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Abstract: [ Objective] To solve the parameter mismatch
problem of model predictive current control ( MPCC) for
permanent magnet synchronous motor (PMSM) , incremental
MPCC with model reference adaptive system (MRAS) is used
for parameters identification in order to improve the parameter
robustness of the control system. [Methods] Firstly, the
MPCC system based on the incremental model was established
to eliminate the flux linkage parameter, and the parameter
sensitivity of the incremental MPCC model was also analyzed,
in which the resistance parameter mismatch had a small and
negligible influence on the current prediction effect.
Therefore, based on the dg-axis current, MRAS was used to
identify only the dg-axis inductance, thus avoiding the under-
rank problem. [Results] Simulation analysis and real-time
verification were carried out based on Matlab/Simulink and
STM32 platform. The results showed that MRAS could
accurately identify the dg-axis inductance parameters. And
although the incremental MPCC and MRAS control models
need to set the resistance parameter, the mismatch of the
resistance parameter had less impact on the identification
results of the dg-axis inductance. The added MRAS parameter
identification system did not additionally increase the large
computational burden, and it had a better real-time
performance. [ Conclusion] For the four parameters of dg-
axis inductance, flux linkage and resistance of PMSM, the
incremental MPCC eliminates the flux linkage parameter,
while the resistance parameter does not need to be identified
precisely, and only the dg-axis inductance need to be

identified by MRAS.

The mismatch of the resistance

parameter of the MRAS control model and the incremental
MPCC has no effect on the control performance, which
effectively improves the MPCC parameter mismatch robustness
of PMSM.
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Ko ARCEEEF dg HlIEERIGEY 0.01 H,
4.1 HEESHITE

i MPCC 5 MRAS #8715 5 114 i BHL {8
5 AL PR B VE BC A, 36T MRAS 1 dg filiHg
AR EE A 9 FE 10 Fios

B9 EBESHITER J5MERPERER
Fig.9 d-axis inductance identification result

with resistance parameter match

E 10 EBESHLAR ¢ MHBRIHALER
Fig. 10 g-axis inductance identification result with

resistance parameter match
TE L MRAS BRI d g Sl F- B iR 22 K
M, ", H

ﬁ L(l,real - d_estimate
n= 1 Ldﬁl'eal 0
n, = x 100% (28)
i Lq_rezﬂ - Lq_eslimale
n=1 Lq real
n, = = x 100% (29)

A T AR real | estimate 43 51 4 HLSZAE . MRAS #f
PUH,

A (28) M (29) 193] MRAS HHRY d ¢
Sl RS R 22 AN R 3 B

FH 2% 3 A0, L P S 40 VE i i, MRAS 7] DS
X dg Bl A PG R R R A R

#x3 BESHTEN d.q HBEHIEHIRER
Tab.3 Average error rate of d and g-axis inductance

identification with resistance parameter match

"IL(I/% "IL/%

0.39 0.31

Kl MRAS 2 S0 98 HUR1 2 5058 42 DL IE 11
PMSM MPCC ZGPEREUNR 4 i,
F4 MRAS SEHIIFSHTE K PMSM MPCC 148
Tab.4 PMSM MPCC performance of MRAS parameter

identification and parameter matching

RIS HL IrLRMSE/A I(/J{MSE/A Juve/kHz
SR 0.924 7 0.806 4 6.25
MRAS #iR 0.917 5 0.812 6.22

Z17HT MRAS By MPCC, Rl IF 41181725
e RILELH MPCC, Z4031, sbi iyt i R 2R
A —HOR g, U 0.38% . ML AL R
MRAS £ 5t #EiR 19 MPCC 5 2 % 5¢ 4 VU e 1)
MPCC ¥ TR IEA A 2
4.2 HMESHKE

P14 MPCC 1 MRAS 55789 (%) i, S {1 43 53]
BB LR EN 5 A5 0.2 4%, LA 574 H fH
P MUNENGR N G E N S @M S
MRAS 1 dg %l R FFIR G R K 11 ~ & 14
JIi7R o

