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Robust Model Predictive Stator Flux Control for Permanent Magnet
Synchronous Motors Based on Improved Multi Vector Selection
HE Jing', LI Zong-yu', WU Gong-ping”*

(1. College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou 412007, China;
2. College of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410114, China)

[ Abstract] To solve the problem of large steady-state error and poor parameter robustness of MPFC system predicted by traditional
model of PMSM ( permanent magnet synchronous motor) , a multi-voltage vector selection method based on stator flux prediction error
vector analysis was proposed. Firstly, the multi-voltage vector selection criteria for determining the region where the flux error vector is
located were established by dividing the sectors according to the axis in the two-phase stationary coordinate system. Then, the predicted
value of stator flux and the value function of stator flux in two-phase stationary coordinate system were used to calculate the action time
of each voltage vector. In addition, a discrete sliding mode stator flux observer considering the mismatch of resistance and inductance
parameters was designed, which further improves the parameter robustness of the system. Finally, the effectiveness and feasibility of
the proposed predictive stator flux control method are verified by simulation and experiments. The proposed method still has good
steady-state performance under the condition of system parameter mismatch, and significantly reduces the stator flux and
electromagnetic torque ripple.

[ Keywords] permanent magnet synchronous motor; model predictive flux control; multi-voltage vector; parameter robustness

K #% [7) 25 B #L ( permanent magnet synchronous (model predictive control, MPC) BYHF 5% 52 2| 4h 2%
motor, PMSM) FEAS i R0% R Do B D R sl i B oG T2 A8 AR 0 s o SR W T 43 Sy
KRS TERTRE IRV MR AL B R A — RSB A 4, o) — SR A IR
REPRATZNH, MR RSG AR BAHIAEH] (finite control set model predictive
Ui B AR e A& B W R, A S R R ) 4 control , FCS-MPC)

Kim B 2024-04-08; &iTHHA: 2024-11-06
E2WH. HE AR ¥IESE (62173137, 62403077, 62303178 ) ; Ml M & # & T B4 W52 W H (23A0426) ; M B & 1 F H 4FE 3 4
(2024]74001) ; WIFG A 1 ARBI2FFE 4 (2024177139 3 R Toll K28R 28 AR BT BIH 5 H (CX2310)
E—1EE . [MH1971—) , Lo, DUK, WK T 2, WE9E T 1 SORAG I 592 W PRl . E-mail: hejing@ 263. net,,
“EEEE ROAF(1992—) 3 BUK TR B A R, WS ) AR IR R L RE R E-mail ; gongping_wu@ hnu. edu. ¢n,

¥ F5 M HE - www. stae. com. cn



2025,25(2)

i, 25 BT O 20 R B R 1 A K G () 20 PR 65 A R T30 1 i e 42 ) 611

IR i 00 #0545 1) ( model predictive flux con-
trol, MPFC) J& T FCS-MPC J7 ¥ v i —Ffdas il 7 1
K8 T LSRR (ELAE ol B 5 L A R b DARH
e AR 548 MPRC HAT FCS-MPC i [F]HY
R, RIGSAE TR 5 ShaSma i A0S, SR, T2
WA AR 2, H BILIS A7 3 78 b AL TEAS )R
JEMEE 2 FEORRH | H RSB N [R] 22 £k, A Ak SR HI
PUPRPRIEIEA T4 0, 2 3 ™ H i iR 22, R, 1%
4¢ FCS-MPC J7ER S BN HRR , SEE I
ZU7 o TRV A4 R (S 2 Fh 2 B T 25 5
BEmMARGRASASRZE I LURE S TT OG5 St n T 28
TR X TR AR AR T

W FAESE FCS-MPC RGNS BN 72
SEHEX AT TSN SCER[ 10 4R T T
TR 22 MR Y 7 15 | TR 42 ] JT 300 P 0 SRR 4
RTINS, F R R T RESE BT,
SCER[ 11 42 8 7 —Fh RS Tent WS HT ¢ 5345 722 53
RIS RO R, SR IR B BB o) T 929
(ERSRAERGBE 2R R . SCRR[12-13 ] 5IA T T X
TP e L e Ot S e 494 o e 00 P, s O k1) O 9 PR AT
P, P % 22 R AR R i S K Bl O 3o i SRR
HESHOT MIATARAME . SCIR[ 14 ] 42 1 — b ik
T I g 4 A LI #5045 i Rk T R LA
TRATHCIN et U A5 o] v 52 B S BURBC L KA A A 40
S AR, SCHR [ 15 ] B3t 1 7RG A g i i 5
WRIN 5 BB S L0 5 g | ol D0 A8 Y e A
LS BB S LS B Z RO R 7 — B 2 T
RGERAR, SCHR[ 14-15 | N FE ES B 3l K i
FI8) £ X W S 0 AT B T, SR T TG R X S T G B
AT SR

T R GRS PERE, SCHR[ 16 ] $& AT A2 20
AL TN J7 1%, Al D 52 3% ok v s Ok £ A T I
[ ARG R o oz JDk 2l (L X 425 1 A9 30 SR s
SCHRL 17 )70 T R P390 708 g i Y ) F T % ) 2 6
A X K A B DX R A L R R i R R 2
GRS NN D D BT R I S R G €
TR ERE, ARG THR AN B, SCH
(18 JHR M 1 — o B = O H AS TR T30 v 37 42 i) 3K
W, B0 — B I O B 7 A= 1 H U 1R 2 TE 4R 50 — i
PO HEn 2R O B i U R R AL TR
b e, SCHRL 19 ] 4t 7 otk 28 = O e A 1 78 0 7
BP0k | W 43 BT WG B RN R 0 2516 S HORIE
AR B, T RGO U< & (B s T &
Gt SCIR[17-19 | BRI 2R B i 5 58,
AR RR B2 i /b 1 47 il i 17 F) et A5 R 2, AR T S
Ot e 7 2 TR AT AR AR R

