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Abstract: The model predictive current control ( MPCC)
strategy for permanent magnet synchronous motor has been
widely used because of its good dynamic performance, but the
strategy is more dependent on the accuracy of model
parameters. In order to improve the parameter robustness of
the system while maintaining the dynamic performance of the
control system, a three-vector based incremental MPCC
strategy is proposed. A model reference adaptive inductance
identification algorithm based on d-axis current is introduced
in MPCC, and the adaptive law is analyzed. Simulations
based on Matlab/Simulink are carried out, the results show
that the proposed strategy can achieve the reduction of the
prediction error caused by the mismatch of flux linkage
parameters while maintaining the dynamic performance of the
three-vector predictive control. In addition, the model
reference adaptive algorithm based on d-axis current can
perform fast and stable inductor parameter identification,
which effectively improves the parameter robustness of the
control system.
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X (6) BEATASIE , 3 B0 o, i A 2 2%
RL, BVEAT E 22 dA 4, R B S F BRI
XA

u,(k + 1) =u,(k) +£[i,§’ —i,(k+1) -
[T |-
L) L
oLli(k+1) -i(k)]
u,(k+1)=u,(k) +;[i: -i,(k+1)

T scofs =) -

oLli,(k+1) =i,(k)]

(7)
A u, (h+1) u, (k+1) 73500 k+1 W 2069 d g
oy P R T AL
FR Y AR Y S B T H 525 H R AT LA
WIS R S T — B 200 A SR R Y
ZEEAR G TR IS H o kR, 2 (EE R
i 2 fos iR (8) Bk

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



SRR 25 FE TR Y PMSM &M R A0 150 425 b 35 1 0 5
24 ZHANG Chaoshuo, et al: Research on Robust Model Predictive Control Method of PMSM Based on Incremental Model

. L. .. L . .
Aud = T" ALd - (7 - R) Ald<k) - weLAlq(k)
L. L . :
Au = T_AL‘I - (7 - R) Ai (k) + o LA (k)

(8)
XAy =iy —i,(k) JAiS =i =i, (k) 310 k+1
W20 d g $Z% BiAES k 2152 PR i EZ
208 5 Ay (k) = i, (k+1) =i, (k) Ai (k)= (k+
1) =i, (k) 5318 k+1 B2 d g BTS00 B (e &
I 221 S o H, It (L2 ) ) 22 01

B2 EEEE
Fig.2 Differential voltage

Au; Au’ NESFHHIERES k-1 N2
INTE d g Bl bRy e i 22 22 mT DU 20 22
PN a-BHHIERARR TS HH R

u, =[Au; +u,(k-1)]cosf -
[Au +u,(k = 1)]sing

u; =[Au; +u,(k-1)]sinf +
[Au; +u,(k—1)]cosd

= (9) W, 2 iR KRG M 6 7 LLE
RN

(9)

5

Ug
0 = arctan — (10)

ua
i (10) AR B R R E M 0 5
TR A IEA R TR R A KRR 1 R,
*1 BEXEBREXSAMITEXR
Tab.1 Correspondence between sector and voltage

vector angle

B X 0/(°) Uy
1 0<6<60 Vi, Vy
2 60<6<120 Vy, Vs
3 120<6<180 Vi, V,
4 -180<6<-120 V,, Vs
5 -120<6<-60 Vs, Vs
6 -60<60<0 Ve, Vi

2.3 HEER MPCC MEEXEMEMMEITE
VEPR IR SEA L R R iR, T 2 B

ANFEA LR R o (R A AT 25 PR S JE AR H R R

AR IR Z AN T — A R, 75 24i A%

Sk

HURER (2) , 45 A ROBBN L 3177 B8, T A
PN A TR IR 0 d g SFL R
R

S”%swa-fmw>—Mk_n]+
w[i,(k) =i(k=1)] _ud(kL—l)
SW%EWO——§UAM—¢@_1”_
o [i,(k) —i,(k-1)] _uq(kL—1>

(11)
HHE—ANEHEAAEFRERE w0, 735
SR I d g Bl TR 2350

did s urll ( k)
S, =—— =
4T o 40 I
( (12)
_diq _ Uy ( k)
Sq] _E u =u B S(IO i L
g~ “ql
did - udz( k)
Sy = =
d2 dl - d0 L
o (13)
_diq _ uq2( k)
qu _a u =u - sqo + L
¢ Tq2

