53K FE S
2026 45 A 25 H

HLAIL-S5 4 O

Electric Machines & Control Application

Vol.53 No.5, May, 25, 2026
CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2026. 156

XEHS:1673-6540(2026) 05-0456-09

FE 5 ES . TM 351 XHERARERD - A

B Tl i B 3 25 10 T AR B B ok #% 5] 25 EE L
1 B Yo U B AT 4 6

AR, T4, THE, &

/\1, ?54%%@1, ﬂjﬁ1’ %_/L/}:%Z*

(1. k% K$F AFEFR, %G B% 710064,
2. HBEBRLEBAKRSE FELABRAFLALEHRAUBAELE LR T,
#% ®TF 810016)

Model Predictive Current Control for PMSM Based on

Near-Current-Variation Prediction Model
Li Yaohua', Wang Qinzheng', Wang Zichen', Gao Sai', Guo Weichao',
Chong Guochen', Wu Buhao®"
(1. School of Automotive, Chang’ an University, Xi’ an 710064, China;

2. Qinghai Plateau Key Laboratory of Automotive Electrification and Intelligentization Technology,
Qinghai Vocational and Technical University, Xining 810016, China)

Abstract: [ Objective ] To address the strong parameter
dependence of permanent magnet synchronous motor ( PMSM)
model predictive current control (MPCC) , this paper proposes
a near-current-variation-based  prediction model, which
eliminates the resistance and rotor flux parameters, thereby
improving the parameter robustness of PMSM MPCC.
[Methods] Based on the traditional current prediction model
of PMSM and near-current-variation, the predicted current
value for applying the same voltage vector V, as the previous
moment was first calculated. Then, using this as a reference
value, the predicted values for applying other voltage vectors
were derived, thereby establishing a near-current-variation-
based prediction model. Finally, through simulations and
experiments, the performance of PMSM MPCC based on the
traditional current prediction model, incremental current
prediction model, and near-current-variation prediction model
was compared. [ Results] The simulation and experimental
results demonstrated that the proposed near-current-variation
prediction model did not require stator resistance or rotor flux
linkage parameters, and its control performance was comparable
to that of both the traditional and incremental current prediction

models. Moreover, the optimal voltage vector selections of the
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three models were consistent. The proposed model relied solely
on the stator d, g-axis inductance, significantly reducing
parameter dependency while maintaining stable system
operation. [Conclusion] The proposed model provides a more
simplified solution for PMSM MPCC.

Key words: permanent magnet synchronous motor; model
predictive current control; near-current-variation prediction

model ; parameter robustness

B OE. (B8N T M ER A AL PMSM) B8 15
T E AR (MPCC) S50 R 5 1 [P, AR SCHt el 17—
b L T I 3 R 3 A8 A %) TN A TR 9 o T R BEL AT B T
HESH 1R T PMSM MPCC S50 v, [ Aik] i
F PMSM 1% 45 B 3 190 00 452 78 5 0 3 el it AR Ak, 1 S 15
a5 L —ar 2 R B R R i v, I A, SRR,
VAU SEAEA, 1545 it o HCAth Fi R % & %) T4, D
T S 7 B If 0T R O AR A A T AR AR, e, A
ARG, X T 3T A% 4 e O T A TR 4 e e T
TR HNING 305 F 38 A8 b 7000 A5 7Y ) PMSM MPCC £ .
[ &R 105 EAR IS 45 S R B, A< SCUTH2 I 30 B 3 A8 Ak T
WA TE T R F v BN TRl 280, s hl R RE 5%
G R 3wk X R O TR0 ASE B A 2, HL =3 de R R R i
P30, ZBRAURIUE T d g TR, B RIR T 38
R, REEATEE,, [ &8 ) AR ST 55 PMSM
MPCC $24t T @b 2,

SRR WA 2D HE AL 5 AR AR S0 e 3 A o 5 I A R O AR

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HIPL SR, 55 53 %, %551
Electric Machines & Control Application, Vol. 53, No.5, 2026

