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Analysis on Efficiency Characteristics of IPMSM for fuel Economy
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Abstract Electric motors for electric vehicles differ in efficiency characteristics depending on the operation modes,
studies for evaluating high efficiency characteristics in low speed and high speed operation modes are very
important. Therefore, it is necessary to design method that can change the high torque, high output density, and high
efficiency characteristics of driving motors for electric vehicles. In this paper, the diameter ratio of stator and rotor
for the interior permanent magnet synchronous motor is change of designed 0.62, 0.65, and 0.68, respectively, and
the efficiency characteristics of the entire operation section, average efficiency characteristics of the city driving
modes and express highway driving modes are analyzed. As a result of analyzing the efficiency characteristics of
the entire operating section, it was confirmed that as the diameter ratio increases, the high efficiency section moves
to the low speed and low torque section and the high efficiency section moves to the high speed and low torque
neighborhood as the diameter ratio decreases. As a result of analyzing the average efficiency characteristics in the
city driving modes and express highway driving modes, the average efficiency of 0.68 model is analyzed to be more
efficient than the 0.63 and 0.65 model ratio, and it is confirmed that it is suitable for city driving modes and express
highway driving modes.
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(a) 2D FEM Model
Fig. 1. Analysis model of 80 kW class IPMSM

(o) 3D FEM Model

Table 1. Specification of IPMSM analysis model

Parameter Specification
Maximum Power 80 kW
Maximum Torque 254.6 Nm

Rated Speed 3,000 rom
Maximum Speed 10,000 rpom
Number of Phases 3
Battery Limited DC 360 Vdc
Voltage AC 2546 Vrms
Number of Slots 48
Stator Outer Diameter 200 ©
Stator Inner Diameter 131 ©
Rotor Outer Diameter 130 ©
Rotor Inner Diameter 45 @
Stack Length 140 mm
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Fig. 2. Characteristics of no—load for base model
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Fig. 3. Efficiency map according to changes of
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Table 2. Efficiency data of operating point according to diameter ratio 0.62

Efficiency(%)

25465 88.35 93.56 9541
200 90.67 94.73 96.16
150 92.28 95.58 96.71 97.21 97.60

Torque 100 97.43 97.65 97.78 97.62
[Nm] 50 97.02 97.13 97.23 97.33
20 95.13 95.24 95.21 95.21
1,000 2,000 3,000 l 4,000 5,000 6,000 7,000

SpeedRPMI

Table 3. Efficiency data of operating point according to diameter ratio 0.65

Efficiency(%)

254.65 87.78 93.30 95.28
200 90.16 94.59 96.15
150 92.07 95.58 96.79 97.39 97.74

Torque 100 97.71 97.94 98.13 98.06
[Nm] 50 97.62 97.71 97.78 97.85
20 95.99 95.89 95.87 95.97
1,000 2,000 3,000 l 4,000 5,000 6,000 7,000

Speed[RPM]

Table 4. Efficiency data of operating point according to diameter ratio 0.68

Efficiency(%)

254.65 88.94 9397 95.76
200 9097 95.04 9647
150 92.68 9591 97.03 97.58 97.90

Torque 100 97.83 98.05 98.21 98.12
[Nm] 50 97.75 97.84 97.91 98.00
20 96.48 9%6.41 96.40 96.47
1,000 2,000 3,000 ] 4,000 5,000 6,000 7,000
Speed[RPM]
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