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Proportional Resonant Feedforward Contrl Algorithm for
Speed Ripple Reduction of 3—-phase SPMSM
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Abstract

This paper propose a variable proportional resonant feedforward algorithm for reducing the speed ripple of a
three—phase permanent magnet synchronous motor. In general, the torque ripples can be generated by electrical pulsation
due to current measurement errors and dead time and mechanical pulsation because of rotor eccentricity and eccentric
load. These torque pulsations can cause speed pulsations of the motor and degrade the operating performance of the
motor drive system. Therefore, in this paper, the factors of the speed ripple is analyzed and an algorithm to reduce the
speed ripple is proposed. The proposed algorithm applied a variable proportional resonant controller in order to reduce the
specific operating frequency included in the speed pulsation, and utilized a feedforward compensation controller structure
to perform the compensation operation. The proposed algorithm is verified through various experiments.
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Fig. 1. Force of 3-phase SPMSM with eccentric load.
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Fig. 2. Block diagram of the proposed algorithm.
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Table 1. Specifications of 3-phase SPMSM driving system.

E 1. 32t SPMSMe| & A|ARIS| ALt
Parameters Value
Number of poles 48
Stator resistance 5.488Q
3-phase
SPMSM Stator inductance 30.488mH
back-EMF constant 0.1433V/rad/s
IPM(PM100RLA1A120) 1200V/100A
DC-link capacitor 540uF/450V
3-phase
mnverter Current sensor 25A
Switching Freq. 10KHz
TMS320C28346
Processor Period of current controller 100us
Period of speed controller 1Ims
References

[1] S. O. Kwon, J. J. Lee, G. H. Lee, and J. P.

Hong, “Torque ripple reduction for permanent

magnet synchronous motor using harmonic current
injection,” Transaction of Korean Institute of
FElectrical Engineers, Vol.58, No.10, pp.1930-1935,
2009. DOL: 10.1109/TMAG.2008.915776

[2] A. Kurnia, R. De Larminat, P. Desmond, and
T. O'Gorman, “A low torque ripple PMSM drive
for EPS applications,” Applied Power Electronics
Conference & Exposition(APEC), Vol.2, pp.1130-
1136, 2004. DOI: 10.1109/APEC.2004.1295965

[3] D. Y. Yoon and S. C. Hong, “Reduction of
torque ripple due to current-sensing errors in
inverter-fed AC motor systems,” Transaction of
Korean Institute of Power Electronics, Vol.3,
No.4, 1998.

[4] H. Tamura, T. Ajima, and Y. Noto, “A torque
ripple reduction method by current sensor offset
error compensation,” 15th European conference
on Power Electronics and Application(EPE), pp.
1-10, 2013. DOI: 10.1109/EPE.2013.6631858

[6] S. H. Lee, I. P. Hong, S. J. Park, and C. U.
Kim, “Torque ripple minimization for IPMSM
with nonsinusoidal back-EMF,” Transaction of
Korean Institute of Power Electronics, Vol.7,
No.1, pp.91-100, 2002.

DOI: 10.1109/ME49197.2020.9286703

[6] S. Chen, A. Song, and T. Sekiguchi, “High
efficiency and low torque ripple control of
permanent magnet synchronous motor based on
the current tracking vector of electromotive force,”
Conference Record of IEEE Industry Applications
Society(IAS), Vol.3, pp.1725-1729, 2000.

DOI: 10.1109/TAS.2000.882113

[7]1 J. W. Park, D. H. Koo, J. M. Kim, G. H.
Kang, and J. B. Park, “High performance speed
control of permanent magnet synchronous motor
with eccentric load,” in Proc IEEE Ind. Appl
Soc. Conf. (IAS 2001), pp.815-820, 2001.

DOI: 10.1109/1AS.2001.955547

(1107)



188

—— BIOGRAPHY |

Seon-Yeong Lee (Member)

2018: B.S. degree in Electrical
Engineering, Kyungnam University.
2020 : MLS. Course in Electrical
Engineering, Kyungnam University.
2020 ~Present : Researcher,
Automobile&Robot Center for
Gyeongnam Technopark

Seon-Hwan Hwang (Member)

2004 : B.S. degree in Electrical
Engineering, Pusan National
University.

2006 : ML.S. degree in Electrical
Engineering, Pusan National
University.

2011 : Ph.D. degree in Electrical Engineering, Pusan
National University.

2011 ~2012 : Postdoctoral Researcher, Center for
Advanced Power Systems(CAPS), Florida State
University, Tallahassee, FL, USA.

2012 ~Present : Professor in Department of Electrical
Engineering, Kyungnam University.

Gyung-Yub Kim (Member)

2004 : B.S. degree in Mechanical
Engineering, Ulsan University.

for Myunghwa Cooperation.
2011 ~Present : Researcher, R&D
Center for GMB Korea Cooperation.

2004~2008 : Researcher, R&D Center

(1108)

j.inst.Korean.electr.electron.eng.Vol.24,No.4,1104 ~1108 December 2020

Jong-Won Park (Member)

2001 : B.S. degree in Control and
Measurement Engineering, Pukyong
National University.

2003 : MLS. degree in Mechanical
Engineering, Pukyong National

University.

2003~2005 : Researcher, R&D Center for KAERIL
2005~2008 : Researcher, R&D Center for Hyoseong
Electric Cooperation.

2008~Present : Researcher, R&D Center for GMB Korea
Cooperation.