457

AL T AR S Ha it
0 3|5

R A T R, A 45 i ( Model Predictive Current
Control, MPCC) [N 5 T 528 £ H bpdz il L it
EOWL AR HIPEREOL R AR, AR AR KRG ) A5 1
HL( Permanent Magnet Synchronous Motor, PMSM )
P AR 52 B o BEOGTET . PMSM MPCC 2E T
P, UAE FOUIASE TR LR HBCAR Df o 221 ) 000 FL 3t 7 T3
M AR b O S R, R,
R SR A P DR R ) PO P R P RE .
TR 2 AR R BRI S R S S pR 2
BOFA—B NS BRI, S EBIE 5 S PR E
ZIFAAEIR 22 S LR b RE

J T REAR S 8 BE X MPCC R 5% Wi, SC
FR[O-11 ] 778 Jry B ABE A A ~7 e 2 BB Y {H
JRT AT 5 b E S ML S EOHSCRIBT 28, 3
FR[ 12-14 2R I 2 8090 R 5 i 0 B AL 2 8 47 5

FFSL, L Fl T R 3 S0 AR SRy XUk A XU HH &R
45 PR SR WA, 7= A R Bk R

ST B AT I R T LA A 2 v
MPCC 2 & BN AR TIEZ —, X
Fk [ 15-18 ] 38 2 b 17 S 7 4 s 221 b S5 000000 6 76 o
2%, Ny 1 B Pl R OIS | T R TR EE S
B, AT SR |, (H R IR G =4S
B, AR SO ST I T T F AR T A T AR A | 3k
— I HBR B S, T E T d g B2
B, D5 EAREE 25 R R W, 56T 30T f 30 72 Ak il
IFEAIAY PMSM MPCC iz 47 R4, fa il vk e 5 1%
g5 K 1 3 A O T AR TR 3 AR A 2 R AR T
MPCC WS BURIE .

1 fEEERmNE&EE

S d-q TR AR R T, R FH— B i 1) BR
LA PMSM %€ F d . q Bl 7 BE AT B Ak,
AT AR S i AR A = (1) IR

'k+1—( RSTS)'k+T{Lq ; ! }
i,( )=11- i i,(k) X fdw“(k)L”<k> +fu(l(k)

d

d

1
, B (1)

R.T. L,
i,(k+1)= (1 - L) i,(k) - TS[Lwe(k)id(k) + (k) - uq(k)}

A suy v, g i, AVL, L, 2050 d g BlE T
JE R ARG R, E T o, D HLBLHG,
JE s, OKREARRESE
A0 (1) AT, A% G Ha, Y T A 2 5 B T
HFH R, EF d.q R L, L, FIKREARRESE o,
a4,
PP F, s 0 A8 g ] 7 A 7 A e L e 2R
i, 00(2) U, Horp Z i Rk 8 n] i TSGR
A 111 5000 A= B, HAA 5 PEAR 5 1 5C U8 A /)
JE U A A
V. e {V,,V,,V,,V,,V, V.. V.}  (2)
MPCC HYJA R ECN A (3) Fis . il TR A
W g, A YRGB 20 B 25 E 5 — i
ZIW 225 (E AR
g=Li(k+1) =i (k)] +[i,(k+1) =i (k)]
(3)
Abreiy (i) SR TN 2% d . q BRI S
{830, (k+1) i, (k1) 2030 T —WF 2 d g B
) T,
FF Matlab/Simulink £, 2% & 45 o i

q
W7 FHE PMSM MPCC {5 BELRS R | iR 70
BB CREETR IO 1le—4 s, B EUL TN
le=6 s, ELMBFERHLE N 110 V, BE IR H IR
BEHRIZSHOLE R K =0.05,K,= 1.7, 1B H
T ERRR A -5.5 A,5.5 AT, (R &M%
BN . SHF PR3N 700 r/min,?2 s 5 By B K
~700 v/ min; FEFLFERIGREN 1 Nom, 1 s BFBTER
£-1N-m,3 s B FRFIERZE 1 N-m, FFZERK
4 s;d IS FHHEFR 0, P EH PMSM Z40ink 1
Fis AR E 1.2 Fios .,
*1 {FEHPMSM $#
Tab.1 Parameters of PMSM for simulation