3R AT T 2 T A% G A PR A A AR AR o Ul
T e 4 ) v P 45 T TR (] R R o] 1 R AL N 2 i
SR A, HMELLGE N S ECR LA R T oL, 2
B IT 22 0 i A1 BE R T 0 M RS g 1 ok
eyt bt N =R [N B e R A - SO L L
TERR VLN HH A 7 R % 190 S s (L, % o5 U0 000 A5 88, 75
BETTFH T LU0 22 - R B 1) L0 2%, i 4 6 S 1
T UL 25 P 153 ) i LR 5

RIIL, B — 3t il 2 0 B PR Y i
MPFC J73%, 81 5 FRESE A0 TIN5 22 55 3 T 7 X
B, 2 22 M R Okt BE B AR 1, O St 7 Ak ) 4
R A N R sl A RS IRE K
WIS, [RIAsE, 1 — A — b E T WA T O AR
S T B H B RS EOR B O R G T
W22 [m] 0, $2E T+ RS SR a bk
1 PMSM 1% %t #% BY T i 2 3%

Fik

1.1 PMSM #ZF1&5

ASCHFSE LRI PMSM 45 20 R0 S 56 % 4
AT AL R AT IR I AL U FE , PMSM 78 P A1
Tk Ak bR 2 T R E TR R

. dl/jsl
Uy = Rslsd + dl( - wed’sq

()

diy
— p; sq
usq - Rsl’sq + dt + wewsd

()W uy, Mo, ETHRIELE d.q #1_ER735
iy Mi, NRETRIRTE d g Fh LI s ¢, My, ol
ETRERETER d g B B orae s L, B L, A5E T H
JBAE d g Bl Ei5r i ROSE TR o, HEE T
HUFEIE 5 o KB ARG

Horh S 7 RHE 5 5 1 LR 2 1A

{‘psd = Ld%sd + (2)
l,bbq = qusq

SN S )

T= Snpi, (3)

5(3) s n, JHLBUBOEL,
LG5 PMSM FEFIHIH LS I8 R T Mo
R

u, =iR, +% (4)
g, =Li +4, (5)

A R AL, 5050 5E BB AN E T RURYEL; e,
i, 3500 TR R B ME TR KRR o, Ml
W, 3N E T REBES AN T RERE R i

¥ F5 M HE - www. stae. com. cn



B R 5 TR

612

Science Technology and Engineering

2025,25(2)

1.2 REETHESEETE SR T8 5EE
# (MPFC)

458 5 I TN 5 - A 11O 38 A — B BRI
AR (1) BEUE, T % IR IR R A MEIRAT TR
B (k+2)T, %] d g #F 0E FREEE(E N

‘//sd<k + 2) = lpsd(k + 1) + Ts[usr](k + 1) -
Ri (k+1) +oip, (k+1)]
b, (k+2) = (k+1) +T[u, (k+1) -
Ri,(k+1) -—wp,(k+1)]
(6)
H(6) s w, (kb +1) u, (k+1) ABEINT LT, 4215 &
B ERRAE d g B B R/ % iR K T C AR
— PRS0, (k +1) iy, (k +1) R kT, DR
FERLTRTE d g T s TONME; T il .

K (6)H (b + 1) T, 22 Aty R 38 1900003 R
smith T & O RH5, BD
. R._\.
(k1) = (1= Jih) -

d

L . T,
L*ZTswe(k)LM,(k) +fdusd(k)

. R._\.
L¢k+n=(1_hnﬁxm— (7)
Lzl .
LT, (i) -
2

TS
LT ()t ()

FREE A 8 TG sE o290 i B, v LIS 20
FHERETE dg WS %0, 5D

ref _ Pl — iy (k+1)

Uy = -

o, (k+1)

+Ri (k+1) -

f (8)
ult = Vo —¥,(k+ 1) _l//;i(k +1) +Ri, (k+1) +
o, (k+1)
2 (8) .
lﬂsd(k-’-l) :L[iis{i(k+1) +¢i' (9)

b, (k+1) =Li, (k+1)

Kby oy 5300 E TRERE S HHAE d.q B 1
o,

ROEMRAE(8) 15t 2% i k| # E = AR
T ARG 7 A T R IR A LASR IR Pt L TR R
TR SRSl L

(7)) A () FIA ARG TR RS
T (RLR 1B 45 HE T O 0 14 A 2R I e 42 o O 12 L
AR S BB . 24 i BL & A 28 UR B,

AR Mk www

(7)) T EEHL dg B (k + 1) T, B 20 A4 B 37 %) e, JE%
SRR | ) P AR RO R 22, TR =X (8) i
T dg WE T REBEZ TR R 2ZZ AR T
FL R L O S S S (L

hr T bR R S sh s ok i B L 2R G Ok R
[l A 3R TR LR SR BE , BRI R S ds il 2 7= B Y
BB WIS N AR 8, T SRR N E
-0l e M 7 1 25 A M T AR B, LR A BT o - R e T
D52 25 Ok i VR TR Ok i T FE S [ B I R R $2
ST Mk £ W TR A R O ek
2 PMSM it Z XEEFENEEM

g s 422 1 7 ik
2.1 ETFEFHEMMRERESTHNSEEX

EEEAFER

M TR R 58 32 B S 5030 o0 52 i i &) 1 i T
MRZE N T A2 38 F 1 Bl 70 152 22 (B 8 4 O i —
e BT, EL R UK T 2 WA 1) 22 - 1 B ]
A

Y (k+1) = (k) +Tu (k) (10)

545 MPFC A [, 4% SCAF5E R = A0 P HL -
WAREE IR, W 1 PR R E R R AR 2R Y
7T RS R R ERAK(10) , R4 24
TO g I B DL R i) 2 SEBRazs AT H 3 Y e IR H
% KA (10) kB IR (11), 7255 HAE— A6
HH PR 7= A 1 R T R e T R 2 Ok i, B

