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ABSTRACT

Dynamic and static shaft eccentricity in integrated electric motor-reducers can lead to variations in

the motor air gap and elevate both the motor and gear noise levels. This study investigates the effects

of static and dynamic eccentricity, along with the presence of wave washers, on the gear noise of an

integrated electric motor-reducer system. The results indicate that shaft eccentricity substantially

increases both the orbit radius and width magnitude, with enhancements of up to 1.33 times and

4.57 times, respectively, under static and dynamic eccentricity conditions. Although the axial motion

remains relatively small(under 10 #m), its magnitude is intensified by the absence of wave washers

and the presence of eccentricity. A novel correlation between shaft motion and gear vibration was

identified, illustrating that shaft movement induced by eccentricity has a direct impact on gear meshing

dynamics. The absence of wave washers, coupled with static eccentricity, was associated with a

maximum increase of 25 dB in gear vibration. These findings underscore the critical importance of

closely regulating shaft eccentricity and related parameters to optimize motor-reducer performance and

minimize gear noise in electric vehicles.
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Fig.1 Equipment for disassembling and assembling
motor and reducer
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Fig. 2 Repeatability evaluation results of gear noise after
multiple disassembly and assembly cycles
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Fig. 10 Comparison of rotor shaft orbit results(base,

Fig.9 An experimental measurement set up for rotor static, and dynamic eccentricity conditions with
shaft movement and gear vibration of a motor and without wave washer under acceleration
and reducer system condition)
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Fig. 11 Comparison of rotor shaft orbit radius and width
under base with wave washer, and dynamic
eccentricity without wave washer conditions

Table 1 Orbital variations rate under different eccen-
tricity conditions(with and without wave washers)
during acceleration and deceleration(ratio)

Condition Radus Width
[ww] B S D B S D
w 1 1.1 [ 108 ] 1 | 407 | 45
Acc
wo | 1 | 123|133 | 429 | 443 | 429
W 1 | 114 | 108 1 | 457 | 45
Dec

wo 1 1.23 13 | 4.14 | 4.43 4.5

*1) ww : wave washer, w: with ww, wo: without ww

*2) B : Base, S : Static eccentricity, D : Dynamic
eccentricity

*3) Acc : Acceleration, Dec : Deceleration
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