be cured. This study is a basic research to reduce the torsional vibration of powertrain
at driving condition. First, the heavy duty powertrain is characterized as a vibrating system. Its
natural frequencies and mode shapes are reviewed. Second, by comparison of simulation results
and experiment results, validity of developed model is verified. Finally, the counterplan which can
reduce the torsional vibration by mode analysis and parameter modification is suggested.
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Fig. 1 Free vibration analysis model.

Table 1 Mass moment of inertia of developed

model.

Number Components
Ji~Js Engine flywheel

Js Clutch hub
Jio~Jis Transmission

Ju Parking brake drum
Jis~Jis Propeller shaft
Jis, Jao Axle
Jo, Jo Wheel and tire
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Neviinger =Number of engine cylinders
Noee=Cycle number of engine
frew=Frequency in engine rpm
fa-=Excitation frequency in Hz
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Table 2 Natural frequencies of powertrain.

Number Natural frequency

8.3 Hz

10.0 Hz

33.6 Hz

173.2 Hz
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Sy | G| W N

345.5 Hz

280

5th

210

—— Natural frequency
-=- 3rd order excitation S
—~ == 6th order excitation e

ol 4th

FREQUENCY (Hz)
&

,,,,,

70 F ._,,.,.r‘"h'
pet -
3rd
2nd
0 s " 1 o
1000 1400 1800 2200
ENGINE RPM

Fig. 2 Powertrain excitation frequency.
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(1) Christopher S. Keeney and Shan Shih, 1992,

Fig. 8 Mode analysis of 4th natural frequency(173

“Prediction and Control of Heavy Duty Power-

Hz).

Table 3 Natural frequencies of powertrain according to the propeller shaft stiffness.

30% up

8.3Hz

10.0Hz
33.6Hz
186.8Hz
240.6Hz
357.9Hz

15% up

8.3Hz

10.0Hz
33.6Hz
180.6Hz
240.6Hz
352.4Hz

original

8.3Hz

10.0Hz
33.6Hz
173.2Hz

240.6Hz
345.5Hz

15% down

8.3Hz

9.9Hz

33.6Hz
164.5Hz
240.6Hz
336.7Hz

30% down

8.3Hz
10.0Hz
33.6Hz
153.9Hz
240.6Hz
325.1Hz

Stiffness

Number
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