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Model predictive torque control for permanent magnet synchronous
motor based on fuzzy ranking approach
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Abstract: Aiming at the problem that the weighting factors of cost function are difficult to design and tuning in model
predictive torque control (MPTC) for permanent magnet synchronous motor (PMSM), taking the multi-objective control
problem of reducing the switching frequency as an example, the MPTC based on ranking approach is studied. The priority
is designed to avoid the problem that the optimal solution of voltage vector is not unique in the ranking process. Considering
that the importance of control objectives is not exactly equal, a ranking-based MPTC with scaling factor is proposed, which
uses scaling factor to tune the importance of the control objective. Different from the continuous weighting factor, the
effect of scaling factor has piecewise characteristic, so its adjustment process can be effectively simplified. Furthermore, a
MPTC based on fuzzy ranking approach is proposed to realize the dynamic optimization of scaling factor, so as to better
adapt to the changing operating points of motor. The simulation results show that compared with conventional MPTC using
fixed weighting factor, the proposed control strategy can reduce the average switching frequency, torque and flux ripple of
the system, and can effectively suppress the torque and flux ripple under dynamic conditions. The test results of algorithm
execution time show that the ranking approach does not seriously degrade the real-time performance of MPTC.
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Fig. 1 Conventional SPMSM MPTC system
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Table 2 Rankings of switching numbers
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K& Viero Vi Voo V3 V4 V5 Vg
Vo 0 1 4 1 4 1 4
i 10 1 4 6 4 1
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Vs 1 4 1 0 1 4 6
Vi 16 4 1 0 1 4
Vs 1 4 6 4 1 0 1
\Z 1 1 4 6 4 1 0
Vi 0 4 1 4 1 4 1
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Table 3 Calculation example of the ranking approach
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Vzero 00730 2 4 15
Vi 0.0315 0 1 0
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Vs 0.0663 4 3 4 7
Vs 00196 2 0 1
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Fig. 2 Flow chart of the MPTC based on ranking approach
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Table 4 Parameters of SPMSM for simulation
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Table 5 Performances of motor system under
different priority control
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L]
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Table 6 Piecewise points derived by formula

ATHET H 5B
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Table 7 Difference statistics of voltage vector solved
by different scaling factors

R REARE R R EANE
MR dib /%
(0, 1/6) 0 0.00
(1/6, 1/5) 720 1.79
(1/5, 1/4) 2880 7.14
(1/4, 1/3) 5040 12.50
(113, 2/5) 11808 29.29
(2/5, 1/2) 12672 3143
(112, 3/5) 13824 34.29
(315, 2/3) 13824 34.29
(213, 3/4) 16416 40.71
(3/4, 4/5) 16632 41.25
(4/5, 5/6) 16632 41.25
(5/6, 1) 16632 41.25
(1, 6/5) 20160 50.00
(413, 3/2) 20160 50.00
(312, 5/3) 20160 50.00
(5/3,2) 20160 50.00

25 ESCHFE AT T, 4 1 RAEA A
DX 1] 3 B, HLL R 48 1 B 4B Bk S/RMISE T % fik
ZHRMSE . P14/ b8 K0T BIELAN 1 2 T S R ik 8
FEI5-8FT7R.

% 8 IR ME T4 TR R LA
Table 8 Performances of motor system under
different scaling factors

k Trip-RMSE/  ¥rip—RMSE/ e fave/

(N -m) Wb KHz

[0,1/6) 1.0043 0.0035 0.0394 6.05
(1/6,1/5) 1.0043 0.0035 0.0394 6.05
(1/5,1/4) 1.0110 0.0038 0.0399 5.66
(1/4,1/3) 09116 0.0038 0.0352 4.18
(1/3,2/5) 0.8266 0.0047 0.0335 3.59
(2/5,1/2) 0.8257 0.0047 0.0335 3.57
(1/2,2/3) 0.8240 0.0047 0.0338 3.50
(2/3,3/4) 0.8259 0.0047 0.0334 3.52
(3/4,1) 0.8259 0.0047 0.0334 3.52
(1,2) 1.4902 0.0107 0.0550 2.80
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