Ay, = - (k+1) =u(k+1)T, (11)
(1), g hE TR S,

(1) ATAD, B FRERE PR 22 K5 Ag, 5
gt R R 2R e, 7 TR — T ) b R /N B R P Sk
Z, FHUILRTAL, &0 X 8 F wE B R 22 2% A AN,
PR IS (R RETR 25 R i T AE 25 R B E . ¥ A,
FEPI AR IR AR R IR B

A, = real (Agp,) + j[imag(A¢) ] (12)
F(12) H:veal Ky A, SEHS ;imag N A, HEHS 7 K

W30 (12) ' A, I BTN SRR AHBR , 15 215 22
R PR AR AR ARPR Ay

imag(Ad,)

A s = real(Agr) (13)

FEF X (12) A H T W7 - 1 B 0 R 2% %
A AL E M AR (13) il 22 f R % 1Y i
PEARUE, HiE R B E R ETR B BRI LT R, K
Xif i X HEA TR, DLARAR ) 6 MR R R B2
[ ORA= L S U5 AN 2 Bu g SR L
i R A L 300K 40 R 6 AR IX T ARl

. stae. com. cn



2025,25(2)

i, 25 BT O 20 R B R 1 A K G () 20 PR 65 A R T30 1 i e 42 ) 613

Vo ~ Vy 9 = AR 39078 s

1SR R R
Fig. 1 Selection of the first voltage vector
2SI A I AR R e A 23 O 2 AR TR e
— A DA AR )k R [ I ) 52 AR X B X
AR ORI AL 1 H SO0 20 B 4% o4 114 il <2
o, i 2 frs, i (13) TR R E TG EE
PRI 22 I R 3R, ] W i o 22 O T A 1) B
XY, s 1 .

EE RSN AR (23 4 B3 U RO R 7S VA= 9= R =0 pIVA: |
FERJEREARR], s X1 R X 4, 8 TH#E— X
SR BN T I T R 2 K SEER AE B
B, e 2 PRl B, Bl SRR — R Al
HRRR V, .

Ve S — M ER RS , Lh A, T AE Y B X ]
— AR TR R O S A R T R i
AN LB IT I FE , 2 — i e Ok 1 ) HAR B 67
AT LAPE 3 78 2 - Bl e 000 R 2 AR 0 B
0,24 A, AR R ] Ay, KTV, FT7Ef
BRI SR T R v, BV, AR SR

x1 HBEXNSBERR

Table 1 Axis division voltage vector sector

LHESS FRIX AP rad

A 1.4 “U/BSAY, L <1/
IANA 2.5 /B S A, g <+ 0
ANA 3.6 - S Ap g <-1/43

R2 FREXEIERE

Table 2 First voltage vector selection

real (Ayr,) >0 <0

Vot 1.2.6 345

1I

K2 SRR RS
Fig. 2 Selection of the second voltage vector
TR, W, RN T v, R AT
R I7 0 7 v, RN EE R R R R, W —
FEFRIERE YV, S O R R R O i 0
MARH
imag(V,)

v, 15A¢-$'d2
n+ S_grag ‘1
V.o - real(V,) (14)

opt2 . <V )
imagi Vv,
Vn—l ’ Alpu;rad < I‘eal< Vn )

R (14) 1 n W RS BT B X 4,2 n +
1560,V , =V, ;2Mn-1<IB,V , =V,

TERARLRE R JE T P, SR By v e 1 3 i
SRAR AT VI, S0 T G A 25 2R T 1 o B A
b TR 22 55 D S0 B e i T 2%

K SCHR Y PMSM B0 2 v, JE 26 BT R
AR T R TR 5 2 2 ik 1) R/ IN R 1) 412 T
SE LR AL R e bmolis, 32T T R G PR
2.2 BEXESERARETERE

2.1 i A R 2 H T S B PR s A )
R HL PR I, A S AT AL R A R R A
A AR 2 R S R I R

K TARBNE — A R % B 1 R R
B BT I PR, SR WIAR 0 1 AR bR R R E
O e T 58 2 1 {1 B, B

C=ly - (h+ D)+ |y -k +1)

(15)
R (15) 1 € Ry FREHE U5 25 M (8 PR A o
o HE T RS B Y BIAE « B i F A
o (k+1) Ry (k+1) K (k+1)T, B%15E T
BER 43 BIFE o B 940t

¥ Mk . www. stae. com. cn



B R 5 TR

614 Science Technology and Engineering 2025,25(2)
peaxis N (3) 45430 (18) M=l (20) w545 2 4% 1 1K
#£4EMPECHi Bpk st
. B v ISt T PN
L C,C,T,
o ', +C,C,+ClC,
AW P&
Nt S e . carn (21)
XN \ > C,+ 0, +CC,
NV
v, LV, \"‘/// q;$k+\\ V, e ty, = Ts -t -1,
WVv) R 2 HL R R B 5 0R S A G Rk B

ViV, Vs BV, AT R R B o N E TREEER B S H
Ay, NE TREGETINTR 2208, ; o, (B + 1) I F—AJAWE T
WERE R TN 5 T, V5 MRS MPFC S R =it ¢, Vs 1, V,
Hl 1y (Vo/Vy) 43500 04 MPFC fF H 2% B M 5 a-axis Al
B-axis FR7n PIAHEE 1E AL brdh
K3 (gt e ts 548 2 0 Bt 7 IR 25X 1L
Fig. 3  Comparison of errors between traditional single

vector and multi vector output methods

1 T2 RS SR A MR T, PR 1 (B R S
C= 1y -, (k+2)" +
oy - Pk +2) [ (16)

K (16) T g (k+2) Al (k+2) K (k+2)T, 0
Z\5E FRERE TN 53 5I7E o B b LAY 50 5

Wi JE VR B )R AT 158, o TR A L
SR R PR BT 55 AR A RS (E I L 7 R A
FH 1] 55 7 - 55 (1 R B0 2 e Rl

t. = — (17)