A gy wg Ty wy 73590000 w, Fow, 76 d g %l
Ry,

AR TC 22 S B K e+ 1 I 200 %) 0 P,
HM S, FE T (6) B d.q il i wti =X
W5 H

i (k+1)=2i,(k) —i,(k—1) +s,1 +

Sply + sty =i, =0
i,(k+1)=2i (k) =i (k=-1) +s,1, +

. K
Spty + 8,0t =1,

(14)

A eey oy 23500 wy oy BOFEFIREE] 5, D2 H

ARV AT ] =AM I ) 2 A0 A 2R A i 48]
T, Bp.

t, +t, +t,=T, (15)

Bearz((14) X (15) , 7T RIAR 2% HLUR

KA w, o, BPERIEETE], 2050 = (16) (30 (17)

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



LSRN, 25 51 %, %57 M

Electric Machines & Control Application, Vol. 51, No.7, 2024 25
B ‘ . 1 1
’ - . . ﬁq:ie:id_id;Nzi;N,:fo
- [z, _2%(]17) +i,(k-1)] (qu _Sq()) L L
= Ut PN
1 S50 T SuSa T SpSa T SaSn T SpSi T Soda «Hfﬁ(Zl)E&’%j{l
[Lq‘ _2Lq(k) +iq(k—1)](sd0—sd2) %:HG_W (22)
1A
S8 T SuSa T SpSa T SaSen T SpSw T S84 R
Ts<3qosdz - qusd()) Hrp :H:_f; W=(N-N") (Rid—ud) o
S5 T SuSa0 T SpSa T SaSe T SpSaw T SoSa 5 N R
' ! ! ' ! “um A (22) %07 B f A L P AR U5 B e, G
ghkgtniE 3 PR
.k . . /':l (e}
L= [i, - 2i,(k) +i,(k—-1)] (5,,0 _5,,1>
’ S8 T SuSao T 85050 TS5 T SpSi T Soda
i, = 2i,(k) +i,(k=1)](sy = s4)
S8 T SuSa tSpSa T S8 T SpSw T So8a
Ts('sqlsd() T S08a )
S8 T SuSa T SpSa T SaSen T SpSw T SeSa
(17) B3 FELUERTRERS
T Hh 4 B VR P ] Fig.3 Nonlinear tilj:e-vaf'ying feedlfacf system
L =T —p -y (18) A5 Popov M # e, K 3 ras ByAEL
0 s 1 2

M1y /N O T EXS ¢y o, FE— P A B
PBEATARRE eI B BB e . HAR IS DA 7
ik

o

\

e

)

3 ETdHERKN MRAS B RN

T d A MRAS B ¥HORIE
B R = S5 MPCC 8k ] DA L L e
SH P, RO SRR A2, (5 AL S H ) 5%
ZEATBR X MPCC BYPERE 2B 5200, 1548 MRAS
SRR AR TR AT d g B iAG T
i, °T LT 2 S B BER A2 A A7
TR BRI, X TR =0 PMSM ki, 7]
AR FH 235 4 B R T PR o ShERL I MRAS B 7EAN
i I REAE S T T HERAT B LR
XFFREFHUR LS, T d B S%
Xl

3.1

di R 1

ditd:—fid +weiq +fud (19)
F(19) XF W 1 A] AL Sy

di R- 1

?;z_f'(i + o, +?ud (20)

AP, i WL TR LA,
K (19) W £ (20) T8 LIS ),
de

— =—RNe - R(N -N")i, + (N -N)u,

m (21)

B R G5 AR R OE , T i R A5
Vi, > 0,m(0,z,) :f‘e"'Wdt >-,7 (23)
0

AP r AAEEARR T L IRUME,
A (23) R W A5 it A9 FR 23 26 004 fe /N

fi. K W RAAAK(23) TTHH
Vi, >0,m(0,)=
[fetew=ny ki, = upr == (24)
H A SRS AL PLIAT AR B
o1
et NGO LA ORI CL)

