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PMSM position tracking based on DOB and backstepping time-varying
sliding mode

Yan Hongliang Li Feiyan

(School of Electronic Engineering, Xi'an Shiyou University,Xi'an 710065, China)

Abstract: Aiming at the contradiction between the large position tracking error in the traditional backstepping sliding
mode position servo system and the contradiction between the dynamic response and the chattering suppression when
the fixed sliding mode surface is adopted, a composite control strategy based on disturbance observer and backstepping
time-varying sliding mode is designed. Firstly, a state variable is introduced into the traditional exponential reaching
law and an adaptive law is designed. A new variable exponential reaching law is proposed to improve the response
performance of the system. In order to further improve the convergence speed of the system in each stage, a time-
varying sliding mode surface with online optimization is designed by using the idea of ergodic optimization in predictive
control, and the stability is proved. Finally, a nonlinear load disturbance observer is designed to estimate and
compensate the disturbance of the system. The experimental data show that compared with the traditional backstepping
sliding mode control, the steady-state error of the composite control strategy proposed in this paper only accounts for

9/17 of the traditional method. the dynamic response speed is improved by 30 ms, and the anti-interference

performance is obviously superior.

Keywords: backstepping control; position servo system;time-varying sliding mode;reaching law

Ell

JK #E 6] 2 B, Hl ( permanent magnet synchronous
motor, PMSMD 4 72 I T4 i K HLas N 450 o
7 B R B, H R S8 B AR 7 R Y K (R 2D E AL AR R
ARG 5 Z PIHMEBAH E TP N IS EE s s m , 15
A7 BRSO R R0 I N R A M BE R AR . B X Ut ) R AR
TRl 2 T A% 22 1 O ok, 0 R s o v A R L
AR TR s o A

=
=]

W H 199 :2024-04-25

e 86 o

ST s 0 g 3ok U O T ORI B 0L S A, 3R S R AL
o7 B IR B R T A A . SR RO R TR
TEAETE T 8 P A AD R e 0 1% L F J6 3k 5 A PMSM 3K
AR EPES L L, AR 22 S 0 S 50 e R b
B B AN B AR A 25 AL 3T A AE PMSM #5 l &
Gerp 0 SCHRCO DT B BRI T — ol S 7 T AR A A
HRARA T RER SRS TERE . TR0 DK S 7 e 545 i
N FH AR AR I R G5 o L3l g B R B IE TR 4R O i T
1. (R WTH ZERE 5T h 35 R AL Ge 48 Boka i 2, K 2% 18T



I

R % ¥ AT DOB A s et % R A6 PMSM 45 K 3R 37

1

O BRBR e RT3 25 5 S 1 3 AR L AR ME R T AE SE PR
J TR RHR A E N SR BRI 2% R
WOy sess, Horb @i & HEEMN T R, T L E
AR R e R R )8, SCERCIL AN 12 Xt 1 i A7 ek
HE P 3% 2 o AR TT G R 0, Bt ot S i T R R
2L ARG T RS LR, ST TR e 3 3w p
BE o AHAE B3R T vk v, A3 U 0 0 [ AL

K A ) RAE M S Be A i e Iy . it — 4 Tt
RGN G EVE, O A 58 B i) AR Fe A5 TR e 4 o B R T R A
T AT B B r et ] BRI 45 30 S A A TR o A — A 5
ok 92 8 AT TR S TR BT L, 7E B RO BR T R I B, ROA R
FRTET FR G B 1 B 25 3 R A B R T R
A AR A SR PSR i 38 1)y T ok R A 1T 2 B R L A 4K
AT RGAL TR B BB R] AH R G ST A A

SR T 47 o) LA E A T B 2 T B L 2 A e
PR AR A5 T L AR 2 S 1 O R AR Ee A o O 58 i
RO HA TN EhTa SR

T UL B M AR SR $2 T K # [ 25 v AL A7 AR IR &R
ey B EREEAS BE Kbt TP B 3T T — S B0 i e
JEEAR 24 ) S0 5 4 SR W . A A% 9 S T T A o
BLfill b 51 AR BT R T B & R AR, et — ROk 2R 4
BOB AR 0 BHIR OT 4R w5 R G s A N R 2 4R
150 2R G 1 ST SR A TR TN ) A SEUARL BN R 9
i p B R R MR SR T RGBT iR
B AR 2 PE 38+ 0 W I #§ (disturbance observer, DOB)
X RGHATM S AME . B JE W Ay B S 5 5 e T 52
52 G T SR s ) R AT M RO A

1 PMSM # =48

K i, = 0 RS, PMSM 107 B 1R IR R G p il .

D= w
T, (@)
& = b, Jo— 5
X 3 R N p
Iﬂubzzifo B0 K 0 W W1
T, — o
f— b B T, (2)
T, = bi, ]12 7

T L LZE S B A 77 22 37 31 N 3 S B sh A A T
P fEf R tEfeE 2. Bhlngs tite
XA DL.PMSM W sh#& iR 2= TR RR N .