E 11 #EEEEA SR T d BB EIHAER
Fig. 11 Identification results of d-axis inductance

with model resistance of SR
HLBH S 500K B i, MRAS #E3R d g il HL 8%
IR IR 5 PR,
H13 5 ATAL, L BH S 80 R BC I, MRAS X d g
b P SR PR PR B AR AROR B iy, 9 T R B 2 8
DERCTE O T R BHR G R IEAAT Y,
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12 REBMEA SR T ¢ WRBHIALER
Fig. 12 Identification results of g-axis inductance

with model resistance of SR

B 13 RN 0.2R T d B EIHALR
Fig. 13 Identification results of d-axis inductance

with model resistance of 0.2R

Bl 14 EEFEMER 0.2R T ¢ HHEBRHALER

MBS 8RBT, 5 T MRAS By PMSM
MPCC ZGEPEREANZE 6 iR,
HL R S HURBLRT , 21756 T MRAS /9 MPCC,
[ 171817 S 8058 @ VL BL R MPCC, i) iy
R —BORINEER 7 iR,
R 6 HBESHKETET MRAS # PMSM MPCC 44
Tab.6 Performance of MRAS-based PMSM MPCC

with resistance parameter mismatch

Ha B 25k Iy rmse” A Iq_RMSE/A Save/kHz
5R 0.920 4 0.814 2 6.23
0.2R 0.922 2 0.813 6.23

£7 WHRERER—HE

Tab.7 Output voltage vector inconsistency

LB 25K ny /%
SR 0.49
0.2R 0.42

12 7 AT B R B SR BC A JE T MRAS
355 MPCC 5 HIBH SRR MPCC Y45l
RCRSEAHE Y, WA L e R AR — 3,

Zg LR, MRAS "G BER d g Bl S
B, EIR MRAS #= 6l B A T 2k B B S8, (1
LS UK XS d | q Tl A SR i) BE R 45 S 52 i 45
/N, MRAS 5 il 455750 L5 444 i =X Fb 37 0100 A5 784 )
RH 25502 B XA 78 0000 4% o) 4 BB FE A T )

5 SCHTMELSIE

BT STM32 B R HLF- 5, X & X MPCC 5
MRAS Z 5 HE R 13 5 50 MPCC #E 4T 52 I 14 35
UE, B AL SE PR 35 E S80S 5 AL S 5 —
2, fan Atk A 07 OB, Insk 8 R,

F 8 LEHENRE NS
Tab.8 Real-time test input data

%% K %%
Fig. 14 Identification results of g-axis inductance U 24
S by _
with model resistance of 0.2R q WZH /A 16.97
= R . d SR/ A 0
R5 RBEASHEKENdqBRBRIHATHRER R
%) d B SEBRHL A 1.14
Tab.5 Average error rate of d and g-axis inductance ) P
b2 g B PREL A -17.46
identification with resistance parameter mismatch . o
P i 21 d BB A 0.94
HUBL S5 /% /% ST ] g BlSERRFRL L A ~16.5
5R 0.11 0.25 24 A 25 T E A T/ (rad es7!) 167.56
0.2R 0.47 0.35 i 2055 - HL A BE/ rad 264.41
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$ PMSM il Bk B IR 10 000 K, il
RGBT ] AT 3 4R BOFEEEME A
STy i [E]

5 MPCC 5 MRAS S350t iH iy 3 i1 X
MPCC izf 7[RI %) Fb gk 9 frzs

£9 AEIKEEHIEITHIEIRTLL

Tab.9 Runtime comparison of different strategies

i) A s iz T E]/ms
i 50 MPCC 87.3
MRAS SR A3 228 MPCC 100.97

S PR 2 R R B, B8 4 X MPCC TE A
MRAS SRS | BEAERHE KA R, WA it £
A A U

6 Z£iE

(1) FETH N MPCC 53T 144 MPCC Y
PMSM # il P g B AH Y, (H 3 55X MPCC W] VA
PR EESH, AT HER d g Bl ORI E F L BE 3
MSH

(2) W TH R AR g Bl R S S8 d
R I P K TR 22 , ¢ Bl R L & 28 ¢
Al L LA R N 35R 2%  vL BHL 00 X 4 ol
RORFEATCRE W, ik, iPRHRR B LS5, it
dg SR THEN dg Bl TS S HL, b S H0
PR R Bk )

(3) MRAS Al HER dg i RS 5, BR
MRAS ¥ 6l 50 75 225 & L BH 280, (B i B S5
RBEXT dg il A SR B HE R 25 SR 2 A /N, MRAS
Jrs TR 5 34t e X b 9T T AR 78 %) Pl BHL S 50K T
Yo A FR P 47 o M BB S AR TE 2

s REA
Fr A VEE 75 BAAFEAE R 25 v
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