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ABSTRACT

Rotor Characteristics Analysis of IPMSM for Electric
Vehicle Considering Mechanical Fatigue

Sung-Jin Kim
Advisor : Prof. Yong—Jae Kim, Ph. D.
Department of Electrical Engineering

Graduate School of Chosun University

Due to the recent oil energy exhaustion and the strict environmental
regulation, the development of vehicle for the future with new method
1s being widely studied replacing the existing engine driving method.

Therefore, hybrid electric vehicle (HEV), electric vehicle (EV), and
plug—in hybrid electric vehicle (PHEV) are being actively developed in
order to replace the conventional diesel-powered or gasoline—powered
vehicles that are targeted as the major cause of air pollution.

In case of HEV, it's already in the market for sale. The
requirements for performance of this type of EV traction motor are
high torque, high speed, high power, high efficiency and
miniaturization. The Interior Permanent magnet Synchronous motor
(IPMSM) for EV traction increases in output value per unit volume.

However, the rotor of IPMSM 1is connected directly to the
mechanical load rotating in high speed, thus the stable stress must be
evenly distributed and designed to tolerate the critical speed. Therefore
the structural design of rotor becomes an important technology. When

designing the structure of rotor, the width of centerpost according to

_Vi_



the magnet position affects the operation characteristics of the IPMSM.
When the width of centerpost is narrowed, its sending all the
magnetic flux generated by the magnet of rotor toward the air—-gap
direction eventually increasing the torque. However, when the width of
centerpost is narrowed, that increasing highly the risk of damage or
destruction of IPMSM by centrifugal force in case of high speed
driving.

Therefore, in this paper width of centerpost which affects the
performance characteristics of IPMSM has been adjusted and the
characteristics of IPMSM according to this adjustment have been
examined with 2-D numerical analysis using finite element method.
Moreover, the stress analysis has been performed to test the structural
safety of IPMSM and guarantee the safety factor of centerpost.

As the result, it was confirmed through the electromagnetic field
analysis that the operation characteristics of IPMSM were more
improved when the width of air-barrier got wider. Cogging torque did
not show significant effect on the width of air-barrier. However, in
case of both the average and maximum torques about 2 % of increase
was obtained depending on the adjustment of width of air—barrier.
Moreover, we verified that the torque ripple which exerts harmful
influence on the driving characteristics of IPMSM became lesser when
the width of air-barrier got wider. Also, the optimum width of
structural limit of air-barrier’'s width was confirmed through the stress

analysis by grasping the stress of centerpost.
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(b) Interior Permanent Magnet Synchronous Motor(IPMSM)

Fig. 1. The Structure of PMSM
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Fig. 4. Burst Bridge by Stress
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Table 3. The Specifications of IPMSM

Parameter Value [Unit]
Maximum output 100 [KW]
Diameter 157.5 [mm)]
Magnet type Nd-Fe-B
Number of poles 8 [poles]
Rotor A
Material 35PN210(POSCO)
Silicon steel Thickness 0.35 [T]
Yield strength 440 [Mpal
Diameter 240 [mm)]
Phase 3
Number of slots 36
Stator — —
Winding Distributed
3y Material 35PN210(POSCO)
Silicon steel -
Thickness 0.35 [T]
Maximum speed 14500 [rpm]
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Table 4. The Design Parameter Comparison of Method by Adjustment
of Air-barrier’'s Width

X; [Unit] Xy [Unit] X3 [Unit]
Basic Model 9.9 [mm] 1.0 [mm] 5.5 [mml]
1 10.0 [mm] 0.8 [mml] 5.6 [mml]
2 10.1 [mml] 0.6 [mml] 5.7 [mml]
Case No.
3 10.2 [mm)] 0.4 [mm] 5.8 [mml]
4 10.3 [mm] 0.2 [mml] 5.9 [mml]

Table 5. The Design Parameter Comparison of Method by Movement
of PMs and Air-barrier

X4 [Unit] X5 [Unit] Xg [Unit]
Basic Model 9.9 [mm] 1.0 [mm] 5.5 [mml]
5 9.9 [mm] 0.8 [mml] 5.5 [mml]
6 9.9 [mm] 0.6 [mml] 5.5 [mml]
Case No.
7 9.9 [mm] 0.4 [mm] 5.5 [mml]
8 9.9 [mm] 0.2 [mml] 5.5 [mml]
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Magnetic Flux Density
ContourPlot : T
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3.789E-01
2.526E-01
1.263E-01
0.000E+00

