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The aim of this research was to investigate the torque performance of the motor in an electric vehicle depending on the
rotor shape and air gap. The research focused on numerical comparison of torque performance of new rotors based on the
average torque and torque ripple rate, which appeared according to the number and placement of permanent magnets.
This research was numerically analyzed by MAXWELL V21.1. Average torque values in cases 1, 2, and 3 were increased,
but vibration and noise in cases 1 and 3 were increased as the torque ripple rate increased. Considering the average
torque and torque ripple rate, the torque performance of case 2 was the most optimal. Compared with Model N, the
average torque of case 2 was increased by 9.1% and the torque ripple rate was reduced by 1.5%. The torque performance
according to the size of air gap was compared with the basic model of case 2, which showed the best performance. An air
gap of 0.7 mm applied to Model N showed the best torque performance. An additional magnet on case 2 and air gap of
0.7 mm provided the best torque performance and improved the driving motor performance for motor durability.
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(b) Model B

Fig. 1 Actual photograph of electric vehicle motors belonged to the
present research lab
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(b) Assembly of stator and coil (Top view)

(d) Assembly of rotor and permanent magnet (Top view)

Fig. 2 Actual photograph of direct tear-down stator and rotor parts
of electric motor model N (Left) and B (Right)
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Fig. 3 Imported geometries of motor shape of model N and B
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(a) Model N
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Fig. 4 Magnetic field contours in the static state of model N and B
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Fig. 5 Torque vs. driving time at model N and B
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Table 1 Physical dimensions of electric motor model N

Diameter internal / external (D) [mm] EA

Rotor 50/132.4 1

Stator 133.1/199.4 1
Width (L) [mm] Thickness (T) [mm] EA

12 5 16

Magnet

16 3 16

Coil 20 6 48

Table 2 Physical dimensions of electric motor model B

Diameter internal / external (D) [mm] EA
Rotor 50/139.2 1
Stator 140 /202 1
Width (L) [mm] Thickness (T) [mm] EA
10 5 16
Magnet 20 4 16
Coil 18 2 72

(a) Model N
(2 Layer of magnet)

(b) Case 1
(Model N-offset 1.5 mm)

(c) Case 2
(3 Layer of magnet)

(d) Case 3
(Case 2-offset 1.5 mm)

Fig. 6 Imported geometries of motor design shape at four different
cases
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Fig. 7 Magnetic field contours in static state at four different cases 3
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Fig. 8 Torque vs. driving time at four different cases

Table 3 Torque analysis at four different cases

Design Tonax Tomin Tave©) T Tr
shape [N'm]  [N'm]  [N'm] [%0] [%0]
Model N 385 362 375 0 6.1
Case 1 484 386 431 149 22.7
Case 2 421 402 409 9.1 4.6
Case 3 474 406 441 17.6 15.4

Fig. 9 Detailed view
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Fig. 10 Magnetic field contours in static state by air gap
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Fig. 11 Torque vs. driving time of four different air gaps in case 2
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Table 4 Torque analysis at four different air gaps in case 2

Air Tmax Tmin Tavg(A) T+ TR
gap [mm]  [N-m] ~ [N'm]  [N'm] (%] (%]
0.5 456 410 428 4.6 10.7
0.7 421 402 409 0 4.6
0.9 378 357 368 -10.0 5.7
1.1 313 298 305 -25.4 49
600 4 Torque [N'm] 16
“#= Voltage [V] 14
h “®=Torque ripple rate [%] 12
. 500 "
s E =
=z -y
&s  |& s S5 3
s = — .g
R4 -9
> ﬁ 6 e
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300 0
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Air gap [mm|

Fig. 12 Variation of voltage, torque, and torque ripple rate with four
different air gaps in case 2
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