SEHR ZHUE
EFHHR,/Q 2.615
d Rk L,/H 0.006 55
q fhr & L /H 0.005 20
Y FHEHE ./ Wh 0.101 256
AT p 4
HERE n/(romin™") 2 000
BER T, /(N-m) 35
HEYIHE P, /KW 0.75
R J/ (kgom?) 0.003
KRG E ZEL B/ (N-m-s) 0.002

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



M, LT

AT FEL AR P T A 5 1% 7 T ] 20 i ATLASE A T v, i 42 7

458 Li Yaohua, et al; Model Predictive Current Control for PMSM Based on Near-Current-Variation Prediction Model

E1 E:F'ﬁ?éﬁfauu}ﬁmwﬁwwﬁgﬁl_
Fig.1 Simulated speed based on traditional

current prediction model

E X d.q HE K B2 AR 1R 24 (Root Mean
Square Error, RMSE) #1X:(4) . (5) Ffi7s .

(4)

Ly RMSE —

(5)

L, RVMSE —

PNV REAN L

B2 ETFASERAMNEEFE iy
Fig.2 Simulated i, based on traditional
current prediction model
H TG R B AL ) PMSM MPCC P4 RE
nak 2 FioR,
x2 ETHRSEERBUNEE ST
Tab.2 Control performances based on conventional

current prediction model

e ICA 1y rmse/ A I, ruse/ A
S 0.277 9 0.364 7

2 EEXHERMNER

(1) A5 & BFZ) PMSM 8 F d g SiHL IR
ST W)

i(k)z(l—R°Ts)i(k—1) +T[L"w(k—1)i(k—1)+lu(k—l)}
d L, d | e q L, d
(6)
i(k)z( T) (k—l)—T[ . (k- 1)i,(k - 1)+l//fw(k—1)—u(k—l)}
¢ \ L, ¢ L, L,
T REER T /N, B J\Vi%éﬁzﬁﬁ ALK b B Z0RN k-1 B 20055 s A 45 DRI, =X
(6) 5 R

. RT) . L,
i,(k) = (1 _L) i,(k-1) +T, I

d d

0= |

q

T,
) <k—1>—T[ o (R ig(k -

wi@%@—l)+2fﬂk—lﬂ

(7)

1) + ﬂwe(k) -

1
L Lquq(k—1>:|

(1) 57 12, Tﬁgfigfaf(%mﬁﬁ(ﬂﬂﬁﬁ Wn=(8) iR

k0= (225 i (1 -

d

RSTS .
. i,(k -

d

i(k+1)= (2—

d q

2 (8) 11, 39Tk e T A O T
WTRBES R, AR THBL R, ET d.g il
K L, L, =ABH,

T,
1) +T, que(k)[iq(k) —i (k= 1) ]+ f[ud(k) —u,(k=1)]

R“TS)L'(k)— (1 —RST"')i(k -1)-T &w (k)i (k) =i, (k- 1):|+£[u (k) —u(k-1)]
L q L q qu e d d Lq q q

(8)

ARTFT BT, F T 3 =R g o ) A5 7

B PMSM MPCC {5 B 45 R unl®l 3 .4 Fras, #il vk
felnsz 3 iR,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AL SHEHIN A, 553 5, 5551

Electric Machines & Control Application, Vol. 53, No.5, 2026

459

B3 ETFEsXERMUERGERE
Fig.3 Simulated speed based on incremental

current prediction model
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Fig. 11 Experimental i, based on traditional current
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