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Abstract: [ Objective] Aiming at the problem of control
performance degradation due to parameter mismatch in finite-
control-set model predictive current control ( FCS-MPCC) of
permanent magnet synchronous motor, the model reference
adaptive system ( MRAS) is used to identify the motor
parameters to improve the parameter robustness of FCS-
MPCC.
robustness of FCS-MPCC was analyzed. Then, in order to

[ Methods ] Firstly, the parameter mismatch

solve the problem of under-ranking of three parameters
identified by the traditional MRAS method, only the two
parameters of inductance and flux linkage, which have a
greater influence, were identified, so as to make the FCS-
MPCC have a stronger parameter robustness. Finally, the
impact of the resistance parameters mismatch of the MRAS
model on the identification results and the performance of the
motor control was analyzed. [Results] In order to verify the
effectiveness of the proposed method, simulation analysis was
carried out based on Matlab/Simulink platform. MRAS can
accurately recognize the actual values of inductance and flux
linkage with high recognition accuracy when the model

Although FCS-
MPCC and MRAS still need to set the resistance parameters,

resistance parameters were set corTectly.

and the mismatch of the resistance parameters has a large
impact on the identification results of the flux linkage
parameters of MRAS, but because FCS-MPCC has a certain

degree of robustness to the parameter changes, this effect was
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reflected in the FCS-MPCC has little impact. [ Conclusion ]
FCS-MPCC selects the voltage vectors whose cost function is
the minimum one, which can weaken effects of parameters
mismatch and make FCS-MPCC robustness. As effect of
resistance parameters mismatch is weak, only inductance and
flux linkage are needed to be identified, so as to avoid the
problem of under-ranking. Resistance parameters affect a
significant impact on MRAS-based inductance and flux
linkage identification, but demonstrate minimal influence on
FCS-MPCC.

Key words: permanent magnet synchronous motor; model
predictive current control; parameter mismatch robustness;

parameter identification; model reference adaptive system
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Kfriy (k) Rk B ZIE F dg oIS % 1H,

HI TR A A R, R F 2 I 2058 1 dg il
ML 2 B AT LU — I 2 2% {1, PMSM
MPCC RGN 1 PR,

B 1 PMSM MPCC %%
Fig.1 MPCC system for PMSM
T Matlab 2024a/Simulink # 37 PMSM
MPCC ZGe005 BB, )y BBy B FRE A >R
FERIR 5x107 s, F AR RLEN 312 V., Fei
R U543 ( Proportional Integral , PI) 45 il #§ S 44
WHENK,=5.K =100, % ETFRA[-30 A,
30 Al iEH PMSM S50 1 Fiw,
®1 {FEFM PMSM £
Tab.1 Parameters of PMSM for simulation

SRR ZHUH
FEFHIBE R, /Q 0.2
d A L,/ H 0.008 5
q ML /H 0.008 5
e F-WERE /Wb 0.175
WXFEL p 4
BEEIE J/ (kg - m?) 0.089
i BLE REL B/ (Nom-s) 0.005

DI BB E R W IR 275 55 3 400 rpm,
2 s FEFBR 9400 rpm; B4 5 B4 18 Nom,
1s BFBBRZE-18 Nom,3 s BYBERE 18 Nom, 15
RN 4 s, BHLFEHEFNE T dg S i af;
HESR NP 2~ & 4 iR

& S dg BhE I K 33 77 HR R 2% (Root Mean
Square Error, RMSE) FISE-Y5 55K £ 4351
H(5) ~2(7) Fizw
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B2 MPCC EBHlEiE
Fig.2 Motor speed of MPCC

B3 MPCC d 3
Fig.3 d-axis current of MPCC

4 MPCC q HifiR
Fig.4 g-axis current of MPCC
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0.25 55 4 1%,

BATS BB R MPCC, [F B} 4T 1517 2%k
PERCHY MPCC, Hod 24U UCfid i MPCC % M H
KEMNHTE,

SRR MPCC T e 8% (1) FiH % 1t S pRER
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Tab.3 Performance of MPCC under parameters mismatch

SHHR /% 77‘/;/% Iy pmse/A 1 jusp/ A [/ kHz
4R, 57.03 5.53 0.83 0.89 6.25
0.25R, 7.36 1.48 0.82 0.89 6.23
4L 3149.21 19.19 0.89 0.98 6.48
0.25L 35.63 79.80 1.30 1.04 1.53
4, 590.27 32.41 0.83 0.97 6.26
0.25¢, 62.12 9.20 0.83 0.91 6.27
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i, IR R, R, ZHURTXT MPCC e &
R e 20 AR o P R R R AN, G T RS AL
BRI AT HER LA o, 13X 2 S50, i 3kt 6 R
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SIS ] AR A | 22 A RS B e b T
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T AR 8 A R0 3 A ) AT R AR A o
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B ALSEE R R, R L B R ES A
TERCEEAVE R, T AR R %) R E 3 2 T
TS A M g L, WA Sk 2 25 R 5 T i A A
M, TR A B AL SR R B AL SE PR S5

