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Abstract ; In order to solve the problem that current control of
the permanent magnet synchronous motor (PMSM) is easily
affected by factors such as system delay and parameter
mismatch, which leads to the decrease of current tracking
performance. Thus, an adaptive deadbeat current predictive
control algorithm with delay compensation is proposed. Based
on the traditional deadbeat predictive current control
(bprCC),

degradation caused by parameter mismatch,

aiming at the problem of current performance
the model
adaptive compensation method based on affine projection
algorithm is improved, and an adaptive current control
algorithm with delay compensation is designed. Finally, the
simulated experiments are carried out to verify the designed
adaptive deadbeat current predictive control with delay
compensation has adaptive compensation ability for system
parameter mismatch, which can effectively eliminate the
influence of system delay and improve the current loop
tracking performance.

Key words: permanent magnet synchronous motor
(PMSM) ; parameter mismatch; deadbeat predictive current

control (DPCC) ; affine projection algorithm
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Fig.2 Structure of adaptive deadbeat current predictive control algorithm for permanent magnet synchronous

motor with delay compensation

K, 20 0l 2 e PR 2 T 05 I B A 1Y
ACHERSETEY T IO A, P 5 114 k1 R R A R

G JEFEIT FY g Hl FL U PSR B 5 S R SRk
RSB S BN, PR BT R W R —

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



(EEZES

S5 <l A N M ) A3 R ) A L BIL 5 D22 1 R I N 4%

3

126 HE Dongwei, et al; Adaptive Deadbeat Current Predictive Control of Permanent Magnet Synchronous Motor with Delay Compensation

o RORAMEN 7B g B JC 2230 B AT
il &% (DPCC) 7% 1 A Ji $00 428 R 4 5 47 08 52
(q SRV ) , (0 B 2R A 1) A0 R AT ) 35 R A
B AR PR
2.1 HERMEREEBENIME

A SIE I M A4 S Y 1 D £ AR B A
o JCZEFAH R I S AR 2 (S) BT A,

. 1 7m
u (k) =—i'(k) + "w.(k) -
, (k) qu<>+ﬁwc<)

?{m@%)+ﬂka—l)—mw4M](®

KR, L, W, FEBLER AR 3RS FIARFR S 4L
BV AR 1 -R,T/L,.T/L, . T./L, o
TESLhriaf Tt B, AL S B AE R 22 , I L HL L
LPRE B SR o By SRR a Bu Y. ZIH
TEAEA 22, 8 8K 23 5 Wi G 22 30 Fi 378 10000 %) 42 il
R

P kB2, T DURAEARAS 0, (k) , Hid %
Ao (k=1)Hu,(k-2) . LT &R (4), 515 k
Bk 21 g fh P O S HAOASE y

i,(k)=ai,(k-1) +Bu(k-2) - yo (k-1)
(7)
XA w, (h=2) Ry k=2 B2 g flt 5 %

DL PR AL H BAE 5 0, (k) 1E 2 2% i
5% BT E L, U () A SEHHR
BRI AR LAl TH R (B B R ) .
205 SR Sk B, AR AT

i,(k) =~ i,(k)=dai(k-1) +pu,(k-2) -
yo (k- 1) (8)
Ao By S BB S5 o By I

a5 0, (k) Ui ST ST kB 20 B A 1
A

205 SR S A T Sk, B 2R (8) W]
R B+ 1 B0 g AN R A2
i,(k+1) =i,(k+1)=di(k) +
Bu,(k = 1) = yo (k) (9)
IER, AT LAME S k+2 2R g Sl e i
T 2
i,(k+2) ~i(k+2)=ai(k+1) +
Bu,(k) = yo,(k + 1) (10)
IR o, (k+1) ~o, (k) , KX (9) LA