P (25) A (24) T 7
f;le(ud - Riy,) -

[Llo +f;f1(7)d7 +f,(1) - iJ dt =-7r

(26)
B (26) 730 L BRI 23331

g . 1 t 1
joe(ud —RLJ){LO +J0f](’r)d’r —L}dt =-r

[Feu, = Rippco @ = -7

(27)
afIE, B2 (27) oz, W= (26) —5&
Ry

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



SRR 25 BE TR Y PMSM M R A0 150 325 o) 35 1 0 5
26 ZHANG Chaoshuo, et al: Research on Robust Model Predictive Control Method of PMSM Based on Incremental Model

&(1) = e(u, = Riy)
be( = +[fmar - (2s)
k(D) = ()

SRk, b S50 B U R LN E

K2 (28) 1RA(27) A5

f:kig(t)g(l)dt =>_ rf
‘ (29)
[t 112 =

xF(29) 4

“ ki 5 .2
[heima =120 - £ =

hzo
2g()

[k e 1a=0

(30)
A= (30) ATRIEC(23) o, B R GRS E .
LR

| =ke(u, - Ri’d
{J/’(T) ( ) (31)

2(7'> = kpe(ud - Rid)
PRI, S AR A
1 1 ¢ . .
I = fo + kijoe(ud - Ri,)dr + ke(u, — Ri,)
(32)
3.2 EHTF dHERK MRAS BREHARSENE
SEVAE S iy

TE MRAS B3, HAG N PL SHUR 0 2
BP0 G, R SO, B AR T
F O8] AR O P S A, DR A 552 B 8 v
TS E R IR 280, T 3O Friz )
MRAS 53319 [ 38 W AT 204

I MRAS (IR T FEAH 15 3158 22 R G 45 AAE
K& 4 Jrzs o AR e it 1] g% i) 45 4 45 51
HLBHHR R G R A RS R BT, an &l 5 iR,

K5 A B .CHRRMSEGX Y AR M
o TR AN R R AT RIS T 4 AR 0
PR

B4 RERGLHEHE

Fig.4 The structure diagram of error system

5 BEIHRRSGHAMREE
Fig.5 The closed loop structure diagram of inductance

identification system

1 1

X= - (33)
A
11 : l
ety —RLd)e(kifodT th)=
(k[ dr ke (34)
A (22) T,
| 1
=g Mg (=W =B-(=W)
s+ —
L
(35)
i X
(uy _Rid)z
Gi(s) =4+ B+ C == (36)
R
s+ —
L
2
k,
G“):Gxg(+kJ (37)
hy

4 Ny =1/L,, WA G338 R ETCH

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



LSRN, 25 51 %, %7 M

Electric Machines & Control Application, Vol. 51, No.7, 2024 27

1 Ny C k; N,

E_G(S)"'N_ i(s) - ?+kp N

1 1+G(s) k.

o LG - [k,
N, R .
Wos(s +f) + (sk, + k) (u, = Ri,)*

(39)

R .
s(s +f) + (sk, + k) (u, - Ri,)’

XA 125 BRBCHEAT 3BT, AT R, A5 35 16 e
M, BT AR GRS E

4 FERH

BT IO = K MPCC FIEET d 4l
FLURL A MRAS BUBHER S B9 70 A, vl LIS 51 5
SRR E R AR P e 6 Bs

6 Bt MPCC RG&HIE
Fig. 6 The structure diagram of improved MPCC system
SRYGIE P i A5 ) SR s B AT AL, 7E Matlab
T MPCC i RGU05 BB, BRI R 5
PERIRBEE N 10 kHz, PMSM 280413 2 FivR,
#z 2 PMSM %%k
Tab.2 PMSM parameters table

SRR ZHUE
ETFHH R /Q 0332 1
AE LK L/mH 0.959
HXTEL p 2
TR MRS ./ Wh 0.014 28
HEFEME Ty/ (N-m) 0.22
BRET)HE Py/W 70
BUEHIE V,./V 24
BEHHE n,/(romin~") 3 000

© Editorial Office of Electric Machines & Control Application.

BRSO MPCC, = B MPCC 5 it
B OERE MPCC HEAT 07 20, B R 45 B
0.1 Nom F53% 500 rpm R4 F545 0.2 Nom ik
3 000 rpm BFP .00, 4 =& MPCC 5 W& 15 5
FOWIRR T F B ARHLEA d g b B B i 7
K 8 Frs .,

B 7 500 rpm Bt =% MPCC REEHIFE KT
Fig.7 Simulated waveforms with three MPCC
strategies at 500 rpm

E 8 3000 rpm At =% MPCC RREEHITE IR
Fig.8 Simulated waveforms with three MPCC
strategies at 3 000 rpm

HT P (7) R (8) 1947 EL 45 SR AT 0, AH X T 5
O HE MPCC B R 8 = Jc i MPCC Yl MR RE 5

This is an open access article under the CC BY-NC-ND 4. 0 license.