W2 (1) Bt (10) BRI F

pi=Ai +Bu + C (10)
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i 0 0
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] ;C=| 04|,
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I L
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FIIE R, B PMSM A8 5 2% [ 3 I S 500HR &
Gt A A I ) 3 [ 4 A A A e
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Fig.5 Transformed MRAS for PMSM
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FK (14) SN 1,00, 1,) F 0, (0,1,) , UK
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772(0,50) :_J'O (Z - L) weeqdl == ’)/g
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R T BAIERX (15) o 0, (0,1) =—yi BT, %
B PIER, i (16) Fis .

1 Kil 4 4
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Li(O) (16)

K. L(0) LB IR TE
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Fig. 6 MRAS-based MPCC for PMSM

4 FERH

HET HE T MRAS SEAF HFUE - HL S Ak g 14
REBERY PMSM MPCC R 4%, # MRAS #HAAE 2
ZHUHT MPCC il , BT PLZECR 19 5L bR
PFEEERATAL, 2 2 D SEHHRN K, =1 B GE
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SHPERE R AR 22 R 405 (18) B
LJA-A

by

n=1

A
ﬂ:TXIOO% (18)

K A WSEHE A WS EESE,
KPR R E S (0.5 s~1 s) - B
TR 222 FORMERA 1, FERTT 06 B HHR 2 E T (E
JIr e B B Fn A R [E] PT ST LAy, 1Y
PHRZE RN 4 3R 5 PR,
x4 FAEPISHT LWPFHLER

Tab.4 L identification results under different

PI parameters

K, K; 1,/% RPN 8]/
0.1 100 0.708 4 0.290 2
0.1 300 0.664 6 0.111 1
0.1 500 0.655 2 0.060 3
0.1 700 0.671 0.041 2
0.01 100 0.734 8 0.316 5
0.01 300 0.627 4 0.130 3
0.01 500 0.606 4 0.060 2
0.01 700 0.730 3 0.048 6
0.001 100 0.707 5 0.295 2
0.001 300 0.738 5 0.122 2
0.001 500 0.743 9 0.063
0.001 700 0.721 9 0.029 6

®5 FEPISHT g, HBILER
Tab.5 i, identification results under different

PI parameters

K, K Ny/% BERBTTR /s
0.1 100 2.976 5 0.147 7
0.1 300 2.966 5 0.088 7
0.1 500 2.966 6 0.052 1
0.1 700 2.963 3 0.047 8
0.01 100 2.975 2 0.148 8
0.01 300 2.967 4 0.089
0.01 500 2.952 1 0.053
0.01 700 2.983 4 0.047 9
0.001 100 2.953 0 0.148 7
0.001 300 2.967 6 0.089
0.001 500 2.952 3 0.053
0.001 700 2973 1 0.047 9

4 % 5 AL R AR K, 0 SR
2% B I M A TR 5 B K, M, BT
A AR (ELRRE 700 B, R 22 TR
Bk ELIFS OB MR TR K, R, T B

B S PR R S U L g, BRSPS BB
4 K, =0.01 1 K, =500,

XFF MPCC, R, TLFAEHPER  [H MRAS 28
PHRTE I E R, HIL, WER R, 5K E X
MRAS SEUHEHREE R = A
4.1 HESHITE

R EFM S BRI S BAZE, 4
MPCC By FAEE Kz MRAS Ff Al JEE R K 280 [
EWHEF W R, YIS B AL RS EUCEL, MRAS
PR LA ¢, mZ5 R IE 7 K 8 i,

7 R BEILERTLBAER
Fig.7 L identification results with matched

R, parameter

8§ R, BHTET y, PHRLR
Fig. 8 ¢, identification results with

matched R, parameter

R, ZHULHEL T, MRAS HHL L Al g, (14721
ZERFE 6 PR,
F6 R SHEETHAFHRER
Tab. 6 Identification mean error rate with

matched R, parameter

n,/% nw“/%

1.35 4.53
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HHHRSE R AT A, R, ST, MRAS A] PRt
HAEFHE AL LA g, BB, o LR
BRI T oo

BCHT, SR MRAS 2B #E i S 500 PMSM
MPCC {5 EL45 R A& 9 ~ & 11 Bz, 45 il v BE
TR,

217 >k H MRAS 5Z B 3F - 2 50 PMSM
MPCC, [R] B} I 47 32 17 B ML 2 54 58 4 UL fie 19
MPCC, P& fi th B R R A —B0R K 1.19%

E 11 R, ZHILE TETF MRAS §9 MPCC q fHFEB 7R
Fig. 11 g-current in MRAS-based MPCC

with matched R, parameter

FEAMY,

Ry SRR A R A A S R A R LR
B E MK 100 rpm | F5E 1 000 rpm , {5 EHHE H
PREFAAE  AREFN S T LR g, FEOE34R 25
RUNKE 8 F/R,

#8 REMSETHIHRERER
B9 R, SHILE TET MRAS B MPCC BHl&iE Tab.8 Identification mean error rate at low