(10) 00 k+2 2089 ¢ BhAG R T LR R
i,(k+2) =i (k+2)=a"(k) +aBu,(k-1)+
Bu,(k) = (ay +y)w.(k) (11)
[FI 3, T LA A5 3 2R G bR A Sy
i,(k+2)=ali (k) +a,B.u,(k-1) +
Butt, (k) = (a, + Dy,w,(k)  (12)
K a, B vy, WHHFRFRSEL
DUBRFRBEID Jy R F AR , 5 48 IR ) A6 5
[ R R U 2 TR, BT
u,(k) =Gou, (k) +Gu,(k-1) +
Gziq(k) + Gyw,. (k) (13)
WA (13) AR (D) LT
i,(k+2) = (& +B6,) i (k) +BGu, (k) +
(6B +BG,) u (k- 1) +
(BG: — &y =) w.(k) (14)
Sy SR S HCR ARSI | 38 M, 2
(14) B SHRRRBIR R (12) 458, P A -
(& +BG,) i,(k) +BGyu; (k) +
(6B +BG,) u,(k = 1) +(BG, —ay =) w.(k) =
ani,(k) +Bu’ (k) +a,B,u,(k-1) -
(a, + 1)y,0,(k) (15)
Sy TR (15) WEST, TP 2 7 0% B R A 3ok
Rishatws)
G} =5,/B
1 . R
[l = (8. — &B) /B
I:I 2 ~2 -
6 = (al - &) /B
(= [ay +7 - (ay + Dyl /3
L5 LR FE PR R RS E R, k2 1 220
fg i) BB FT LA S50 T 2 B0 A B T 4 s A
I FE4r 6 fF i 2R (8) L (9) L (10) FI(16)
JT
2.2 fFgHEREE
Sy T IR AME P RE , A SCE A ST 8 5
B RS R E R (8) ISL. LA k B 20 3R BF Hy
Wi, (R MERS B E S, T (8) Hr B H
PHE B BT g e U R O ST B B 4
U P 3 TR e (k) SRR S b
H LR G iR
AR 07 S5 5 B 1 04 B, G B /N 1 T 24
EEL oo

(16)

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



HUBLS RN, 55 51 4%, 45 2 31

Electric Machines & Control Application, Vol. 51, No.2, 2024

127

3 g MR R E RSN
Fig.3 Structure of g-axis current loop affine

projection algorithm

o001 = Ti(k) - x'(hek+1) ] +
Dotk s 1) o0k |

EM=MM>BM>&MHT
x(k) =[i,(k = 1) w,(k-2) -w(k-1]"
(17)

K JLOCk) 1R S A MG O(k)
55 k R RGeS R e (k) BRI 4
AESHEE A R — A 3x 1 4k BRI ) H e
OE S

SR A SR T B YA
SRR R T, R IR S R 2 T, 4
JLOCK) TAEX T 0Ck) (oBIE R %, 51 ANSUH F
o BTS2 8] 5 A S 2 i S 4 , [ 5
A 6 S I 1 81 2 7, 3l R I SR i 5t
P BRI B AT SR R
M%MM) (18)
+x (k)x(k)
Aorfre(h) A i, (k) —x"(k)O(k) 3T Sy B A I 5
<< | 1 << 4 B AR O S % 1k )
U™ R e BRI T 1, D SR R
s G 2T i

3 HEZRKESH

Y B UEAS SCRT B 4 75k ) n AP v
fiE, £ MATLAB/Simulink & | 45 #8t4)5 B A5 8y
Ay IAE, 5 R BOCHR[ 21 ] b 21 [ R e
FE I %5 ( Super Twisting Sliding Mode Observer,
STSMO ) F SCiE T 2 11 H, Y0 T 00 44 1) 8 0 1 A4 7 %
o (SCRRL 21 ] 54 SO (i I 98 0 4 5 BEAH ], 45
Faymg A7 D], PRt ) 7 8 ), PLSIEAS SO
IERYPERE . SCHRL 21 ] b BIr i it Al 42 1 553 25 4
W 4 Fs.

Ok +1)=0(k) +

4 ETF K STSMO Kjzgi PCC =l 45 H E
Fig.4 Structure diagram of improved PCC control
based on second-order STSMO

WA 4 Jrs, SCHRL 21 ] v i 4 il 380 i 1 T
ARSCHT MR RT G o B 2160 i G AE PN 2 3
TRy STSMO 1y ¢ i PCC, SCHR[ 21 ] 7 v&Ad
By STSMO XF 430 K g el Jai o3 o A7 Ak 3 A0
Ff , R AG S8 R A T R A T AR S
W) fefE FHI 0 B 488 55 R RD M2 R 50K 52 BRI 5
0 R 4R HE PN 2 25 1R JE B 1 4 6 4 (g Bl R O
W), 53CHk 2] o AR — (B R TH
)

