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Torque Ripple Reduction of 120kW Wound Rotor Synchronous Motor for EV
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Abstract :

Recently, as automotive tends to be electricized and leisure space, traction motor of automotive become

more important. In addition to price of rare earth magnet is flexible. So nonrare earth magnet traction motor should be
studied. This paper presents a design strategy of Wound Field Synchronous Motor(WFSM). The design strategy is that
confirm main factors which have an major effect on torque and torque ripple through design of experiments. Then,
confirm change tendency of torque, torque ripple and induced voltage through main design factors which are pole arc,
thickness of rotor and stator, and eccentricity using response surface methodology. With this strategy, this paper presents
an improved model for torque ripple reduction and induced voltage compared to initial model.
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Subscripts
p-u. : per input voltage
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Fig. 1 Initial model

Table 1 Data of initial model
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Table 2 characteristics of initial model
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Fig. 2.1 normalized induced voltage of
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Fig. 2.2 torque of initial model@4800rpm
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Fig. 3.1 Stator of WFSM
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Fig. 3.2 Rotor of WFSM
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Table 3 Orthogonal array table-4 variables, 3 levels

X1 X2 X3 X4
CASE1 0 0 0 0
CASE2 0 1 1 1
CASE3 0 2 2 2
CASE4 1 0 0 1
CASES 1 1 1 2
CASE6 1 2 2 0
CASE7 2 0 1 0
CASES 2 1 2 1
CASE9 2 2 0 2
CASEI10 0 0 2 2
CASE11 0 1 0 0
CASE12 0 2 1 1
CASE13 1 0 1 2
CASE14 1 1 2 0
CASEI5 1 2 0 1
CASE16 2 0 2 1
CASE17 2 1 0 2
CASEI8 2 2 1 0




Table 4 Design range for DOE

A W 0 1 2

pole angle (X1)[°] 25 30 35
rotoryoke (X2)[mm] 13 15 17
eccentricity (X3)[mm] 5 10 15
statoryoke (X4)[mm] 6 8 10
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Table 4.1 Torque thorough design parameters

EA p-value
pole angle (X1) 0
rotoryoke (X2) 0
eccentricity (X3) 0.3249
statoryoke (X4) 0.0013
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Fig. 4.1 Torque ripple through design parameters

Table 4.2 Torque ripple thorough design parameters

EFEZE p-value
pole angle (X1) 0
rotoryoke (X2) 0.0036

eccentricity (X3) 0.0003
statoryoke (X4) 0.152

Fig. 4.2 Torque ripple through design parameters
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Fig. 5.1 Response surface contour plots of torque
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Table 5 Data of improved model
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AA A p-value
pole angle [°] 40
rotoryoke [mm] 9
eccentricity [mm] 20
statoryoke [mm] 12
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Fig.6 Initial model and improved model
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Fig.7.1 Torque of initial model and improved model

Table 6.1 Average torque and torque ripple

Initial Improved
average torque[Nm] 243.222 237.833
torque ripple[%o] 22.195 6.834
15

0.0

5P val 7Y
-1.0 %ﬁ’%{v —+— Initial model
L

Y - -& - Improved model
1

@12000rpm

—C— Input voltage
20 180 240 300 360

normalized mauceda voirage [p.u|

electrical angle [°]
Fig.7.2 Induced voltage of initial model and improved model



Table 6.2 max normalized induced voltage

Initial Improved
max induced voltage[p.u.] 1.233 0.998
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