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Abstract: To solve the problems of traditional motors such as large harmonic current, large torque ripple, and
the performance of the motor is easily affected by the weighting factor, a new model predictive torque control
method with discrete duty cycle optimization was proposed. Firstly, a two-step lookup table was established based
on the DTC theory. The torque and magnetic flux of the subspace were adjusted by selecting the initial optimal
voltage vector, the harmonic current in the x—y subspace was suppressed. Secondly, the zero vector was inserted
into the optimal voltage vector to adjust the duty cycle, and the cost function was used to determine the optimal duty
cycle to minimize the torque and flux error. Finally, a comparative experiment with the traditional MPTC method
verified the effectiveness of this method. The experimental results show that this method has good performance
advantages in reducing harmonic current and torque ripple, and has high robustness to six-phase permanent magnet
synchronous motors, and can effectively reduce the influence of weighted factor changes on motor performance.
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Fig.1 Asymmetrical six-phase PMSM drive system
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Fig.2  Voltage vector projection
2 BACh E AR TR 44 4E 12 ]

Gy MPTC J5 ¥k i, T A AL K 24 i
A BRI IR A B R /N R BV TR
—F 2o B3 TN AR SO B A T R
= AL A R AR I . B G T DTC 3
WBT T AR I AR kL K2
N o I AR 1, M O 25 a-B A (]
HR R TG 8 A R R ) A R T R 5 R i A
W 2, W PR BEWE I/ a—y 5 25 18] 1 5 HEL IAE 119 FL
F < A5 oK, i 4 A BAT AN ] o 25 FE R R
L, A R R R AR S L B e R A
Y 0 T 1 e o A ) T A R Y e R T A
BRSNS 5 T A R AT AT o

12

wi“’l

ref
T, @ o

i | Loy | Jomin) | Loyl e e

T

Yy

>
5
\l

EISBRIUN I u u,

ke | < [ERR] <= (Ekilkes I‘WA;‘#'H
Nt
44{1 LTJ Tz%
K3 s il i
Fig.3  Control chart of the proposed method
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Tab.1  Voltage vector selection look-up table (query table 1)
LV, R (AT<0) am KAE(AT>0)
I Upy> Ugg > Uy > Ung il Uy, Usy, Uys, Usy
I Usy > Upg > Upy 5 Usg VI U5, Usy > Uy Uss
i Uy s Uz Uzp s Uy X Uy Uss > Uys s Usy
I\ Uz, Uy, Uzs, Upy X Uys s Usy 5 Ugs 5 Uyy
\ Uy, Uy, Uy, Uy, XI Ugs, Uy Ugy s Uyg
Vi Uy, Uz, Uy Usy XI Ugy > Uyg > Upy s Usg
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Tab.2  Voltage vector selection look-up table (query table 2)

v, W W X X X X

Jp 2L
K Usg Usg Usg Uy Uy Uy
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Fig.5 The projection of voltage vector of G, and G, group
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Fig.6  Steady-state performance of conventional MPTC method
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Tab.4  Comparison of torque ripple between MPTC and the

proposed method with different weighting factors
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