H5E Y Ay 5 B R P45 4 (1% 0L 45 1) 3%
gt , U IR ALE S A AR E T s TR
SR BYERGA R , LA r LA 25 2R in 282
AFHETTEOLT IS EEEXT ¢ il It PR 4 i 2
M52 o DU 2o B 1 T e AL DA A A
3000 r/min 7S 3 B B B 1T, BB R
TRIAAEZS B R B B 1) 3l 2 e o 2 e R 2 A e
W B B ke A R B 5 E 0.3 s BF i 0.2 N-m
(7 3R A ,0.4 s I3k 28080 0 Nom Z0.5 s ffj
HLAE, FEEE A TR NN 8 B 1) 3 285 o by
REFIES S IR ERERE. P E P RAESIA A 20 kHz, g
Bhen e IR BRI 7, = 2.5 A, BUERRIE N u, ., =
BV, HHWHRSE N «,=09 (Q-s)/H,B, =
0.029 44 s/H,y, =0.000 33 (Wb - s)/H, [
BELTHE W UL U A B 25 E B &, = 2000, k, =
500 000, {5452 ik S LR n=0.4.¢ =
0.000 001, {5 B 1 fff Fj iy PMSM 2 % 5% 1
Fim o

R T A BTN IR S 850 25 T W RN 7 vk A R
EERCR SRR B I DL 53 A 8 Filr, 43531
MR, =2R,,(2)L,=2L,(3) ¢, =24, (4R,
=2R_.L,=2L.,(5)L,=2L ., =2, (6)R, =
2R, W, =24, (T) R, =2R (L, =2L_ iy, =2 F
(8)R,=0.5R_ L, =0.5L_ 4, =0.50, , X/ [F]F B

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



TR , 25 < 217 S S e 14 0 T ) A AL 1 35 7 D 231 L 00 42 )

128 HE Dongwei, et al; Adaptive Deadbeat Current Predictive Control of Permanent Magnet Synchronous Motor with Delay Compensation

(SRR B B AT L5

Ly, 1 g, BAUHL B PRI AT I O S HOR I

R AR IE A5
FLAS AT etk 07 B b QR MLAR 19 28K
AR 38 35 A I A o g A RR AR S R R, .

F1 BHSH
Tab.1 Motor parameters
e C ZHUE
HHLHBE U,/ V 48
ETHFH R,/Q 1.36
HAH R L,/ H 0.001 7
R L, /H 0.001 7
IR J/ (kgom®) 2.9x107°
ST RERE /Wb 0.011 228
BEARATEL n, 5

WA, SO (8 A 1 2 SR A o 2 o 7

FERSAS T Be Y ¢ SR bk 3, HARIA A
Aiq=J12[iq*(n) -i(n+2)]% (19)
K, (n) i, (n+2) 35055 n WOHRH S A

5 n+2 YORME(E s N O R R

AL A HH AR RS EL R, L, A oy, T3
BERHLEPRZE R, (L, g 09 2 A5 ), % b
R . FT R STSMO Yy PCC HARSCHr sEitJr
VB PIEAS LU S Bs o

5 FRNIEFT R R IR X B
Fig.5 Comparison of the speed waveforms of the

two control methods

M S AT LR Y, PR 24 B i 1Y
REE 7 0.1 s 72 47 3k B % € % W H 12 € 18
3 000 r/min;7E 0.3 s BF5EH0 0.2 N-m (410 25598,
0.4 s B AERFEFI 2SI E 0 N-m, XA BEF A ]
JiE R R A TE 85 v/min PNIEN, 7 0.38 s J5 A
FEAE 3 000 r/min, — % 3 J 8 1 DL 2 AT,
W, AT LA B 74 R I 00 A il AR — 3

e FIRBAT AT, P Oy 2 7 25 20
BB LA R ERASOR (g Bl R 2 X F L K ¢

e PSR LA 6 (7 I 8 B o

B 6 EF_ STSMO ) PCC E=HIFTMER
%I}ILEEEZR;‘&%
Fig. 6 PCC current tracking performance based on

second-order STSMO in the no-load regulation stage

B7 AXE&ITAEETEATMENBRERERMR
Fig.7 Current tracking performance by the design

method in this paper in the no-load regulation stage

B8 WA EEZTHRATHMEN ¢ HBRIRER
B EXTEE

Fig.8 Comparison of g-axis current errors and

control voltage between the two control

methods in the no-load regulation stage
2GS E, & 6 FE 7 1 0.000 15 s 3
0.002 5 s ORI AT LA H, AR SCRT 37 ik 1

