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Predictive current control of permanent magnet synchronous motor
based on online correction of mismatch parameters
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Abstract: Aiming at the problem of system performance degradation caused by parameter mismatch of model predictive
current control for permanent magnet synchronous motor (PMSM), a coping strategy based on internal model control
observer is proposed to correct model parameters. Firstly, according to the dynamic model of PMSM in rotating coordinate
system, the d-axis and g-axis current internal model control observers are designed, and the stability is deduced. It is proved
that the observer can estimate the d-axis and g-axis current change rate without static error, and the motor parameters can be
estimated online. Then, the optimal parameter estimation is obtained by Kalman filtering to reduce the parameter noise, and
the mismatch parameters are updated online after the optimal parameter estimation is processed by thresholding. Finally,
the proposed strategy is applied to three vector predictive current control of PMSM with mismatched parameters in steady
state and speed regulation stage. Compared with the similar methods, the experimental results show that the proposed
strategy can correct the mismatch parameters on-line and performs better in improving the current fluctuation coefficient
and total harmonic distortion rate.
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current control under rated motor parameters

SRS B AR R AR T, X L 15 e R
T AT (L 1.3 4%, AR AL T HUBON AT (B 20,
TR S - H BE O A B 0.5 0% ZEAR A SR IE T T,
Gas By Tq> wr XFFTHIRE R SEIRY 73 0 A Bl 6 (a)-6(e)
FI7s.

K EIS—6XF L mT UL, 2 LSR8 S S E
B KARZERT, d, ¢/l AR I B A BRI TR, atl i
ViRt R 2 S NI SN R

B/ (L5 A-F%)

t /: (10ms - 7}%1")
(a) afHHR

ia/ (0.2 A-H%)

t/:(10 ms-T%:’l)
(b) dfhH



610 B owo#H w5 N

g/ (0.2 A
1.5

t/E(IOms~1‘%E‘)
(c) qHhEI

w,/(0.51/(min-f%"))
1300

t/.(10 ms-*%"‘)

(d) ¥
6 T T T T T
X a4t .
2
S of 1
0 1l " 1 1
0 2 4 6 8 10
S | kHz

(e) affHEIFFTAE
K 6 HHLSHUAFEIRZE TOLU T = RBP4 i) 58
Rrp
Fig. 6 Experimental waveform of three vector model predictive
current control under the condition of motor parameter

mismatch

7E E5(e), A ELIAL AL YR 2k B (total harmonic di-
stortion, THD){E N 1.62%; 7E Kl6(e)H, AH R THDAH
H10.41%, HEZ1E3 7 H IS kHzFE.

e BT R R B T, BI748H T A S8R
BE AL IR 25 L, JF4h 5 BB W #3017
TEBI L. 7 FUEE B I 38 7 v, S HET
LN 85 R EE R Y B9, T DA SIS BT RN R St
(IHER FELBS 2. 1Z 70T LU RO B S AN UL B XS
bt RE R, PRIKMPCC TS B R B .

tal (15 A7)

t/:(10 ms-fr%:")
(@) ASCHRBE N BatH B

o/ (1.5 A7)
0

t/(101n5~$§*)
(b) LI

9 38 4%
-
<
S
S
t /: (10 ms - 1‘?‘;’1)
(c) ASSCHME ) il FLiAL
-
<
t /: (10 ms - 7[‘%:’1)
(d) HLBWINE ) ad %l IR
-
<
N
S
2 /: (10 ms - 7[‘%:’1)
(e) ASSCHME N gL
%
<
™
S
t/:(IOms%%: "
(f) FLBRLINE ) ol FELR
s
g
g
S t/:(lo ms-i‘é’l)

(8) ASICHME T L E

w,/(0.51/ (min-# 1))
1300

t/(10ms- ")
(h) FEEULINZ: fa e iE
17 FHLB AR 2 T T R E B = A B B
TAm SIS
Fig. 7 Experimental waveform of three vector model predic-
tive current control based on self-correcting under the
condition of motor parameter mismatch

ARSLHRHE R, b4, g, we KIBIE T BT (2)
7(c)~ 7(e)F7(g) FTw, HUBMIINYE (i, iq, 1q, wr S50



Hs5M

R RICS U E LA IE R R AP F LT e 611

WIS 7(b). 7(d) 7(E)F7(h) 7.

P 7R AL, A AU G PMIS MR 2 2 Fid
TR A R R IEAE . AR BT O D,
EJE I, g PR B A S )N, ak HE IR A IR AR P
A AT

N B A Bkt FL R O A, S
T AT VE I FETAE 43 # .

6 T T T T
X 4t .
&
<
> 2r 7
0 “ " __LJ 1 1
0 2 4 6 8 10
iz | kHz
(a) SCHHEHE FIFFTANE
6 T T T T
X 4t
&
<
> 2r
0 . P LEa s
0 2 4 6 8 10

SR [ kHz
(b) HUBMIME I FRT AR
Kl 8 atHHLFFTAE /470 e

Fig. 8 FFT spectrum analysis of a phase current

KI8(a) 1, #H IR THDAE N3.77%; KI8(b)H, #HHL
JTHDIE N6.16%. FE8(a)iii /B {E4 ~ 5 kHz,
RV B 2 AR IRl 6(e) KR FE B AR, T B8 (b) 1B U 73
B EEM1E0 ~ 10 kHz.

5 X d, g sl ZEA o e(50)-(51):

1 N
Aid = N Zl(ld(n) - id,ave)a (50)

) 1 X )
Niy = \/N nzzjl(%q(n) — lqave)s 51D

T ig_ave Mg ave 73N, qHIRAE LRI ia(n)
Mg () 73 59d, q BEFERFHE: N JUREE RS E
MIEIS-8 13 2 d, gt T BN R H L Seatfl i
IR AR R THD WL3%2.
%2 TOIE3F LT wif 508 A THD
Table 2 Current ripple and THD under three conditions
of Condition 1

Tl Aig Aiq  THD/%
1EH T 0.1046  0.1230 1.62
e T 0.2859 03107  10.41
PREEHILIE  0.1670  0.1682  3.77
Ry 0.1953 0.2162 6.16

HHZ 2RI LAE H, PRI 2 e R0/ e 1
BT (R FL I Bh R AU THDAR. AH HE T H BOW v,
PR 1)UL 25 A ABE 2R R T T 0 S o LA I8 T o
RO LT

T2 N HIE SN, 42 HHE 8600 r/min; 7
Mk RS EE R, B HON - mR 2|6 N - m;
KHEEFIANT, = 50 ps.

45 = R EEMPCC I 2 FAH LIS R SRR A E
SR, i, T, g wp S FET AT (1) S 56 3 % 45 il a0 ]
9(a)-9(e) AT7.

#
<
N
£/ (10ms- %)
(a) afAHEIL
"ﬁ R
< o
t/(10ms- ")
(b) dHIH
<
t/I(IOrns%‘%. D)
(c) qHrHIR
5
R
g
g
& t/.(]Oms-ff%;")
(d) ik
0.6 T T T T
X 04 .
£y
S 02t .
0.0 1 1 1 1
0 3 6 9 12 15
B | kHz

(e) affHLIRFFTAIGE
K9 HIHLSEONHIUE B LA T = Ok B RS IRN Fp i 47 ) 5
Krpoit
Fig. 9 Experimental waveform of three vector model predictive
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