K7)HFem A—AIEFEL

FFRO7) , A5 BT B A R R B
FHmF ], BB BRAT

(1) B — 5 e R 2k it i b BF D 2, 2,
SERRANE] ¢ ZHCH T Bty + 1, +1, = T, o &
T (17) s R A PR ] B33 2, 45 W R
SEFEE R R A

m
tI:?
1
tzzcﬂ (18)
2
m
Ly :Ci

K(8)H: C,.C, .C) HIATFIES — LR
15 DL S L R R B (E R R

(2) ¥ (18) Hr i A F I E] 3647 05— Ak, 33F
M m A,

1 1 1 \m

LI L | 19
(cﬁcz*co)n (19)
- C,C,C,T. (20)

~C,.C, +CC, +C,C,

R 2 X LR AN E 3 FFR £ 45 MPFC R i #
O Oy 30O AT SRE G I R TR G 00 B Bk
Bl HE 2 K IR A O R R AR R A
e T FREBEMI N, S A EEmiR2E, MikT
TG AT BRAE B B 2 R T T RS
PEfE
2.3 EESHAMMNE BUSEE F 15 W =25
it
it R TF RGNS S ENE, K (1) ik
HR d.q W bR R T B8 TRESEIRAS 7 AR, 1D

d| ¥, ay ay ([P, Uy Chi
z i MR I 2
(22)

X22) Wi ay =ay =-R/Lia, =~ay = 0,56, =
R/L;p, = L, AR ERE s o, = Li, WA
AR R RERE; R, LAy, AM3105E TR 5 T
LRI T P B B RO B R

TEHIERGUE T LB € T HUESHOR B O
L BRI g, B

I MR

q

[ }w +u,, (23)
0

ﬁ(23) Hrs &11 = &22 = _i{/i‘aen = }}/i‘;&d \LZ’q gl
S S A RERE I E 5 R, AL 4330 5 T
BH E T HUBHY SR ; w,,, AT AL i

L e = H: [Z _Z‘Jﬁiﬁﬁﬁ,iﬁﬁﬁ

il A2 1Ny

k, 0 ][ sgn(e,)
u,, = Ksgn(e) |:O kz:H:sgn(ez):| (24)
A (24) s by ky AR BB K ONEE 4 R BUHE
e, ey 73510y H Al F AR B 1) RS R 2508 5 sgn
A R
2P TR R LE T HBE  E 7 HR S BRI
AR A Ay

¥ Mk . www. stae. com. cn



2025,25(2) ure, 55 T Bl 22 0% B R 04 7 W [R] 20 F DL PR A TR 00 o - e 4 1 615
R. =R -R , V<0 FmMKER: by = hy by =h, o B
L_Lli (35) S by b, A (B, < Ny, | < N, o B

(25) s R, LAY TR G T M S
1%%0
ﬁﬁ%MFMmﬁﬁﬂmﬁ

SNEES

2 (26) .
e R(_R%Ri—&L
Ay = Ayp =— - ~ = -
L L) L(L-1L)
. _ B (27)
— R R R.L -RL
Ch T T T
L p  (L-1)
PRI AR (23) 5 oK

iy I Lo e L o
u_ +h (28)

smo

B R (27) 1 (23) PE2E1R 2

rL I I L

#X(29) 4. ay =ay =-R/'L,a, =-ay =00, ,
X R G TARE M S B, £ HL Lyapunov pRZLAN

FHk, =N, = |h, |k, =N = | JUV<O, BT
BT AT BOULIN A5 T RS E
B K =X (28 ) 5 BT ) R B WO 20N
Vd(k + 1)}_ |:a” alz}[%(k)} |:ud}
=\, , + T, +
$q(k +1) Ay Ay l]/q(k) u,

sl oo

k,sgn(e,)
RGO 0l = ap = (127 )sa, =

BT A AU 0 g U8 11 2 el
By Ck+ 1) M, (b + 1) FFE5EC M TR IEARTE
SRR 10 T L A B 5 T A B T, R
H T T G 22 Ok A I 4 TN e A R
TR 4 iR 25 B TIR AR SCER M I MPRC 5 i
BRI AR ATR

(1) SR (31) 1Y B BIOE - W 3 AU 25 UL
IR —AN 4 R 0 - e B, T TR 1
HETIIN R 22 K BE{E

(2) P (13) FIWE TREHE IR 22 % 1 T e B
DX, IR R 1 IR 2 i 5 i F R 8 1R e 5
— I R AR JE 3 2 (14) 7 55 —
Fek s, TR ARTEZ(21) P8R A8 0 P 45 fp ik
ERLNTS  {OPIEINITS S {iUESE=ding 8

) RIER2) IHEEE] 1, 1, M1, J7, HEARE
YA g TR OCTE IX HL R Y 25 1F T Bt 53 s ik
PRy e (R I

a?’l = we(k)T% o

VY Y

/ : S,
N Lo | BkEEEE :’ ‘ @ }
W (k+1)

T.V = je"‘e IR ok S B
V=e'e <- le, |(ky —h,) = |e,|(ky —h,)
(30)
o LA 2y Y
l[/\rcf(k) g ------ _ Vpu opt2
MTPA Y

() LiViS eri 2

BB AE Tk
WL 2%

Lu (k)

dq

o /
dr

A

&

o)

=<

%2}
Q/

o B RS E I o, NHEHLH A B PLIERI ST TR RIS T (k) SRS 5 {H
et (A) A SE T REERR S (8 MTPA SR di K o I LUV H AR 5 o MR T 40 T REBE AR AL ARIE 3L
v E FREEE RSN 0, BT 0, 4, i, S A TR S, S, AN, S IR S = AR AR R 1 B F S

dg-abe AR R ARIRAELTR 5 §
Voo BV o 5350 55—

i (k) NEFHRIRKE; u, (k) AEFHER; ¢, (k+ 1) KT A8 E 7RG i B ;
B TR R R R R, N —

R AL S A P s i)

K4 Tkt 2 0 P 9 B 1 MPRC HE ]

Fig. 4 Diagram of a robust MPFC for improved multi vector selection

¥ Mk . www. stae. com. cn



B AR
616

CHERE

Science Technology and Engineering

2025,25(2)