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



HUBLS RN, 55 51 4%, 45 2 31

Electric Machines & Control Application, Vol. 51, No.2, 2024

129

i, VTR 224 0.000 5 s, 8 52 K 6.06% ; i
JLF By STSMO # PCC By i, 857 B i) 2 4
0.001 s, B &2 N 37.83%, MK 8(a) i
0.000 05 s % 0.001 s F1 0.04 s 5] 0.045 s FIjk
EIn] LAE A SCIT BT 7 2 0 q Yl el 0 B 2 12
Z—HARETE=0.08 A, HijJ& 0.043 s 4k g HlHL
WA 2 R AL I, 22T [ STSMO [(#) PCC 1 ¢
BT R ER IR 25 7E 0.043 s b YK K -0.07 ~
0.17 A,7£ 0.044 s J5FaE 6 +0.08 A, & 8(b)
1.0.000 05 s %1 0.001 s 1 0.04 s ] 0.045 s [
KEPE— AT, 55T B STSMO () PCC
FO A SCHT BT 7 A 1Y g il ) P, S g 3 PR
HAE0.04 s £]0.045 s BrBAfb T . HitbaRM,
HL 55 LTI DR R DG R, 97 ol F e 1 28 Ak 5% i)
HHIREEERE . B LR X HenT 0, s AL g
% 0.045 s IR FRAB DL T I LI RS B Bt
ZBY B AL AR S AR ES R 3, H S L s A
B REMAEL/N g Bl B VL Y BR e iz o A7 B H BH R
ZHH R 2ZZ 5200 . AH L By STSMO [y PCC,
ARSCRT T I 0 g Sl ) e AR W SGH
PR, LI R R SO B A e, I ELR R RN, U
WA SCRT T 7 AR 25 BE OL T Ref B PRetth b 2%
i, L 15 2 R F, a3 22 77 DR B S ) , B B 1 B
AN R 1 RE

2SR E W By, 2T By STSMO (1) PCC 5
ARSI 325 B HE IR B A AR L il R 2
XFHE LR g il R BT ] 9 (1 10 FnfE 11
Fim , H R BRI 2s 3AE OL T H AR M B
TR A M RE

9 ETFK STSMO iy PCC EEZHIZEM B
HIR R MR
Fig.9 PCC current tracking performance based on

second-order STSMO in the no-load stable stage

i1 9 IR 10 1 0.05 s 31 0.3 s F1 0.41 s F|
0.5 s WK E AT LLE H, 2 F B STSMO 1

10 A AEEZTHRENRMBRERERR
Fig. 10 Current tracking performance by the method
designed in this paper in the no-load stable stage

11 WHEHATEEZSHRENERN ¢ HBRRIRER
EHI B EXTEE

Fig. 11  Comparison of g-axis current error and

control voltage of the two control methods

in the no-load stable stage

PCC 1 i, 7E£0.1 A Paifeah (g B Ik SN bt
227 30.7 mA) s ARSI T AT i, 7£+0.08 A
Wizl (g Bl I bk sh PR EZE o 24 mA) o i [&]
11(a) fI(b)H10.05s #]0.3s f10.41 s 0.5 s 1Y
TR AT LA, A SCRF B I iR 2 4G L T
LIRS W B Y g b il vl s A A b, g Bl
TR B R 227 £0.08 A, fij 3 T — By STSMO [§)
PCC 1Y ¢ HM R ER IR 25 7E£0.09 A, IR
ASCRRBETT 7 20 g bz v A =S 4R 00 T
TR E B B R PR, A A5 F U i 3h A 3 B
Gp Al . e R AT A, LR R s AT By
B, q Hlie e N A7 W AE S BURBCRE A o 5
T STSMO iy PCC A1 Lt , A< SC R i it 7 ik fig
A BT I R HLAE B B A TR O T S8R e ok

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



TR , 25 < 217 S S e 14 0 T ) A AL 1 35 7 D 231 L 00 42 )

130 HE Dongwei, et al; Adaptive Deadbeat Current Predictive Control of Permanent Magnet Synchronous Motor with Delay Compensation

