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A Study on Driving Algorithm of Single-phase PMSM based
on Proportional Resonant Current Controller
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Abstract In this paper, an operating algorithm for single-phase permanent magnet synchronous motor
based on PR current controller is proposed. In general, an asymmetric gap may occur depending on the
shape of the rotor of single-phase PMSM, and this causes noise and vibration during high-speed
operation. Therefore, in this paper, an operating algorithm for a single-phase PMSM usihng a
proportional resonant current conrtoller with excellent control stability was proposed. Proportional
resonant current controller has on steady state error is relatevly robust against distortion. Also, steady
state error of AC input can be eleminated without complicated calculation process. The validity and

availability of the proposed algorithm are verified through the experiment.
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Fig. 1. Configuration of Full-bridge Inverter Circuit
ofSingle=phase PMSM
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Table 1. Experimental Parameters

T A
IGBT(SKiip28GHO66V1) 600V / 100A
DC Link Capacitor 540uF / 400V

Single-phase

PWM Current Sensor 50A
inverter Voltage Sensor 500V
Processor TMS320VC33
Single-phase Number of poles 4

PMSM

Rated Voltage 25Vdc
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Fig. 4. Experimental Setup
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Fig. 6. Waveform of Angular Velocity and estimated
dg-axis flux based on Proposed PR Current
Controller (a) 20[krpm], (b) 40[krpm]

I8 72 A AdE Adndat 5Yg 5 249
A(20[krpm], 40lkrpm]) AZAAE & s
7 OgE Hoign 24E LU &

o

ol _]lN,
o
&
o
g

o
s
o
)
du
1o

-118 -



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)

Vol. 21, No. 1

, pp.115-120, Feb. 28, 2021.

pISSN 2289-0238, elSSN 2289-0246

njgo] st Felz ek oPgH o BT
Qg % 9let

5

mIo

Hall signal 20[krpm]

—— ot S WSS S S—— - B —

] {//\////////// .

(kepm]

rpm

25

Hall signal

40[krpm]

[ [msec] 20

b)

O3 7. Metst ST MRH0{7] 7o Z48E Y MT Ok
(a) 20[krpm], (b) 40[krpm]

Fig. 7. Waveform of Angular Velocity and Current based
on Proposed PR Current Controller (a) 20[krpm],
(b) 40[krpm]

v.d E

£ =20 Ao] g 4%57]
of Aol w2 Bl Fol
Qo) % 2704 £231 Ao] T, meb 2 =
FoA T4 PMSMO] 4514 ma Vv oy
A Aok 7R3t vl BA ARA|S A8 24
euEiEe At 48 B 45719 27171
2E) TR s} A] YRS Aot ARsTE 1
gom, ARt TuelE Tt fade BEsc

ol w4} PMSM= 3]-#}
9rEl 4= glom o]Z

=

O

¢

References

[1] P. Pillay and R. Krishnan, “Application characteristics

[10]

[11]

-119-

of permanent magnet synchronous and brushless dc
motor for servo drive”, IEEE Trans. Ind. Apple., Vol.
27, No. 5, pp.986-996, Sep. 1991.

DOL: https://doi.org/10.1109/28.90357

G. Pellegrino, A. Vagati, P. Guglielmi, B. Boazzo,
“Performance Comparison Between Surface- Mounted
and Interior PM Motor Drives for Electric Vehicle
Application®, IEEE Trans. on Ind. Elec, vol.59, no.2,
Feb. 2012

DOI: https://doi.org/10.1109/TIE.2011.2151825

JM. Gwon, K. J. Lee, H. S. Ann, “Controller Scheduling
and Performance Analysis for Multi-Motor Control”,
The journal of the institute of internet, broadcasting
and communication, vol.15, no.6, pp.71-77, 2015
DOI : http://dx.doi.org/10.7236/J1IBC.2015.15.6.71

W.S. Park, K.Y. Cho, HW. Kim, “Analysis of influence
of parameter error for extedned EMF based sensorless
control and flux based sensorless control of PM
synchronous motor”, Journal of the Korea
Academia-Industrial cooperation Society, Vol. 20, No.
3, pp. 8-15, 2019.

DOI: https://doi.org/10.5762/KAIS.2019.20.3.8

KJ. Kim, CH. K, “Control of EM-PM Hybrid Type
Magnetic Levitated Conveyor System”, JKIIT, Vol. 15,
No. 1, pp. 55-62, 2017

DOI: https://doi.org/10.14801/jkiit,2017.15.1.55

R. Mizutani, T. Takeshita, and N. Matsui, “Current
model-based sensorless drives of salient-pole PMSM
at low speed and standstill,” IEEE Trans. on Industry
Applications, Vol. 34, No. 2, pp. 841-846, July/Aug,
1998.

DOI: https://doi.org/10.1109/28.703990

S. Morimoto, K. Kawamoto, M. Sanada, and Y. Takeda,
“Sensorless control strategy for salient pole PMSM
based on extended EMF in rotating reference frame,”
IEEE  Trans. on Ind. Applic, vol38, no4,
pp.1054-1061, July/Aug. 2002.

DOI: https://doi.org/10.1109/TIA.2002.800777

S. Singh, A. N. Tiwari, S. N. Singh, "Performance of
Sensorless Method for PMSM Drive", 2018 8th IEEE
India International Conference on Power Electronics
(IICPE), 13-15 Dec. 2018

DOI: https://doi.org/10.1109/1ICPE.2018.8709556

Y.U. Park, J.H. Cho, D.K. Kim, “Cogging Torque
Reduction of Single-Phase Brushless DC Motor With a
Tapered Air-Gap Using Optimizing Notch Size and
Position”, TEEE Trans. on Ind. Applic., vol.51, Issue. 6,
Nov.-Dec. 2015

DOI: https://doi.org/10.1109/TIA.2015.2453131

A. Kuperman, ‘Proportional-Resonant Current
Controllers Design Based on Desired Transient
Performance”, IEEE Trans. on Power Elec., vol.30,
Issue.10, Oct. 2015

DOI: https://doi.org/10.1109/TPEL.2015.2408053

J. Chen, Z. Chen, J. Duan, C. Zhang, “Four-phase
transverse flux permanent magnet motor control



A Study on Driving Algorithm of Single-phase PMSM based on Proportional Resonant Current Controller

system with AC current control based on PR
regulator”, 2019 22nd International Conference on
Electrical Machines and Systems 11-14, Aug. 2019
DOI: https://doi.org/10.1109/ICEMS.2019.8921686

[12] H.D. Kang, S.H. Hwang, “Starting algorithm based on
the DQ model of single-phase PMSM using variable
APF’, Journal of the Korean Society of Marine
Engineering, vol.42, no. 7, pp. 602~608, 2018
DOI : https://doi.org/10.5916/jkosme.2018.42.7.602

X Xt & H

o 9 M(™sl2)

20154 29 : At

A7 85I EA

20179 29 @ Azt
HAZIHA A

2018¥~EA] : It ATA BA
a7 EX AE A7

-120 -