Fig.9 Motor speed in MRAS-based MPCC with and high speeds

matched R parameter

B/ (remin”") /% /%
100 2.42 6.29
1 000 1.88 3.53

2% 8 THL, 1% S BHR R Jr v A A A v 3k
NI ETSZEL LA o, WS RN
4.2 HEASHKER

B MPCC B TR 7Y K MRAS Hp Al AR 7R K2
S A A L B SR R L PR S 4L
1 0.25 115 4 £5 S BURBC T MRAS HHRTS 3
ZHUH T MPCC, [A] I 74738 47 Hi B 2 UL i

10 R, BHILE TEF MRAS ) MPCC d HiF8 it (9 MRAS . HCB 0 25 B AT Hoe

Fig. 10 d-current in MRAS-based MPCC

4.2.1 0.25R.
ith matched R t o "
Wit matchec T parameter LB SR (0.25R, ) S5 BT BB LT
#7 R, ZHLETET MRAS # MPCC {£6E MRAS HEH L Fl o, BOZ5 50 12~ 13 £ 9
Tab.7 Performance of MRAS-based MPCC Fﬁ‘ﬂ?

with matched R, parameter

x9 0.25R, EESHAB THRTHIRER

1y i rmse/ A 1, iy ruse”/ A Save/ kHz Tab.9 Identification mean error rate with mismatched
0.8193 0.890 3 6.18 0.25R, parameter
g5 BRIAL R, SHCIC R 2R MRAS #HA L MRAS m./% /%
Fil o, ) PMSM MPCC PERE RLAT, e v R R it 5 SRR 13l 17:96
SR GEAVUED i) MPCC LA FA[R] , 19 2 42 i 4 fE SR 1.37 4.2
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E 12 0.25R, BIESHKET L $HRER
Fig. 12 L identification results with mismatched

0.25R, parameter

13 0.25R, BIESHEKET ¢, PHAKER
Fig. 13 i, identification results with mismatched

0.25R, parameter

BEE, R MRAS SZ 0 #2500 PMSM
MPCC {f 5 RN 14~ Fl 16 Fizn , 5 il 1 g 4o
10 s,

B4 2R H MRAS SC B 3 i 2 80 PMSM

E 14 0.25R BESHAETET
MRAS #j MPCC B iE
Fig. 14 Motor speed in MRAS-based MPCC with

mismatched 0.25R_ parameter

B 15 0.25R, BESHKETET
MRAS ) MPCC d 3
Fig. 15 d-current in MRAS-based MPCC with

mismatched 0.25R, parameter

16 0.25R EBFESHRE THET MRAS B
MPCC ¢ HF R
Fig. 16 g-current in MRAS-based MPCC with

mismatched 0.25R, parameter

MPCC, [7] i I 47 iz 17 H WL 2 %058 42 DE e /Y
MPCC., W5 it HL 2R B A —B0% R 1.18%
Fx10 0.25R BHESHARETET
MRAS HJ MPCC 148
Tab.10 Performance of MRAS-based MPCC

with mismatched 0.25R_ parameter

1 (Lri;LRV\’ISR/ A Iq,rip,RMSF./ A S/ kHz
0.817 4 0.891 6 6.16
4.2.2 4R,

HBHZ Bk B (4R,) SHBH S HILE T,
MRAS L 1 o, BOZE RN 17~ 18 18 K5 11
JF7R o

BEEE, SR B MRAS SZHF 3R 2 8089 PMSM
MPCC 15 EZ5 RN 19~ & 21 iz, #5il H: fg 4n
12 s,
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17 4R BESHKET L #HRER
Fig. 17 L identification results with mismatched

4R, parameter

18 4R, BESHKET o, PHRER
Fig. 18 i, identification results with mismatched
4R, parameter
F11 4R EBIESHAB THIZFEHRER
Tab. 11 Identification mean error rate with mismatched

4R, parameter

MRAS n./% n,,,f/%
SHUR L 0.89 48.36
SHILE 1.39 4.51

F 12 4R, FEBIESHKE TE T MRAS § MPCC 48
Tab.12 Performance of MRAS-base MPCC with

mismatched 4R_ parameter

) d_rip_RMSE/ A Iq_rip_RMSE/ A Jue/kHz

0.823 1 0.886 7 6.19

iz 17 & | MRAS E B #F iR 2 501y PMSM
MPCC, [f] B} I 17 iz 17 HL Bl 2 % 58 4= T Jid (1Y)
MPCC, P& fi t B R R A —B0R K 1.49%
4.2.3 HZRHpH
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Fig. 19 Motor speed in MRAS-based MPCC with
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