3 HESXE

3.1 {AEWIE

R UE 3R O %A S A e] AT, R
MATLAB/Simulink ¥} %4t MPFC FIA SCHE H MPFC
BT T XTHARES . 48 MPFC F4E: ) MPFC J7 1 7E
PEARYEIRA i, = 0 Bl SRmg , 5% # 28 PT 28
k, =0.05k =1, M &%k =10,k =10, &K
FERGERFEN N 10 kHz, #5518 100 ws, AT
KBRS EANE 3 iR,

i &5 MPFC 77 ¥ FIEE Y MPFC 75 8243 3 ik
FIE® RS T ol g5 Jak, (B bl 3k
2 N-mJF 45 71 000 r/min T Fiafr, HHL
B 3R 28 5o — BORR o] s ) i U S R B 3 4 E (B, XS B
K5 (a) FIE 5 (b) ATHL A2 48 MPFC H HE AL HL G e
R R v 7 ik I 388K, % i) 7 161 598 4 7
BE(EAIIR 2 £0.05 WB, HL GG 40 0 1 [ 28 45
EHAIRZEHR 0.5 N-m, # 1 MPFC 7 240 L AZ 48
D5 058 T WG B ok sl /N IE I T 4 MPRC 7 7%
AR, IR, A B s S A~z 17 A
$ﬁ%mﬁﬁLﬁm£@$H T
MPFC J57% 5 F Ui 1 B0 1 2% L (total harmonic
distortion, THD ) & 6.49% , #1 kb 2 &, A SC#
MPFC J5 55 TR THD N 1. 73% , FL IR T
JIT & = Ay i A

R 12X A TR 48 MPFC R4k i MPFC
AR IR IESR ) MPFC 7B LS BRI T
BT S ECEFPE AR SO T AL B SE 5 T
S ECR RSO T, BT B4 0.0 s BE 45
%@500 r/mln,'ﬁz\lﬁ 4.7 N-m,izf7H}E] 1 s,{]‘iE

g 6 K 7 iR, FEHRIESHREEL T,
BEBEAG R0 s B4 E #4558 500 v/min, 712

4.7 Nem, B8 FTHFE] 1 s, D5 FL L5 RANE 8 FE 9
R,
6 (a) i T LRI TOL T, SR S

O R 4 ) VA I R BLE R R R R E - A
TR EAER B 6(b) Mg TAHFE TAT , $2 i
ARSI e e 4 o o e (0 L R . P i ik
#3 PMSM &#
Table 3 Parameters of PMSM

28 Huf 280 Bt
HERLE U/V 380 WER B n/(romin ") 1 500
HE FLE 1/ A 2.7 BERM T,/(Nem) 5
EFHBILR/Q 3. 678 FREN L8/ Wh 0. 803

B L,/mH 119.62 W XH L p 2
& L, /mH 119, 62 R J/em® 1.148

T

o o
K o0
S W

) R TRk WB

~
~

=
o Wn

ARHESVA R/ (N-m

'o'o'o't't'&'c'o'o'o'o' VIV 't't'c'c'o'o'o'o'o'o'

B‘J’l‘j/(SO ms-div?)

. (a) #e5EMPFC
N

B

= 4 M\N\'NMMN

BTH/(SO ms-div?)
(b) $&HMPFC
TR RAE I HAREL, B AR ¥R 5 45
I 1) 220 BE 1L, B A B4 50 ms
K5 2 N-m ARSI NMiEEIEE
Fig. 5 Simulation result of improved MPFC
method with load 2 N-m

%EWM& . .
£ S

Ko  H B ZHUR AL 00 T FURE e FIE T R IR B X L
Fig. 6 Simulation results of electromagnetic torque and stator

current under resistance parameters mismatch

ML www. stae. com. cn



i, 25 BT O 20 R B R 1 A K G () 20 PR 65 A R T30 1 i e 42 ) 617

2025,25(2)
20F
ost 7. 7,
15F
S 0.6 g/aref g//;ref/"
o 1.0 0.54 0.55 0.56 0.57
E
0.5
5
= 0
S
-0.5
-1.0t L L L |
0 0.2 0.4 0.6 0.8 1.0
I [l /s
(a) fe4EMPFC
2 -
0.8 ¥ 7N %
/ \ #
A \
§ 0.6/ et ) 7
=~ 1+ <
b= 0.54 0.55 0.56 0.57
2
=
#q 0
&
3
-1k . A A .
0 0.2 0.4 0.6 0.8 1.0
I [l /s
(b) #&HMPFC

Bl 7 WS BUREL LT & T HEHEEIEXT L
Fig. 7 Simulation results of stator flux under

resistance parameters mismatch

: ‘0""""‘?"‘0"‘0"‘9‘0"‘?‘"‘ M

K8 HURSHERIE TO0 T BB A RUE F RO X L
Fig. 8 Simulation results of electromagnetic torque and

stator current under inductance parameters mismatch

I 0 R R R IO 5 4 R (LG W 8 i 22 , L e
TR UM 47 1) 7 ok %) P T T REL I s 5K TRl ek S

FHL R S I R

K7 (a) 45 THBHAE TR, R AL G iRl
TN B4R T T VR I B Bl T B e 10 )
g B 7 (b) WL H T ARIE T 00T, 45 AR 75 i
EBEAR ) T R (7 L 25 5 | A% 250 A T8 Y000 0 4 2% i
T o-B il Bt e 10 s 22 Y5 LA £ 0,05 WB, i
i HP A TR R e A T T ) B R B M 7 A 25
JLHIA £0.02 WB, B & T W4 i 107 34 i IR 5 45
FEfH

P AT T A )45 B 5 1R, 1% e 5 280 )
R 3 R AR SO 1R ) e 4 S O 9 2 FLBEL
SHUR BRI

K8 (a) 4 THUBRR T T, R HME G i Al
TN o e 4 1) i A ERL AL R 2 RN = AR E T
WA EZE R, E 8 (b) Mg THIR T, 3
IR P 0 s o O T WO LA L A% G T T
N ot s ) P L T T ) 7 (L5 4 5 (L 349+ B
T E SR A L SEN ) Ky N i L B e A o |
AR