IR R M fE
U e

3 58 A8 By B, WK P 7R 0.3 s B 28
0.2 N-m A5 2R 5556 HAE0.4 s B 67 2055 2R I
%0 N-m,JLF .y STSMO i) PCC 5 A 3¢ fir i
TR AR N B i) F 3t R R AR L g T O R
ZEXNTHE LA K g il R ) e ] 12 8] 13 FE
14 JitR , AR B PR TE o R 0s A7 B BL e il 1 X AR
A HEL AL 1 R BES

TRUEPERERS 2 TG, HA

B 12 EF K STSMO f§ PCC ZEME M ERAIR TR
EREREIR
Fig. 12 PCC current tracking performance based on

second-order STSMO in the loading stage

B 13 AAT&IT A ME M R A R RER R
Fig. 13 Current tracking performance by the method
designed in this paper in the loading stage

A& 12 FE 13 7 0.298 s ] 0.308 s Al
0.31 s 3] 0.4 s (YRR EIRT LAE HY T FR 56 7 i
T HL I A R A G b e 1 45 R A A, i —
A HIE 14(a) i1 0.298 s 3 0.308 s F1 0.398 s )
0.404 s WYTICK B AT LA, T B STSMO Y
PCC 7E A5 0T B4 H 3 9840 B B, g il P 0 15
25 RARK,0.300 4 s AbiY g B IR2EY KR
0.19~0.06 A,0.4 s kbAYy ¢ BHELTRIRZY KN
—0.06~0.14 A A SCHT R TT 5 L 1 g il i
SR E £ -0.08 ~0.06 A, i[5 14 (b)
0.298 s %] 0.308 s 1 0.398 s %I 0.404 s [ KA
ATLLE 1, 53T H STSMO fi PCC #H L, 4% 3¢
FIrBEt Ik g b d AR A e BV .

E 14 FREEETEEMB N R ¢ MBRIRER
¥ H R EXT EE

Fig. 14  Comparison of g-axis current error and

control voltage of the two control methods

in the loading stage

F0  ASSCBET T ETE 0.298 s %1 0.308 s i1 0.398 s
) 0.404 s (1) q sl AR AL BV AR
TAE 25 72 B TR AR A BT AR A e 1) 0 25 W 7 A2
AE, LIRS IR 22/, W 3R X Ee o Hr T 6, F AL
PR IS AT WY B, q il R IR Y B e N 2 A B
HL B, AR SCRT T 7 A S 5O R SRl
EATAE LR M2 1 B 1 3 R o At R AR F %) B 7
2%, FL T R R R 22 I S PR

A 14(a) 91 0.31 s 3] 0.4 s AR B
INZERAR LT 04 L RS B B FL I R R PR R, T
Wi STSMO [J PCC 1 ¢ HliFE IR IR ER IR 25 7E+0.08 A
(q S GEMK SR bRIEZE Hy 28.8 mA) AR SCTiR T
T g A TR EF IR 22 AE£0.06 A (g il H 3L Bk
SPREZE R 22.8 mA) o HHE] 14(b) 119 0.31 s
) 0.4 s HEREW LA ARSIk 1 ¢
Pl e AR AR AR TR o PR I R B AR ST I
q Sl R AR A A PR, {45 F U IR I R 6 T
b G B R R 2 N LW a e 0= ) P
X T, 53T By STSMO ) PCC A L,
ARSI AR i K FL s L T BERS A 4K
WNSBURFL R R SR 22, R A K&
e

15 SR dl a5 T s R SR, L, A1
o SRR SECR, (L, Ty, 19 2 £50T,

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



HUBLS RN, 55 51 4%, 45 2 31

Electric Machines & Control Application, Vol. 51, No.2, 2024

131

O ST o By Al E AR B 9%
(OIHETEN

1P 1S AT ASC B i S HE &
7 8 ms BPSLTRAE (L1 0.961 126 (Q-s)/H,B
7E 15 ms AP TR 2 (200 0.020 8 s/H,y 7E
46 ms HHIEL TR 2 (24 0.000 23 (Wh-s)/H,
RERI PR ER R 25 o W RE PR H 8L T +0.05 A, i 2
WCHE AR Y 1 3 R SR, i AR
AHERIIE o

