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Study on the Reduction of Eddy Current Loss of Permanent Magnet
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Synchronous motors with PWM control are the main ones. When a motor is driven through PWM control, the current waveform
considering PWM control shows a different waveform from the sinusoidal current waveform used for general Finite Element Method
(FEM) analysis. It is a waveform with harmonics in a sinusoidal current waveform, and this harmonic component has a great effect on
eddy current loss generated in permanent magnets, and this eddy current loss causes demagnetization in permanent magnets and
affects motor performance. In this paper, the magnet division method is selected as a method to reduce eddy current loss per unit
volume, and the reduction of eddy current loss per unit volume according to the decrease in length of the magnet is confirmed. In
addition, the effect of harmonics on the eddy current loss of the permanent magnet is confirmed by comparing the current waveform
considering PWM with the sinusoidal current waveform. The validity of the above points is verified through FEM.
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Fig. 1. PWM control circuit diagram for PWM control-integrated analysis.
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Fig. 2. Sinusoidal Current Waveform.
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Fig. 3. (Color online) Current Waveform considering PWM control.
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Fig. 4. (Color online) Geometry of the IPMSM.

Table 1. Specifications of the model.

Parameter IPMSM Unit
Poles / Slots 8/ 12 -
Rated Power 5 kW
Rated Speed 6,000 rpm
Current 20 Arms
Series Turns per phase 76 -
Parallel Branches 4 -

Table II. Performance versus segmentation count.

Parameter 1 Seg 2 Seg 3 Seg 4 Seg 5 Seg Unit
Torque 1042 1042 1043 10.37 1032 Nm
Torque Ripple 9.5 7.8 7.6 6.6 6.5 %
Core Loss 96.5 963 945 944 930 W
Eddy Current Loss 5.8 1.7 0.8 04 0.3 w
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Fig. 5. (Color online) Trend of torque and eddy-current loss with
segmentation count.

Fig. 6. (Color online) Geometry of the model with segmented
magnets.

Table II1. FEA results of the two models.

Parameter Unsegmented Segmented Unit
model model

Torque 10.42 10.7 Nm

Torque Ripple 9.5 8.0 %

Core Loss 96.5 98.8 W

Eddy Current Loss 5.8 0.42 w
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Fig. 7. (Color online) Current waveform: (a) sinusoidal; (b) PWM-controlled for the 4-segment model.
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Fig. 8. (Color online) Current harmonics considering PWM.

Table IV. FEA results of the segmented-magnet model (with v. d =2
Sinusoidal and PWM Current).
Parameter Sinusoidal P Unit 2 =2 A BSB89 ofdR® &4 A
Current Current Woke AL P Jol= Telsk Ae 913 sjwe] o
= A k) ) WM * = QU 7

THD of the line voltage 10.1 522 % cE o Lo -
Torque Ripple 8.0 163 % Z9 8 o[ S A WS AljkeATE FFAR
Eddy Current Loss 0416 0.604 W A RS SRAFE ez olo]A FRA; LEE ARSA|

71B2, =A] Aol wE &) AHT ofiF &4 54S
23 4] Pasdit). Table Ve A £8 2 HAle] A RS Adsigdt) wma pwM ARs <l
3 gdu} MR/ PWM @Ei 77y A-839S wje] FEA HE] Flgjo] ool 7118 vz} RS s, o] A
A= A3 PWM AFe] 11xul=2 ols)] Fapr] X7t B2 A R Aol G v ol H}E]—
2%t THDE A3ut tﬂu] ok 417%, E =S oF 103% Zub JFF 74 ‘;‘ At &4 35S 98 PWM AlolE
71t Eg G7AR] R A2 PWM AR A8 aHg A7 S AR A HES ARSI Akt
Al 0.604 W=, oF 45% 711t &2 A= JEgsk &4 ZHA BEEHT PWM E 14| B2 FEAS B3l A
495 28 PWM AlojE A3 sixe] BaAde vepdc Z3kact.

é“.: mlru

i



-30- PWMS 1188 47214

AL A

o] =& 2022d% GRS Ao FATA ]
A LS ol 3 7|2 ATARI Y (NRF-2022R 111A3068863).

References

[1] Y. Xu, M. Ai, Z. Xu, W. Liu, and Y. Wang, IEEE Transactions
on Applied Superconductivity 31, 1 (2021).

[2] W. Zhao, Z. Yang, Y. Liu, and X. Wang, IEEE Transactions on
Magnetics 57, 1 (2021).

[3] N. Zhao and W. Liu, IEEE Transactions on Magnetics 51, 1
(2015).

[4] J.-H. Seo, D.-K. Woo, T.-K. Chung, and H.-K. Jung, IEEE
Transactions on Magnetics 46, 3213 (2010).

=2 A=A

T = I

7135719 oFd A7rel] B A 3o

B AT —olo)A - 3]
[5] R. Xu and W. Tong, CES Transactions on Electrical Machines
and Systems 6, 352 (2022).
[6] K.-Y. Yoon and B.-I. Kwon, IEEE Transactions on Magnetics
52,1 (2016).
[7] S. A. Saleh, T. S. Radwan, and M. A. Rahman, IEEE Transac-
tions on Power Delivery 22, 2108 (2007).
[8]1 J. Du, Y. Li, Z. Yu, and Z. Wang, IEEE Transactions on
Applied Superconductivity 31, 1 (2021).
[9] S.-H. Kim, Electric Motor Control DC, AC, and BLDC
motors, Elsevier Science, Amsterdam (2017) pp. 265~267.
[10] B.-C. Kim, J.-H. Lee, and D.-W. Kang, IEEE Transactions on
Applied Superconductivity 30, 1 (2020).
[11] Y. Zhang, K. Lu, and Y. Ye, IEEE Transactions on Magnetics
48, 3005 (2012).
[12] K. Yamazaki and A. Abe, IEEE Transactions on Industry
Applications 45, 659 (2009).