SRR 25 FE TR Y PMSM M AR A0 150 425 b 35 1 w0 5
28 ZHANG Chaoshuo, et al: Research on Robust Model Predictive Control Method of PMSM Based on Incremental Model

R4 =it MPCC HYFE I MEREAR S, #F AT LA G
LTI Y, BLAEEE AT 3l B

E— B SEUR LA IE B, B X i
FESHUR BT, L 58 MPCC BLAY 1y
WEAEAEL A o, , BLSCREREAE N o0 1 s HPRERL 25
SEMTERENE W 28N 0.30,,2 s BFHEH 0.3y,
AR 2o W RETLER 0.2 Nom, 50 W 2 55
500 rpm .3 000 rpm, 3 F] = i MPCC B ¢ fili i
WSS HRF P 9 FE 10 B, 7EAHTH
Y RESRE TG R = S & MPCC #1705 ., 15
g MRS SHRREIE WA 11 fME 12
JiR

B9 500 rpm Bt =R E MPCC R EIRESE R BLRE R
Fig.9 Simulated waveforms of flux linkage mismatch
with three-vector MPCC strategy at 500 rpm

E 10 3 000 rpm Bf =% 2 MPCC R BIREHE K AL
HERE
Fig. 10 Simulated waveforms of flux linkage mismatch
with three-vector MPCC strategy at 3 000 rpm

B 11 500 rpm EfIEE R = K8 MPCC R EIRESE KL
HERE
Fig. 11 Simulated waveforms of flux linkage mismatch

with incremental three-vector MPCC strategy at 500 rpm
HI 1l 9 ~ &1 12 05 45 AT, ik 400k
Bl P EC g 2S5 i i -5 9 B v O A7 7 HL U

12 3000 rpm FHEE R = X8 MPCC ;5K EL
HEKE
Fig. 12 Simulated waveforms of flux linkage mismatch

with incremental three-vector MPCC strategy at 3 000 rpm
28 W) R, R ATLAR T | A R 22 IO
R HRLUR 22 O T Hy TS R R = % & MPCC
AR TN 1R AN 5 M B S, TR I A AN - T3
MR 22

SR ) L SRS Bk I AT B, R B AL Bt
MPCC AR P B RLE N L, SR L
1 s I =4 MPCC BRI 25 HYHUREL R L7 72
9 0.3L7,2 s BFRRE 0.3L° 78k 21", 458 e il
3 000 rpm 5546 0.1 N-m, 153 d .q Tl IR IEIE Q0
K13 s,

13 3000 rpm Bf =X & MPCC 5 B B9 FR RE 2K AL
HEEFE
Fig. 13 Simulated waveforms of inductance mismatch
with three-vector MPCC strategy at 3 000 rpm

P L 13 P05 FLEE A AT, 22 F J 30 A7 1] Al
ZEmt d BhA TR BT 1 Za0E 0 ML, B d g Tl
[k S BT s 24 gk BIE 1) e 25 B, d g FliE
Ui BT RSN . W] =k EE AR T 4% )
Xof EELJER S B B 2 ) e A

X T d R T FE A MRAS HLEHHR Y H
TGN PLSEGHAT /0T, 1% MRAS SL 7R 245
FE—AHEYIME Ly, BERIE L, SESE L 17
e, AW (E S B EZ Ll 0.3~2,
K (39) FHY Ny/N HL0.5~3.33, I TiZFHR RS
) B A S IR R R ) TR 5 R T RR A R A
k, [RSE IO E 2R S0 R 75 S0 B i 22 BRI, B &,

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



LSRN, 25 51 %, %57 M

Electric Machines & Control Application, Vol. 51, No.7, 2024

29

IO FE R R G PeE VAR AT, ek i — 1
ke, B, VS b, BB R HERPERE I 5
M No/N 53 5IHL0.5 F13.33 B 5 k=1, 56500
0.1 Nem, 4@ M 3 000 rpm, 15 3] k, 4351 B
5 000,10 000 F1 20 000 H} i) 25 45 B 8K 17, 4
14 iR,