Sk FE 0 B UE AR SC T BT O ¥k 0 T AT B
LIRS BUREL HLAE , B T AR [ 2 50k i
P2 EE R (4 H 3 s R s 0, M RE L An SR 2 TR,
FHR(L) ~ (8) 50 SCHI AR 1 S 8K FL G
—3,

B 15 q#HSEHMEITEMEIRERRE %
Fig. 15 The curve of g-axis parameter estimation and

the tracking error

x2 WHESEZESHAMEMRSEREHBERLT ¢ BRREREX L

Tab.2 Comparison of g-axis current performance of two control algorithms in the case of parameter mismatch

in no-load and loading stages

S B In#Ep B
. I A i) Y 0.05 s 5] 0.3 s f10.41 s 5 0.5 s 0.31 s 5 0.4 s A ja] BEfY
7%@5’6 1/ o,/% AR BERY g TR K S Ai,/mA q W NKED Ai,/mA
e e By STSMO  ASCHTiE By STSMO - AL B STSMO AL B STSMO A3
i) PCC Tk i) PCC 1AWRZS 1 PCC MRS i) PCC AWRS
(1) 0.003 0 0.001 5 33.62 16.09 19.40 15.20 21.90 15.40
(2) 0.001 0 0.000 5 31.19 5.09 31.80 26.10 29.20 25.20
(3) 0.001 4 0.000 5 5.91 7.34 18.40 15.30 19.90 15.90
(4) 0.001 0 0.000 6 37.83 6.06 30.40 24.40 29.30 24.10
(5) 0.001 0 0.000 1 31.19 5.09 31.00 27.60 31.00 25.10
(6) 0.003 0 0.000 6 36.03 16.09 19.40 14.80 21.00 15.50
(7) 0.001 0 0.000 5 37.83 6.06 30.70 24.00 28.80 22.80
(8) 0.002 5 0.000 5 3.01 1.41 18.50 14.60 22.30 15.50

2 PRI L T PR O VAR S 2 B
FUINER B B i sh s i v 58 Sl IR PERE . 5
FTF Wy STSMO 1y PCC A L, 4 SCRT i 5 v
(1) q "l FL 3 %) RV () e, B R /DN, 7E 0,05 s F]
0.3 5.0.31 s 5] 0.4 s F10.41 s ] 0.5 s 3 =M} i)
By q BA ik sh /N, 3R, L ALAE 45 i
RIS EOR BRI 1T T, A SO i 7 i i
A H A N AMERE T A A H R R

4 £5iE

AR SCA o F R % ) P 52 A B ) 2 L L
BT 2R GEAFAE B [ SE I 52 00 £ () R, 1A%
GEJC A HL Y T 4% ) D ik At L, A ik pR 2 R

IS LT | S B R UL A ) R T R A TR R, B i —
FLA i Je R MEEARE IR B 19 205 7 TG 2 R I S 4 o)
Tiidio AT SR TR 2 R LR 1 ¢ A
AL T BT TR MRS K S 5 T HE
HEAT SR T AMES | {52 Z4UR TR W 1Y g Bl
MAEBN TSR FR RS, [ 45
WM L TF ) STSMO [ PCC 7k, A 3¢
PR 7 IR RS RV SRR IS B0 N et A 2k
S L P B B 25 e oz P RE U8/ L I R B 1R RS 1R
25 R T ARG E RN

2 % X o

[1] ZHAONN, WANG G L, XU D G, et al. Inverter

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



AR | 45 <15 S N M P A3 B ) A L 7 D22 1 R 3 0 4% il

132 HE Dongwei, et al; Adaptive Deadbeat Current Predictive Control of Permanent Magnet Synchronous Motor with Delay Compensation
power control based on DC-Link voltage regulation for nonlinear extended state observer [ J]. IEEE Journal
IPMSM drives without electrolytic capacitors [ J ]. of Emerging and Selected Topics in Power
IEEE Transactions on Power Electronics, 2018, 33 Electronics, 2023, 11(1), 862-873.