9(a) 4 T HUBAEE T T, R HME G iRl
T A T 0 e B e FRERE RO B R
B 9(b) 25 THHFE TOLF , B AR TR S0l o 4% 42 ol
Ik B BAs R, AL Go R A T % 4 i 7 ik 1
o3 SR A I I A 1 BRAS B DU 9% 957 5 T 5 R B 48 1
{HL, B H AR 00 0 45 1) 7 v Y B Tl 0 % i
E N BE TR PR ER 45 (B, Hh AT, ZE AR R i2 47 T
U, FLIBRS R T A% 29 455 8 Pt ) e 4% ) 2 g
SEMARE A, HE A 0 0 s % 4 o) il 7 8 408
BRgkEE, R EMmE, =S T R2AENE
Bk

g5 Lk, B B S 0 e X AL 58 MPRC FEE
MPFC J5 ik S PERE R W /N, LIRS B il X
58 MPFC 5%, I FL ™ A 3 R 1) 700 A1) 7
P2z, AHHZ T, ASCER IR A MPFC & T |, fE
PRUE R G RRREIZ AT, HL A RS RN B8 Wk sh 1K
3.2 SKIGIEIE

RHEHEAL 45 MPFC Fl4E H MPFC J7 ik, #5881
PMSM FEFSEIF-6 0 Wil 10 Fis , SEge s & 6l &
R 2L R A% PC AL AR A
DL , WGPl RE S S R3 S
BB, ol A S W25 RBE S simulink {5
HBHR 2
3.2.1 EFAKAASHEAN X

PEHCE ML 1 000 t/min, HEMEL 2 Nom £
BB ATH TR AT S8 B 11 (a) A H T IE
WM T , RIMESE MPRC 18 T REHE | FRESS HE AN

ML www. stae. com. cn



B A 5T R

618 Science Technology and Engineering 2025,25(2)
10 RIGOL 5707 H 200ms | i35 R D s Ti@ 3tomv
i '3 K F N 1T
¢ v i (0,24 WB/div) v
08 N f ! gﬂl Wr:-\‘@whwmwm-nmwmwmwm*g 17
et e i
g 0.6 @ ’ 7[5 (N-m)/div] e
@ 1 '” b | 0.54 055 0.56 0.57 :}E- MAWAMMW.WMW :
‘la ‘ d A A A AR 1A AN AT A0 AR A A0 AR AR : j 23 i(0.625 A/div) i
E ‘e ( i J l [} S ;
z | shAAARAAAN NS
woeeria | | f \ f ‘ ‘ f | i
& oV \ Cy L
s VYNV VVIE
W W wWwWwWwWwWWWNWNWNWNWWN N N ERE ) .\N/ “‘”“ ‘J \ t Mf ‘»‘{ ! “HEEBE
-1 I 1 1 1 g % \ h J ”« .W Fw\ 56
0 02 0.4 0.6 0.8 1.0 AHE
/s DR . ST R <~
- (a) FeHEMPEC (a) H4EMPFC
RIGOL H 200ms | Shonme o D 457.200000ms TF@ 200mv
= (024 WB/div) 4
m L | e
5 0 - X
g ;[;ﬂ_ - 7[5 (N-m)/div]
£ il 1(0.625 A/div) EiL17ED |2
% o - —
% T&ﬂ\
—l= THTENREE
It %
-1t 1 1 1 1 Pj eSS
0 02 04 06 08 1.0 u P
B A)/s AN
(b) #EHMPFC 4 = 250mv /2 = s00v 4 e

Ko MRS EUREC TN E TREEEBOERS L
Fig. 9  Simulation results of electromagnetic stator flux

under inductance parameters mismatch

K10 SckFf
Fig. 10  Experiment platform

SAHEFAY ISR, B 11 (b) A T AE T
T, 8 MPFC Jiik i Se s a5 i, 448 MPFC h &
Gi5E TRESEDShICIH N £0. 06 WB, FHL RS 55 4 -1
H IS4 EE B SVEE R £0.8 N-m, M4 SCHE
th MPFC ' R 48 @ F w4k I shiu Bl £0.01 WB,
P B L Ve W R SR 2 2 (L 3 £0.3 Nemy,
SIGAE R A IR T 00 T 1 S 7 000 o 4 42 ol
D715 0 X8 - 1 e 0 R Rk Sl R G A G R
PR, R R T R T A A UER T

(b) $&HMPFC

K11 SHOER TO0F SERE
Fig. 11  Experimental result under Normal parameters condition
ARSCTTIE R AT
238 b b4 ) B3k ) 3 R ) R 4
114 2 9 R 0 A ) Dk 9 T AR R A X
g ta il Jr ik me s>, e 4 B
®4 EHERTEEX L

Table 4 Comparison of computation

il i f£%: MPFC ASCHE H 1) MPFC
R BRI ] 1/ s 51 49

3.2.2 W RARH KBS p PR K

FH T R BE 2 5502 T 6 7 b 4 i T PR RE Y 52
Mo A8E /)N, AR SCAIRGY A B0 A 4 i vk e L RS 8L
RBC T 32 17 880 317 X b, I )8 4 22 5 il
500 r/min, 1 %4k 4.7 N-m BWEXS TNz 17,
B 12(a) 450 THBESECRBL TOUN , & 5158 7
WA 4 1 9 -8 Tl S - M M 1 R BALR S F R
SEERAEIRPIE , B 12(b) 4y AR AT, $2 AR
TR0 R 4 T 1) B 00 —F R % e [0 R R AH 2
HLRSEIR 25 R IE . S 28 SRR | 7 i RS Rk
B A5 58 MPFC 119 5 ~F B 4 i) o7 30 T HF B — o
FEmTAR , [A] B E F R IR SRR S, M
T, B DA RO % 4 T 2 B PR R N A G
Jok 3l , R A AT BRI i i B 2

