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Analysis and optimization of the dynamic characteristics for
high speed wheel reducer used in electric vehicle
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Abstract: For the key problems of high noise and vibration of high-speed wheel reducer used in electric
vehicle, a dynamic model of the wheel reducer is developed and the mesh characteristics and dynamic
characteristics are investigated under rated power, maximum speed and maximum torque load
conditions. Then the amplitude of structural noise is calculated and analyzed. Also the effect of contact ratio
on the dynamic performance of the system is evaluated and macro geometry parameters of the transmission
system are optimized by using MASTA. Results show that the peak-to-peak values of the transmission

errors for the output gears are relatively higher and the main structural noise comes from the high-speed
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input shaft. Compared with the design with contact ratio as a non-integer value, the design with an integer
contact ratio leads to a lower changing ratio of total length of contact lines and the contact load fluctuation, the
changing ratio of the mesh stiffness and the structural noise from the bearings supporting locations are decreased
obviously. The optimization of macro parameters makes the dynamic performance of gear pairs better.

Keywords: electric vehicle; wheel reducer; dynamic characteristic; contact ratio; optimization
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Fig.1 Transmission system of the wheel gear
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Table 1 Structural parameters of the wheel gear

7 fe g LK [T % &/ mm %14 JEdif/ O A b/ mm AR R KK
ERoLi 17 24 2.2 17.5 24.5 140 0.545 8
i A%k
M B4 115 28 2.2 17.5 24.5 140 0.372'5
Eahi 14 46 3.0 18.0 25.0 115 0.485 2
i th %
M B4 55 44 3.0 18.0 25.0 115 0.201 2
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Table 2 Parameters of the load cases
W A 4 %8 /kHz
T BIAHEM/ (reminY)  HH/(N+m) U3/ kW

A9 LT TR
i 15 Bl 8 800 79.5 70.31 2.493 0.303
HE L 3 760 98.0 37.03 1.065 0.129
I KFE S 3760 208.0 78.60 1.065 0.129
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Fig.2 Transmission error of gear pairs
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Fig.3 The peak-to-peak transmission Fig.4 The fluctuation value of mesh
errors of gear pairs stiffness of gear pairs
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Fig.5 The peak structural-born noise of bearings
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Table 3 The optimized macro parameters of the gear pairs

Wi El  iEm/ O U/ mm BEARE ity 1] 2 A B i E AR
2.8 137 1.809 1 1.607 8 0.201 3
7.6 138 2.092 7 1.594 0 0.498 7
11.7 139 2.376 3 1.576 2 0.800 1
iﬂ? 14.3 141 2.549 2 1.546 3 1.003 0
b 17.9 143 2.720 3 1.517 2 1.203 1
% 22.4 146 2.974 3 1,477 4 1,496 9
26.2 152 3.195 6 1.395 5 1.800 2
30.2 156 3.347 8 1.346 3 2.001 5

33.4 161 3.493 9 1.292 1 2.2019
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Fig.6 The effect of different axial contact ratio to the peak-to-peak transmission errors
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Fig.7 The effect of different axial contact ratio to the fluctuation value of mesh stiffness
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Fig.8 The effect of different axial contact ratio to the changing ratio of the total length of contact lines
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Table 4 The comparison of results before and after optimization

15 3R 22 1 1A / pm WG A R BE AL/ %
T

RiA) R Ak i Rt

I K 1.008 1 0.589 1 13.14 5 1.251

AV R g T 1.161 6 0.601 6 11.29 8 0.866
e K5 2.887 4 0.725 3 10.37 7 0.054

B Kl ke 2.200 0 0.848 7 18.79 1 0.094

LR R SRl HiE T 2.862 4 0.916 9 18.490 0.094

I K50 8.742 1 1.540 4 18.79 1 0.094
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Fig.9 The structural-born noise of bearings on the input shaft

(7] S 25 b 7R A L TR T 000 i KA AL W 7 A (I A AT s 9 2 AR B0 a3 5 ik sl LU Y L G A6 Sl R A
# TOUT B 45 R R P d RAEL 3 A T IR/
RS MUBTEEMREXNGEHREX

Table 5 The comparison of the peak structural-born noise of bearings before and after optimization

25 Fy R I KA/ dB
T — \ VR /B
i etk s

B KL 162.0 157.2 4.8
i A Hh

e T 162.7 158.0 4.7
IR

I KEG A 172.3 168.7 3.6

I KL R 159.5 158.9 0.6
A g0 164.3 162.4 1.9

il AE . . .
J& Hh K

I KEE 176.3 171.9 4.4
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