(1): 558-571. [10]  fhBEAR, SKEE, MRk, R4 KuER LR ki

[ 2] ZHANG X G, LI Z X. Sliding-mode observer based PLICZFA TR A R AN dl [T ], 5 R4k
mechanical parameter estimation for permanent (T2R) , 2022, 52(10) ; 2213-2224.
magnet synchronous motor [ J]. IEEE Transactions SUN X D, ZHANG Y, CHEN L. Deadbeat predictive
on Power Electronics, 2016, 31(8) ; 5732-5745. voltage compensation control for permanent magnet

[3] #lk, ZA, HR, & ETEE PIERS synchronous hub motors of electric vehicles [ J].
ARG R IR AL R I [ T ). sl Sl 224, Journal of Jilin University ( Engineering and
2019, 23(4) . 105-110. Technology Edition) , 2022, 52(10) ; 2213-2224.
CULY B, ZUO Y F, GUI L, et al. Current control of [11]  gkEk, ok, Bk, 28 FrAsiR 222 [ 36 N )
permanent magnet servo motor based on compound PI PMSM Jo22 47 i 0 2l (0], A L5 42 o 27
controller [ J ]. Electric Machines and Control, 1%, 2023, 27(9) . 157-167.

2019, 23(4) . 105-110. ZHANG Y, XU B, WEI H F, et al. New model

[ 4] ZHANG X G, HOU B S, YANG M. Deadbeat reference adaptive deadbeat predictive current control
predictive current control of permanent magnet of PMSM [ J]. Electric Machines and Control, 2023,
synchronous  motors  with  stator current and 27(9) . 157-167.
disturbance observer [ J]. IEEE Transactions on [12] JEmess, FEBE, S, 28 T REHR M
Power Electronics, 2017, 32(5) ; 3818-3834. P PMSM i BUR BCOFFE (T ). AL 4]

[ 5] CORTES P, RODRIGUES R J, SILVA A C, et al. R, 2022, 49(4) . 24-30.

Delay compensation in model predictive current ZHOU X 'Y, WANG X C, MA Z Y, et al. Research
control of a three-phase inverter [ J ]. IEEE on PMSM inductance mismatch based on deadbeat
Transactions on Industrial Electronics, 2012, 59 predictive current control [ J]. Electric Machines &
(2): 1323-1325. Control Application, 2022, 49(4) . 24-30.

[ 6] ROVERE L, FORMENTINI A, ZANCHETTA P. (13] Sufilis, X, 80, 55, JKREIRAD b 0 22
FPGA implementation of a novel oversampling FAR I A AR B L [T ], PEZE 30 KR
deadbeat controller for PMSM drives [ J]. IEEE iz, 2023, 57(4) : 29-38.

Transactions on Industrial Electronics, 2019, 66 FAN P Z, LIU L, JIN D S, et al. Optimization
(5): 3731-3741. algorithm of deadbeat current predictive control for

[ 7] 48, 2200, FRi. 7 aE R &M g PMSM By it permanent magnet synchronous motor [ J]. Jouranl of
TR B S [T]. Bl FHA, 2020, Xi’ an Jiaotong University, 2023, 57(4) ; 29-38.
54(12) ; 99-102. [14]  Z=WHE, B2KH. AT SPMSM () 4 16 B0 1 X0
TONG M, LI H W, ZHENG G. Improved deadbeat ZEFA TN AL PR P R (D] WRVLR A2 i (T2
predictive current control for PMSM with delay R, 2022, 56(3) : 607-612.
compensation [ J]. Power Electronical Technology, LI B Q, YANG J Q. Adaptive incremental deadbeat
2020, 54(12) : 99-102. predictive current control algorithm for surface-

[ 8] PBEEL, XUZE. BT WM A PMSM JEZ FPeE mounted permanent magnet synchronous motor [ J].
SR T B (1] o B 3 Joumal of Zhejiang University ( Engineering
2021, 48(4) . 32-37+44. Science) , 2022, 56(3): 607-612.

CHEN Y, LIU J. Non-singular fast terminal sliding [15] YANG F, YANG K, ZHANG Y H, et al
mode current predictive control of PMSM based on Robustness improvement of deadbeat predictive

disturbance observation [ J]. Electric Machines &
Control Application, 2021, 48(4) . 32-37+44.
ZHANG Z R, LIU Y C, LIANG X L, et al. Robust

model predictive current control of PMSM based on

current control based on nonlinear extended state
observer [ C] // 2020 23rd International Conference
( ICEMS ),

on Electrical Machines and Systems

2020.