SRy itt—20 BT EL PR g ) vk 1 E T G

ML www. stae. com. cn



2025,25(2) ure, 55 T Bl 22 0% B R 04 7 W [R] 20 F DL PR A TR 00 o - e 4 1 619
RIGOL H 200ms |t [ D 452.400000ms T 5@ 400mv RIGOL H 200ms | 13 omon D 0.00000000ps T 5@ 400mv
AX¥ | @ ¥ (1.00 WB/div) |~ 17 KF L) 17
. a = H
ILH \‘/ ;{ \\ 'a"‘\”\ /\_ //.\ -155 1T 8 Jlﬂ lg 1T &
=N SN SN NS g £
A N WA " AV A . o
= ¥ (1.00 WB/div) i — e -E W w__ p——
A M 1A I e .~ 3 " ana .
" st g,/ \, ! \\ f’ \ ,” \ ,‘, =S e = B Egk |lb=$ ==
— \ /‘ N\ / \ |/ 5\ / — e i L
_\_ LR, \ LN, v '\ o " [ 8
: W W W A 4 3
i,(3.75 Aldiv) e = B hasi NP ol R
| AT A A e Il S e i
— \ 4 \ \ — Tl
mx e W W N A W W oMW o 1 e
i \/‘\/ \'M\’ \b“v"\v W = 1 . .
had ®e JRcl 7 (0.63 WB/div) L)
41 = 10v /2 = 100v 4 P 1 = 200mv ¥ 200mv / 2 4 e x
- (a) fZEMPFC (a) #4EMPFC
RIGOL H 200ms |3 00npie e~~~ o | D 569.200000ms T @ 400mv RIGOL H 200ms |33 ompee D 000000000ps TF@ s00mv
K F a . Y LI K F 9
E ¥ (1.00 WB/div) & Sk 4
g HTE it a ma
| NE o U — &
R m i
" " ] = &f -
#= 71,00 WB/div) — i 3 #v’ 1%‘. e
N g S~ o) i 1
e qic | -SRI 1
“t3atiE | @ —_ * LFatia o B a B —_—
e by p W H
o P =4 1] F
o] i(3.75 A/div) FrERE et BN e &
K%y N = N _it" O
| © /-\</ /\ /\ /\ Lt m% L R
e f THTEGE - THEHE
i \/ N/ N\ %8 il / i %8
AKE SN ¥ (0.63 WB/div)
= 10ov /2 = 100v 3 = as 4 < 1= 20mv PP 200mv /3 4 < e
(b) $£HMPFC (b) FHMPFC

K12 HURSBUREC TO0 R LR pIp K
Fig. 12 Experimental results under inductance

parameters mismatch

M 157 P8R R T RE K XL 28 R B A1) 2 1 e e 337
BN B DA A pE i, i 13 (a) M
K13 (b) fitzR, PIAHER L AR AR R T, 44 S0 45570 Ft i
R T o R Bl R 1 i 7 Y05 T2 A o7 25 7
[m/4,3m/4 ] Y N A8 Ak, T R HE R J60 3 00 o 4
5 2 W Dl AR SEAR AR RS AE w2, ] T,
FLER SRR | AR SO IR 330 1 e s ol O 12 B9 5
TR ] TP RES PR RRRS S, A AP RS PERE

ZEA L B SE A5 L 4R 1 MPFC 7 A
HeFA& 4 MPFC 77 ik A m i S 5e ik, OF |2
AIAEARBMASE SN E G OLT, B3N E
FHEBE S G ksl

4 g

EFXHESE MPRC 7 7E IS 50E Me bk 22 Fa s
N RZEAE KA, $E 0 T — P R T 2 K
VEFR (0 K #E [R) 20 e HL & # MPRC J7 i, OF 5 &40
MPFC ({25 58 S50 I T AL S8 i 3L T B R 2%
O AT e, NGA R T AY RN SE 5
SESNT AT AL AL 55 MPFC 52 H L HE S 500 T 1Y
SN o B S T AR A MPFC 5 %) B ML HL S
BORFEA B bt e, ot TRAaEn
MPFC JiE R IREE R ML Z FA R £ K

K13 58 TREEERLIL A

Fig. 13 Track diagram of stator magnetic flux

I AT R G5, OF R AR
TE T HERE S REEE R K BN AR S T 0L B
P PERE o

£ % x W

(1] WURE, £, WIFA. ST MATLAB/Simulink {5 5 /1 7k

(i) A R LT 20 A M — B R R R (1], Bhe R 5 T
, 2023, 23(28) : 12108-12114.
Hu Qiguo, Wang Zelin, Hu Huoran. New super twisting second or-
der sliding mode speed control for permanent magnet synchronous
motor based on MATLAB/Simulink simulation[ J]. Science Tech-
nology and Engineering, 2023, 23(28) . 12108-12114.

(2] #ai, B, B, 55 JETRBIUE AR I K ) 2 UL JC A% R
RRERIL)]. BIEARoR S TR, 2022, 22(6) ; 2252-2258.
Yang Hao, Zhao Qiang, Yang Zhao, et al. Permanent magnet syn-
chronous motor based on new type double sliding sensorless vector
mode[ J]. Science Technology and Engineering, 2022, 22 (6):
2252-2258.

[3] HeJ, Tang R, Wu Q, et al. Robust predictive current control of
permanent magnet synchronous motor using voltage coefficient matrix
update[ J]. International Journal of Electrical Power & Energy Sys-
tems, 2024, 159 1-9.

(4] MR, A, ik R I m () 20 LA PR 2 o) AR AR o) ok Jig
EHILI]. RALS RN, 2023, 50(12) : 92-100.

Yang Kuangbiao, Shi Jian. Improved Finite control set model pre-
dictive speed control for permanent magnet synchronous motor[ J].
Electric Machines & Control Application, 2023, 50(12) : 92-100.