Max. Magnetic Flux Density : 1.98 [T]

Fig. 10. Magnetic Flux Density Distribution of Basic Model (No Load)
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Magnetic Flux Density Magnetic Flux Density
Con t:T Contour Plot : T

2.400E+00 2.400E+00
4

| Max. Magnetic Flux Density : 2.01 [T] | | Max. Magnetic Flux Density : 2.20 [T] |

(a) Method by Adjustment of (b) Method by Movement of PMs

Air-barrier’'s Width and Air-barrier

Fig. 11. Magnetic Flux Density Distribution (No Load) -
Width of Centerpost : 0.2 [mm)]
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Cogging torque [Nm]
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(b) Method by Movement of PMs and Air-barrier

Fig. 12. Cogging Torque Waveforms
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Cogging torque peak-to-peak [Nm]

Cogging torque peak-to-peak [Nm]
Cogging torque peak-to-average [%]
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(a) Method by Adjustment of Air-barrier’'s Width
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(b) Method by Movement of PMs and Air-barrier

Fig. 13. The Peak-to-Peak and Peak-to-Average of

Cogging Torque
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Magnetic Flux Density
ContourPlot: T

2.400E+00
2274E+00
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7.579E-01
6.316E-01
5.053E-01
3.789E-01
2.526E-01
1.263E-01
0.000E+00

Max. Magnetic Flux Density : 2.10 [T]

Fig. 14. Magnetic Flux Density Distribution of Basic Model (Load)
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Magnetic Flux Density
ContourPlot: T

Magnetic Flux Density
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| Max. Magnetic Flux Density : 2.31 [T] | | Max. Magnetic Flux Density : 2.32 [T] |

(a) Method by Adjustment of (b) Method by Movement of PMs
Air-barrier's Width and Air—barrier

Fig. 15. Magnetic Flux Density Distribution (Load) -

Width of Centerpost : 0.2 [mm)]
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Torque [Nm]

centerpost : 1.0 [mm]
—&— centerpost : 0.6 [mm]
—&— centerpost : 0.2 [mm)]
67 L L

68

— —centerpost : 0.8 [mm]
—#— centerpost : 0.4 [mm)]
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Mechanical angle [deg]

(a) Method by Adjustment of Air-barrier’'s Width

T§ e

Torque [Nm]

centerpost : 1.0 [mm]
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—— centerpost : 0.2 [mm)]
67 L :

— — centerpost : 0.8 [mm]
—&— centerpost : 0.4 [mm]
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180 240 300 360

Mechanical angle [deg]

(b) Method by Movement of PMs and Air-barrier

Fig. 16. The Generated Torque Waveforms according to the

Adjustment of Centerpost’s Width
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Torque ripple peak-to-peak [Nm]

Torque ripple peak-to-peak [Nm]

Torque ripple peak-to-average [%]
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(b) Method by Movement of PMs and Air-barrier

Fig. 17. Torque Ripple Changes according to the

Adjustment of Centerpost’s Width
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Miges Stress
Contour Plot: Pa
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Max. Stress : 200.127 [Mpa] |

Fig. 18. Stress Distribution of Basic Model
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Mises Stress Mises Stress
Contour Plot: Pa

Contour Plot: Pa
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Fig. 19. Stress Distribution - Width of Centerpost : 0.2 [mml]
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Table 6. A Comparison on Results

e Air-barrier % @ T-AA 3 Air-barrier
- Zde) o3 Uy o] Fol <3t W
Width of centerpost 1.0 [mm] 0.2 [mm] 1.0 [mm] 0.2 [mm]
Maximum
cogging 0.93 [Nm] | 094 [Nm] | 093 [Nm] | 1.05 [Nm]
torque
. cogging
Cogging | = e 203 [Nm] | 201 [Nm] | 203 [Nm] | 1.98 [Nm]
torque
pk-pk
cogging
torque 2.87 [%] 2.79 [%] 2.87 [%] 2.74 [%]
pk-average
Maximum |2y ) [\ | 7348 [Nml | 7194 [Nm] | 74.07 [Nm]
torque
Torque
ripple 7.29 [Nm] 7.42 [Nm] 7.29 [Nm] 8.00 [Nm]
Torque pk—pk
Torque
ripple 10.32 [%] 10.29 [%] 10.32 [%] 11.09 [%]
pk-average
Maximum 200.127 448 58 200.127 44772
stress [Mpal [Mpal [Mpal [Mpal
Stress Safet
aey 2.19 0.98 2.19 0.98
factor
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