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ABSTRACT

Impact noise generated in electric vehicles in the 200 Hz ~ 500 Hz is perceived as rumble noise of

an internal combustion engine.

It is one of the biggest noise problems during electric vehicle

development. This noise is caused by a shock phenomenon generated in each revolution due to inter-

ference between the minor diameter of the motor shaft spline and the reducer input shaft spline due

to misalignment. Through spline measurement comparisons and spline LDP analysis results, the minor

diameter of the motor shaft and its misalignment have proved to be important factors. To eliminate

spline impact noise and maintain the spline's major and minor diameter stably, a hobbing manu-

facturing method has been developed and adapted for the motor spline. Finally, this impact noise has

been improved by 10 dBA or more in electric vehicles successfully.
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Fig.3 Comparison of torque variation and noise
and vibration data under regenerative braking
conditions
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Fig. 4 Noise generation conditions and data according
to axial alignment methods
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Fig. 6 A motor shaft spline measurement
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Table1 Motor shaft spline data among base design,
rolling, noisy rolling and hobbing (unit : mm)
Spec. Major dia. Minor dia.
Shaft Da~b Po~d
Base b d
Rolling a-0.008 d+0.375
Rolling (noisy) a-0.521 d+0.396
Hobbing b-0.152 d-0.093

% a, b, ¢, d : Arbitrary value

Fig.7 Spline LDP (spline load distribution program)
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Fig.8 Spline LDP analysis results and real spline shafts
section views comparison between the OK and NG
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Table2 An analysis conditions with misalignment,
eccentricity error and torque

Analysis conditions Figure
Misalignment | Eccentricity error
TQ (deg) (mm)
(Nm)
X Y X Y
10/200 | 0.1 0.1 0.136 0
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Fig. 10 Spline tooth contact load distribution analysis with the spline LDP
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