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



HLHL

SR HT,
Electric Machines & Control Application, Vol. 51, No.2, 2024

B51E, B2l

133

[16]

[17]

[18]

[19]

[20]

EREE, 54, FEE, S B e ER T
KRG ALTE 2 i s [T ] AL S 4
4R, 2023, 27(4) : 55-63+74.

WANG X L, LI Z J, LI Z L, et al. Research on
deadbeat current control of permanent magnet
synchronous motor under ultra-high speed and low-
carrier frequency ratio [ J]. Electric Machines and
Control, 2023, 27(4) : 55-63+74.

ZHANG Q S, FAN Y, MAO C Y. A gain design
method for a linear extended state observers to
improve robustness of deadbeat control [J]. IEEE
Transactions on Energy Conversion, 2020, 35(4):
2231-2239.

DINIZ P S D. Adaptive Filtering: Algorithms and
Practical Implementation [ M]. New York: Springer
Science & Business Media, 1997.

MADER A, PUDER H, SCHMID G U. Step-size
control for
overview [ J |. Signal Processing, 2000, 80 (9):
1697-1719.

SHIN H C, SAYED A H, SONG W J. Variable step-

acoustic echo cancellation filters-an

size NLMS and affine projection algorithms [ J].
IEEE Signal Process Letters, 2004, 11(2). 132-
135.

A, B4, VBIE. KRG LR AP HL BB
HEBIN AL AE R [J/OL ], A pLS fi 24, 2023-
08-06. https: // navi. cnki. net/knavi/journals /
DJKZ/ detail? uniplatform = NZKPT&index=1.

ZHAO X M, YANG M D, JIN HY. Improved predictive
current control for permanent magnet linear synchronous
motor [ J/OL]. Electric Machines and Control, 2023-
08-06. https: /navi. cnki. net/knavi/journals/DJKZ/
detail? uniplatform=NZKPT&index=1.

ks H 1. 2023-09-03
W Be ook B 3. 2023-11-15
TEZ A

WG (1998-) , 55 WL 0P 5E A=, F5E 07 1) 7 i ) A0

FEL A%, zengzhiwei38@ qq.com;

*

I 4

AFVER o) (1985-) 55, Wik, B2 WIS O
B RISE , yzak_juel@ hotmail.com

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



Adaptive Deadbeat Current Predictive Control of Permanent Magnet

Synchronous Motor with Delay Compensation

HE Dongwei'* , ZENG Zhiwei', JIANG Xuecheng®, CHEN Wei', LIU Lisang', CHEN Jian'
(1. School of Electronic, Electrical and Physics, Fujian University of Technology,
Fuzhou 350118, China;
2. College of Physics and Electronic Information Engineering, Minjiang University, Fuzhou 350108, China)

Key words: permanent magnet synchronous motor ( PMSM ); parameter mismatch; deadbeat predictive current control

(DPCC) ; affine projection algorithm

In order to solve the problem that a deadbeat
current predictive control of permanent magnet
synchronous motor ( PMSM ) is easily affected by
system delay, parameter mismatch and other factors,

which leads to the decrease of current performance.

Thus, an adaptive deadbeat current predictive
control algorithm with delay compensation is
proposed.

Firstly, aiming at the inherent control delay
problem in the actual digital control system, the
control timing of the current loop is analyzed, and a
deadbeat current predictive controller is designed.
Secondly, in order to solve the problem of current
performance degradation caused by parameter
mismatch, based on the g-axis current control model
with two control cycles, this paper introduces the
affine projection algorithm, redesigns the model
adaptive

Finally, the

parameter  identification and  model

compensation calculation method.

simulation results show that the designed adaptive

deadbeat

compensation  can

current predictive control with delay

effectively  eliminate  the
comprehensive influence of current control system
delay, and has robustness to system parameter

mismatch.
The simulation model is built on the MATLAB/
The method

designed in this paper is compared with the improved

Simulink platform for verification.

deadbeat current predictive control algorithm based
on the second-order spiral sliding mode observer
(STSMO ) (the g-axis current of the two control
methods adopts the traditional PI control method) to
verify the performance of the proposed method. The
simulation model is a double closed-loop control
system with PI control for the speed loop. When the
motor starts and at high speed runs stably, a step is
given to the current loop to test the influence of
parameter mismatch on the g¢-axis current loop
controller under different conditions of no-load and

loading.
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