¥ Mk . www. stae. com. cn



620

B R 5 TR

Science Technology and Engineering

2025,25(2)

(5]

(9]

[10]

[11]

[12

[

[13]

Zhang Y Q, Yin Z G, Li W, et al. Finite control set model predic-
tive torque control using sliding model control for induction motors
[J]. China Electrotechnical Society Transactions on Electrical Ma-
chines and Systems, 2021, 5(3): 262-270.
ok, Wme, IMEE, 5. KBEIR D R HL= 0% B AL BN
BEERI[T]. ALS AR, 2021, 25(8) ; 9-17.
Ge Xinglai, Hu Xiao, Sun Weixin, et al. Three vectors model pre-
dictive flux-linkage control of permanent magnet synchronous motor
[J]. Electric Machines and Control, 2021, 25(8) : 9-17.
KK, i, BRI R U R O R ()], T E AL
TARSHR, 2015, 35(3) : 719-726.
Zhang Yongchang, Yang Haitao. Model predictive flux control for
induction motor drives [ J ]. Proceedings of the CSEE, 2015, 35
(3): 719-726.
RS, PUBZR, Tk, 4. BT BV HTR ) 4 357 84 150
et [J]. ERHLTR =, 2016, 36(11) : 3045-3053.
Xia Changliang, Qiu Xudong, Wang Zhiqiang, et al. Predictive
torque control based on optimal operating time of vector[ J]. Pro-
ceedings of the CSEE, 2016, 36(11) ; 3045-3053.
Yongchang Z, Yuning B, Haitao Y. A universal multiple-vector-
based model predictive control of induction motor drives[ J]. IEEE
Transactions on Power Electronics, 2018, 33(8) : 6957-6969.
WREETE, RS, ERTY,SF. BTN GR2E AME  E  R
TG TR) 2L v HLASE B T el G4 R [ 0], b e L TR AR
2021, 41(17) : 6071-6081.
Yao Xuliang, Ma Chengwei, Wang Jingfang, et al. Robustmodel
predictive current control for PMSM based on prediction error com-
pensation [ J ]. Proceedings of the CSEE, 2021, 41 (17).
6071-6081.
B, R, TA, 4. ST HGHE SPBO SUA MK T ki
AR LB B[] B RS TR, 2023, 23
(16) : 6908-6916.
Lu Zichen, Dai Xiaoqiang, Wang Ying, et al. Parameter identifi-
cation of underwater propulsion PMSM based on improved SPBO
[J]. Science Technology and Engineering, 2023, 23(16) ;: 6908-
6916.
ZELYY , . KRR AP AL A BR A AL B F A4
WIBFFELT]. AL, 2023, 56(2) ; 4348, 65.
LiYuanqging, Cheng Shanmei. Research on robust finite-control-set
model predictive current for PMSMs[ J]. Micromotors, 2023, 56
(2):4348, 65.
TR, EWER, MG, . KRR A A LB B AR T T
WEBEREHRIL ], 30 T/, 2022, 29(8) ; 1410-1416.
Guo Yingna, Wang Chenchen, Xiao Haifeng, et al. Improved
model predictive flux linkage control for permanent magnet syn-
chronous motor[ J]. Control Engineering of China, 2022, 29(8) :

(14

[15

[16

[17

[19

e fE M HE . www. stae

[l

[

]

]

[

[

1410-1416.

FTERGE, FERUE, 2250, BT 1 3d 0o e 14 i W0 L 45 1) 7K
[l AU L A R R L] LT R 4, 2021,
41(2): 728-738.

Ke Dongliang, Wang Fengxiang, Li Jiaxiang, et al. Predictive
current control of permanent magnet synchronous motor based on
an adaptive high-gain observer [ J]. Proceedings of the CSEE,
2021, 41(2) ; 728-738.

LM, BRER, TRE L, 5. PMSM JRREHE 197 MR HE A5 A il
MASERRIL)]. TSR0, 2019, 33(7) : 79-87.
Zhao Kaihui, Chen Yue, Zhang Changfan, et al. Finite-set model
predictive fault control for demagnetization faults of permanent
magnet synchronous motor drives[ J]. Journal of Electronic Measu-
rement and Instrumentation, 2019, 33(7) . 79-87.

RIS, TRIR. FETXGE U 2B T 8 K R HTI ] A 7k
R 1) A0 HL LA 2R 50000 o e 2 o [0 ). v I P LR A AR,
2021, 41(16) ; 5748-5758.
Song Zhanfeng, Zhang Ran. Two-step-prediction-horizon-based
variable vector action period model predictive flux control for per-
manent magnet synchronous machines [ J ]. Proceedings of the
CSEE, 2021, 41(16) : 5748-5758.

Wang Z, Zhang X, Guo Y. Three-vector predictive current control
for interior permanent magnet synchronous motor [ C]//IEEE In-
ternational Conference on Predictive Control of Electrical Drives
and Power Electronics (PRECEDE). New York: IEEE, 2021 .
443-448.

MRE, ER, B, S KRR ALY = e R
AR T]. R AL TR, 2018, 38(S1) : 243-249.
Lan Zhiyong, Wang Bo, Xu Chen, et al. A novel three-vector
model predictive current control for permanent magnet synchronous
motor[ J]. Proceedings of the CSEE, 2018, 38(S1) ; 243-249.
ZEREAR, B, ISR, AE RETHL O b PO O Y K
AL =SB BN A I [ ] L TR, 2022, 37
(7): 1666-1678.

Li Xianglin, Xue Zhiwei, Yan Xueyu, et al. Voltage vector rapid
screening-based three-vector model predictive torque control for
permanent magnet synchronous motor[ J]. Transactions of China
Electrotechnical Society, 2022, 37(7) : 1666-1678.

W, FER, G, 5. PRSP o IR SR i
RERITN ] . BAE AT SRS UE AN [J]. B TR
i, 2021, 36(1): 3949.

Guo Leilei, Li Guohao, Jin Nan, et al. Two-vector-based modula-
ted model predictive control method for 2-level voltage source in-
verters: theoretical analysis, experimental verification and exten-
sion[ J]. Transactions of China Electrotechnical Society, 2021, 36
(1):3949.

. com. cn



