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Fault—tolerant multi—vector predictive current control for dual three—phase
permanent magnet motors

ZHOU Zhanqging, SU Meng
(School of Electrical Engineering, Tiangong University, Tianjin 300387, China)

Abstract: To fully utilize the remaining control freedom of harmonic subspace in dual three—phase permanent magnet syn-
chronous motors after open—circuit faults, and improve the steady—state performance of model predictive current
control algorithms, a fault—tolerant predictive current algorithm suitable for dual three—phase motors is proposed.
Firstly, by synthesizing virtual vectors in the fundamental and harmonic planes respectively, decoupling control
of the fundamental and harmonic planes is achieved. Secondly, by utilizing duty cycle modulation technology,
harmonic plane closed—loop control is realized, which can optimize the motor operating efficiency by driving the
motor to operate in maximum torque or minimum copper loss mode. Finally, aiming at the problems such as lim-
ited control freedom of fundamental current and poor steady—-state adjustment accuracy in finite set model predic-
tive control, the proposed control strategy effectively improves the steady—state performance of the motor and
ensures the excellent dynamic performance of the model predictive control through the multi-virtual vector output
mode. The experimental results indicate that, compared with the existing enhanced strategies, the proposed con-
trol strategy reduces the total harmonic distortion of the phase current by approximately 44.5% and 25.7% under
the minimum copper—loss mode and the maximum—-torque mode, respectively. In addition, the ¢ —axis current
fluctuation is reduced by about 31.7% and 28.0%, and the torque fluctuation is reduced by about 31.4% and
25.1% in the two operating modes, respectively, thereby effectively improving the post—fault operating quality of
the motor.

Key words: dual three—phase permanent magnet synchronous motors; model predictive current control; open—circuit fault;

virtual vectors; duty cycle modulation

Wim B H : 2024-03-18
EEWE : HEK ARPA LR H (52377066)
BIE1EE: A (1989— ), 5 HEZ, FEWF T [ LR S N HE RE 1R . E-mail ; zhouzhanqing@tiangong.edu.cn



—48 -

P N A N

45 4

B 5 B BEVRA Tl A PR R L BT A R A
DL L Bl R A A 3B B A Tl N T SR 28 L AL
1) 258 4% v SEPE DL K s TR R Sl 5t BE T
PR, XU A ARG ) 20 B LG A i 0 e ik 3 /s
L PO EIE N AR ) W A 4
U2 R, ARk AT PR AR 42 i) A
B N RE 1 OL 5 A5 4544 5 B A K Re g b PR
LM A RS S B2 N T A ALK B R G
Z s,

X = 7 B ) A1 FE ML IR Bl 28 G 75 I s il 9 22
FE TG, I H R % 8 H B AR 2R 4 H 2 4
BB, BRILZ AN, £ R R AR AN 2 [
FAZCRAFE W 255 o DR, SR FRASE IR S0 42 1 A XL
ALK ) RGAEE R R AR Z M (H R TR
I FR AT S B, SRyt AL LIS T TR RE
2B X TN A ] 22 AR R SR v B
FREOEHTZ L4 DRI TRCR 18 55— R 5 S )
REEE T AR ARG A0, XA B AR TR TR
kPR RS ) A e 2 BRI A A S I
JE i 0 0 M AR AR A AR AR A Bl o5 s Lol
o 22 % s X, A R TR B B T T
PLA RS S P RS -2 (H R AR AR Jo b S — il
WS- T FF R ), ok R il ARGtk N i ok
A, DRI R0 =l A LSS PR 3000 B 4 P e
it — Tt

X AR AL R, R ok . M EE
FEEE BT, 3R Sl A AR T, SCHER 1310 d5e /)N
P sl e KA A A R O A B AR Sl A AR A AR A
T, PRAIE T BUBLIT B B 5 A8 15 250% 5 SCRk[14 181
WL DL AR Ik s e/ IMb S 5 R R AR Ry
bR, SRR T B S5 ; SRS [TEA I A 2
BLAHRAT T R AR RS R A B T L T
ST S KA o SR, LR AR T IR S
15 BE T TN PR, 1% 8 DTSR T 24
TE LA 2 F AL 2R G 1 il T SR 1S, AR A 400 o
AAERIEOUT , SCERIT TR T —F e /N4 1l 2 E A4
FA) A T L DA 9 A T VU O T R UL K
SEBLT IR IT T PR PR ] A AR T TR = A FLATL
TR AT T MRS MERE 5 SCHR[18 14 H — il il #z
F14) 2 TN P 0 9, 30 e A T R R R AR A | R
FAEE T R BEIN H A ST T B4 B4R i, IR R AU
T AR A T e T A 1 5% 5 L s 385 RS A 0
SEEL T I S U R R A R R . BT XL
A= FF B I H R R i AR T A R 4% AR

FE A AR A4 ) BT, SCRR[1918 Hh 1 — b ) 4218 1E
R B ITE, ST UL R B R e R AL, 7R AR IE
o A PERE 14 [R) I, Jc R BE b P T 1 30 g 1) H P
HHAEST

AR SCLL AR T B SORET B0 00— H AL BE RS
G BRI AR GE AR PTIN FL A Hh AE E FAR 2SR
JE22 IV i AT A P ] S B A 2 A D, S T —
Tof R A 7K P I 7 1 2 S LM e, 97 92 ol SR
5, HESIFEEAL OB AR LT B T A A
B, I RE AU F e O S E R T A A2 O e L Ak 1) A
FEARIEAL R AR PR RE 09 [F] B e R AR BE b9/ 17 3 A
o 14 Y E R BE 5 Al i 22 Ok i AR, 4R T
TP R AR BT R T R LA AT KGR
i, B R AN R BOF A3 U R
i, SCBL TR A A P IR R, DUAE T LB TTRCR

1 W=fEREYHFEE

X =K 7 B[R] 21 ML IR Bl 28 6 P 7S 4 30 A8 43t
i, 2 B s bR AR 301 = AHZE i Ak,
mE 1 s, Bl 1 Uy Rom BB RS, S,
IR . R IGBT AT IR, FEL
“VFRIHIIRE, 07 R LWk, Hp i = (AL B,
C,U,V,W),

A s, Sey Se, B_A Suy Sv, Swp
1 1 1 /’\ 1 1 1
. A % U
I/_‘w B @ A

R
RS
J, HE W
-‘\“EE St Sva Swi
{ X } ¢ } ]

E1 WN=1ABIRz RS
Fig.1 Diagram of dual three—phase motor drive system
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Tab.1 Reference value of harmonic current under different

operating modes
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Fig.8 Waveform of speed—step dynamic experiment
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