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Torsional Vibration Modeling and Analysis for Hybrid Vehicle
Transmission System
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Abstract; For the complex characteristics of the torsional vibration analysis of hybrid vehicle, a
P2 hybrid SUV (sport utility vehicle) was taken as a research object, and the transmission system
concentrated mass model was established to analyze the inherent characteristics and excitation
response characteristics. Then, based on AMESim simulation software, the influence factors of
torsional vibration of transmission system were analyzed, and the sensitivity of main parameters
such as clutch stiffness and damping was studied. The influence characteristics of torsional
vibration are discussed in detail. The simulation results indicated that changing the damping
stiffness of the clutch will affect the inherent characteristics of the transmission system and change
the resonance peak value and frequency; increasing the damping of the clutch will reduce the peak
value of the attenuation resonance of the transmission system, but was not good for vibration
elimination at high speed.

Key words: hybrid power; drive train torsional vibration; concentrated mass; inherent
characteristic analysis; sensitivity analysis
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Transmission system configuration
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Fig.2 Concentrated mass model of the drive train
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Table 1 Inertia moment parameters
HAFFRIR i/ (kg-m?®)
A 0.178 5
B 0.0145
C 0. 048
D 0.036
E 0.029
F 0.015
G 0.082
H 5.92
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Table 2 Stiffness and damping parameters
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BAa —%NE 15 15 0.23
WIRAE HNIE 75 75 —
B, C [l 3524 3524 0
C,D [a]F 3612 3612 0
D,E A& 2368 2368 0
E,F [B]#R1 3384 3384 0
F,G [al3 124 124 0
G, H [aFpk 3524 3524 0
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Fig.3 Concentrated mass model in pure electric vehicle mode
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Table 3 The first six natural frequencies of pure
electric vehicle mode Hz

feste —Br —Br  =Br B RmB o AR

2.32 2.58 24.73 364.36 537.43 793.42 2268.38
1.78 3.32 24.79 360.48 554.28 793.43 2268.36
1.34 4.28 24.86 353.44 590.74 793.46 2268.40
1.12 4.97 24.98 346.52 641.59 793.46 2268.39
0.78 5.68 25.12 340.36 701.62 793.27 2269.42
0.46 7.86 25.38 325.25 790.73 1066.84 2271.53
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Fig.4 Mode shape of drive train in pure electric
vehicle mode
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Table 4 The first six natural frequencies of the
engine drive mode Hz

feahite —Br —Fr =B mBY HBY RSB

2.32 0.58 19.63
1.78 0.58 19.62 35.86
1.34  0.61 19.58 34.46
.12 0.59 19.59 32.61

36.52 220.60 292.06 430.83
225.70 289.10 444.45
220.38 284.04 473.30

220.50 278.85 513.78

0.78 0.51 19.41 30.66 227.06 274.52 564.90
0.46 1.22 18.31 23.54 226.67 263.84 631.15
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Fig. 5 Power train vibration in engine drive mode
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Fig. 7 Two-stage stiffness clutch model
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Table 5 Clutch first-level stiffness corresponding to

natural frequency Hz

o R R T
25 0.62 1.03 6.58 19.63 223.45
50 0.58 1.05 8. 12 19.93  223.41
100 0.59 1.05 10.11  19.95 223.39
150 0. 60 1.05 12.14  20.04 223.38
200 0.61 1.05 13.86  20.03 223.38
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Fig. 8 Transmission input shaft speed and acceleration
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