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Torque Tracking and Ripple Reduction of Permanent Magnet Synchronous
Motor using Finite Control Set-Model Predictive Control (FCS-MPC)

Hyo-Seong Park' and Youngll Lee'

Abstract - This paper proposes a torque control method of permanent magnet synchronous motor, which has

small torque ripple. The proposed control

method

is using the finite control set-model predictive

control(FCS-MPC) strategy. An optimal input voltage vector minimizing a cost function is chosen among 6
passible active input voltage vectors following the FCS-MPC strategy. Then, a modulation factor for the
optimal input voltage vector is computed to minimize the torque ripple. Thus, the proposed control method
yields fast torque response and small torque ripple. The efficacy of the proposed method was verified through

simulation and experiment.

Keywords: permanent magnet synchronous motor(PMSM), direct torque control(DTC), finite control set-model
predictive control(FCS-MPC), torque ripple reduction
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Fig. 1 PMSM control system using 2 level inverter
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Table 1 Passible switching state of 2 level inverter

State Sa Sb Sc Voltage Vector
0 OFF OFF OFF Vo =02£0°
1 ON OFF OFF V,=2/3V,£0°
2 ON ON OFF V,=2/3V,.£60°
3 OFF ON OFF V;=2/3V,.£120°
4 OFF ON ON V,=2/3V,£180°
5 OFF OFF ON Vs =2/3V,.£240°
6 ON OFF ON Ve=2/3V,.£300°
7 ON ON ON v, =0£0°
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Table 2  Specification of SPMSM and control system

Voo DC link voltage 300V
R, Stator resistance 1.250
L, Stator inductance 3.5mH
Am PM flux 0.271 Wb
P Number of poles 6
Wy, Rotation speed 375 RPM
5 Sampling time 100usec
Ve |+ 4@
T
3 Phase Inverter
B Switch MPC controller
Signal
Selected Volt
Voltage Time
Optimizer
Fig. 2 System block diagram
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Table 3 Gain of PI controller

Figure P gain I gain

12— (b) 11 0.02

13— (a) 16 0.02

13— (b) 6 0.02
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Table 4 Compare between PI and proposed MPC controller

Controller PI proposed MPC

Torque ref 2Nm—4Nm 2 Nm—4Nm

Rise time Smsec 2msec
Torque ripple < 9% < 10%
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