E 14 A[E k THR S M ERE 5L E
Fig. 14 System step response plots at different k;

M 14 HRTLUE S k3K, RAEEHE
e AR 5 &, 3 K2 5 R R R 3, R 2
EH Wk, =10 000,

M Ly/L 4y E 0.5 5 1.5 B, [ k=
10 000, ¥4 0.1 N-m, %5 % F 34 2 000 rpm,
kA0 0.01 1 T 10 B 2R 48 B BR i i,
e 15 fioR,

M 15 ] LU H k= 10 B 28 4806 i 3 3
1%k, =0.01 I REAFTENR G , &5 % B I
k=1,

Wk, =1 k=10 000 X AR N, e B
TEOLEAT O B, R RN SRy L 15 iR 2
AL=L"-L PIEE,WE 16 Fims .,

HI Pl 16 BT, R AT LATE 0.1 s RN
1B IEAG A A, FLE AR /NF 5% , FadsiR
Z/NT 1%

Xof B = 5 MPCC SRS B S5 i vk
O B SE, 4 545 500 rpm 545 0.1 N-m,
ERIER L, =03L" (Bl N,/N=3.33) fE1.5s )
Ji 2l MRAS HUBHER B HHRZ5 R A MPCC 5

15 [ k, TH9 5 St b 2R A R B
Fig. 15 System step response plots at different k,

16 BEEFHRAURZREE
Fig. 16 Waveforms of inductance recognition error

BAATHRIES BB IE . 2R d g B TRBIE A
e POL A 17 Fs

Hi P& 17 AT, A MRAS HEHE U AT LA
PRHAT R AT IR 15 B IE AR A LIRS AL
AT AR HL 3 VG S Bk 3l 4 v 1 AL LAY A 25k
REFI S EUE R,

5 #iE

ARTCER T —Fh BT 1 AR 1) = K5 Al
MPCC SR, 1M BE 8 7 11 550 A v T R e
ZHC R T 5T d Sl i iR R 228 136
JO7 R R ke T LB A7l AR P LS
WORBC B PERIVERE T R, ka5

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



SRR 25 FE TR Y PMSM M PR A0 150 425 b 35 1 i 5
30 ZHANG Chaoshuo, et al: Research on Robust Model Predictive Control Method of PMSM Based on Incremental Model

E 17 SHEEREd.q MERSHEREE
Fig. 17 Waveforms of d-axis and g-axis currents and

speed before and after parameter correction
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model reference adaptive

Model predictive current control ( MPCC) has
been widely used in the field of motor control for its
advantages of simple structure and superior dynamic
performance. The traditional model predictive control
algorithm is based on the mathematical model of the
motor, so the accuracy of the motor parameters in the
mathematical model directly affects the control effect
of the system.

In order to improve the parameter robustness of
the the

performance of the control system, an incremental

system  while maintaining dynamic
MPCC strategy based on three-vector is proposed,

which modifies the mathematical model, sector
judgment and the action time calculation, eliminates
the magnetic chain parameter, so that the control
system is free from the interference that may be

by the

Meanwhile, a three-vector synthesis algorithm is

brought about flux linkage mismatch.
added on this basis to synthesize the desired voltage
vector using two non-zero voltage vectors and one
zero voltage vector, which effectively reduces the
error of the predicted output.

Aiming at the robustness problem of the control
system inductance parameters, an inductance
identification algorithm based on d-axis current is
added to the MPCC strategy, and the adaptive law is
the

integration parameters, which ensures the fast and

analyzed to select appropriate  proportional

stable convergence of the identification results. The

control system structure is shown in Fig.1.

S3

The simulation results show that the proposed
the

performance as the traditional three-vector MPCC

control algorithm maintains same excellent
algorithm both in the high-speed operation and low-
the

parameter

At the same time,
the

robustness of the control system, which can maintain

speed operation stages.

algorithm  effectively  improves
a small current static difference under the change of
the flux linkage parameter, and can also quickly
recognize the real value under the sudden change of
the inductance parameter, correct the parameters in
the model in real time, and reduce the prediction

error.

Fig.1 The structure diagram of the proposed
MPCC system
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