3

B
T, = bi, *T:rz + D

2 RIEMETEEESSRET

2.1 RIRBRIERRIZI
R B s o R T RS

FE L PMSM A9 o7 B R R iR 25 0
e = Ty — I (4)
K. o, ALRBREGES, 2., WNBRERS.
TE SO R T 28 G0 2 A 1 5 pRACH -
1

vV, = 7& (5
X5 KRG IR A (DO
Vv, = e, (T 1,y —x2) (6)

‘i,l X2 :l'"m/ +]11€1.(h1 > 0) Hd"ﬁ]‘(ﬁﬁ V] <Oc
/‘\HES(}QE*W\/}R% 1 =T 1y +hie, ’VE?‘]%EE‘JEE&% g%’
EIﬁ%SLE%%% ezj@:

e, = f1—x, (D]
ZE B RGIRE MBI AT RN
éy = _hlel+62

. (8)
{é'z :[]*(AM*JEIZjLD)

S DRAUE e TG A B 2 8 R 0L 42 o ik ) T R BB L AR
SCHEJE T AR GRS 3 R 9 547 1 SR s

G AR SCR TR WA TR 308 3 5 | B0 U s /0 &
GERRR AR ZE T IO B I

s = e, +(71J€’,2dt (€D)
ik RS ER IR
$ = —ksgn(s) —gs (10)

AT B B 2 A B L W s A S i S I
YEH . % SEBEERMTIBIEEE £ A g SRBIE R SR IRK
SGHE XA S R G BRI . AR SO g e i S S
PR =2 8] A9 27 &, B0 T AR Fe Bk T

§ = —kitanh(s) — (&, | x |+ ks (1D
KA CREZE v =e, kb ok, WHIES, ST EEF
TR ZASZE &, 76 4 30T B B pi bR 25 28 2 00 48 85 101 3 [R)
b 2, FH S IE Y eR B B AT S pR B, D T R
BHE .

MR 2R G AE FA T B BB IS0 B L 2R K
BP0 e 5 (R RGP e 38 35 & S B R 4l B A B R
B4, Mffe bl 25 0 B A8, X £y IEAT AN R R

/elz\s|£ s | de (12)

0

Ao >0, kb, BEEEH oK EUE AR AR fb, B K
PRZE, RG2S /AN 22 L /N 25 I P

SO K G, I (8) (11 8 AL H P45 45
BN

u = [kitanh(s) +k, | 2 | s +kys +]£w —D+F +
Clezj/b (13)
A w BaRBEHIARA R LR ¢ B E R,
2.2 HETBEEASET

WA A PSS W B2 sh B Be . 76 83 By BE i, 1

o« 87



5 AT & v F o

T # K

A i 5 I EL A 8 AR SR A A B PR Sk B R T L Y fiE
I3 T SRS IR a2 ) 45 L (5 1 2 R 5 7 A R A T
b A PR A S B T E R T TG ik R B RS )
I 220 R e SR R T 42 ok BT R AT B S T
aod 3t 1y <3P OR T S5 I 2 B fr L i Tk . PR AR SO AR
R TN 7 L 5| D SO AG SR BTt — e e A 9 A
TS A R GETE AN AR SR R0 e e L T B T S 40 f i R
1) M) SO
K PMSM ) e it 23 SRR 2 B S -

T,
wk+1) =T, - [32]7)17(1%)*]5(4)(&) —]—} o)

14)
SE ) I BT Y R AL e M TR AL S KL
A, DU 7S A THT AT R

Y =e, +/\,J.ezdt
5 14 2% 0 B HH AR R

B
wu = (ki tanh(y) + £k, | x | (}’)+k3(7)+7w*D+

(15

FitRe)/b 16)

W LI BRI S 8O BT

B R RPN IUE X E] (a6 1530 n(n B HR
BOES/NX R La sm, I Lmysmy ] Lm, 001 433014
A ET ERIKE Y 2+ 1 A3 FHE, A Q6) 15 2 AH B
B n+1 NEHIRR A e, B+l A4 o BESH QD P
B @ g » B 241 A 2107 2 50 R 0 A9 4% 3 I @ i)

TE A, BBUE G, — 8 AR FE— A A {45 57 3 Tl
B 50 B F R G0 & 2 [ AR 25/ . BUSCAS o6 2L
g HM:

g =1 fi—wun | (1n

B MR R BUREE @ A Eom, o, B AR R (B
/N BB Y AT R T S R BOE S8 AL
m ] OB AR T S B o, R m, B RS R B K
N BIRT R AL AR X R

5 A IRUEFT LAY AL B S L 1 X R AR IXC ] i
B T = HE AT AT 4 BE . 7T A5 B A 2400 T A T O oL A AR

(18

g tal
T AT AR A T .
u = (kytanh(y) + £k, | 2 | y+k3y+]ﬁwa+fl+
Ae,) /b a9
By Ul e Y R i Il R o o B
U,y jj:

B .
U,y — (kltanh(y) + k, ‘ X ‘ 7+k37+7w +f1 -+

Ae,) /b (20)

¢« 88 o

2.3 FEMIER
R i) i 2R AT R R M A AT L M s S R PR

1,
Vz :V1+77_ (21)
g ARG IEX LRk S,
V, =V, +77 =V, +7(—k, tanh(y) —
(ky | 2 |+ kD)7 <0 (22)

P AT Rt e 2R 5 R i R A E Y
TE RS HCRAS TR X e 3 152 2 9 Wi S0 B2 645 23 A 4 o S
24 T A 220 00 5 22 1124 i I 200 2R 25 A

{ezw—l) - fl(k—l)  Waetn (23)
e = [ —waw
g FA AR 2 R,
Cork+) fl(k+1> T Wt — f1<k+17 -
. . B T, )
Ts l:blqun) 7Tw<“ - Tl:| — W — fl(k-l) -
Sren- frw opt
Ts |kitanh(y) +k, | 2 | 7+/€37+T7+A, el —
s
we = fio — Ts [kltanh(7)+kz | x | Y +kyy TL/UMQ] —we
24
BTG .
Cokt1) T €200 _ *k,tanh(}’) —k, ‘ . ‘ Y — kY —
Ts
A e (25

A3 b X T AR B BE IR I 1 A TR S 40T AT Ak R T
R MWSOERE . 75 T 72 W, AR bR RO 2R 4 0k U
TS —k o . 27 PR U R AR pRELIR & 2 ik
A B SR TFOIN(E 5 0 004 1) A =2 B] IR 25 e, J /NI TR A T
ZHAE ., FERITE s, b2 25) AT R, i R G 5
WD, A Gat Y SRR E W BE S 8RR,
MAGRIRZWEE 0 MHE B AW AN, RE W H iR
A T R E T AU 4 B O, 8 0k AR PR B SR
AP VR PRA B TG 5 0L o 2 M) R 25 e NI

F AT AT J) 0 R O T LA VR S S 6] IR 8, AS [ A 437
TE 5% B, A 3G i 78 SIMULINK H L5 5 037 A5
5 R E 3% A5 5 o0 B0 I BT 30 6 AR VAR 1T B 2 BOBUE S B
IR AAT . 1SN e2 I AR 1B 1 2 800 1 45

MEHBFTLLE L FE 0~0.025 s I, &G4 T 80 Hr
B A mAREEBUENE R LR, 2543025 R 2EW
AR MR RGNS, FARESZF. Y e,
A 4 T (38 RO, 7 S e A BB S PR 1) I PR S i 132
22 7R AR K DT A 5 R 22 R S B Y e
B4 X (78 /N, 37 S e A U S PR Y T BR B O i 1%
25 W AR AR AN, DT (1 54 TR R 7 B H004% o £ O

3 FHBWFiit

BT AR PE T 30 0 28 X5 D 647 W 5 %t & 5L k47



% % 4 AT DOB Fo 5 B & 7 4569 PMSM 45 & 3R 3% 5511 )
400 U= U, Tty
200 = (kitanh(y) +k, | 2 | v+ kv +
9 0 pt
Tw +f e A /b
200 . (32)
-400 : - s ; __D
0 0.05 0.1 0.15 02 U = b
i [)/s ’
@ ish 2l AL
(a) 2 curve I
t2r LT SO0 25 0 T8 I AR 9 A o ) PMISME {3
1 Al iR R G HIAE A 18 2 BR .
g: 10 u it
~ S R w a e [ PARK
0 _H u ‘ ‘ ‘ ‘ ‘ ‘ ‘ N bEg et ! PIHLIEIR > 3iAsie
f; E 1 T/"um u, T vV v
) 0.05 01 0.15 02 T | |z i;=0 SVPWM
i [)/s % 5 “j*“
(b) AT B 2 g
(b) Parameter curve of sliding surface 113
1 o2 1A SR I 2 4 2% _ B %ﬁ&—zﬁ_ PMSM
Fig.1 €2 and parameter curve of time-varying sliding surface T ULBN LA S AR S S el 25

T, W R

Jf) =l+kx,
(26)

B
X+ 71'2 *bi,,)

T D BOIAE L S A &, &, Ry = 0)

[z:—/elzwel(—k

K. D WA

BB URIE 3R
R R G RRE , X I R 22 B S S EAT b,

ST 5 25 Ay
:I} —D D

,/Tn‘I_“HE ‘D‘<d djg:”:J\ ﬁv%é
fﬁ(28)%:

K@D

ép+kiep =—D (28)
fit— B M oy O R L 15

ep = epwe J —D e ‘/ dr (29
mAH .

lep [,oeo =0 (30)

S 31D U WY I 5 22 WAL S5, WL e A 7E
LI ) D 28 3o 4 3 46 25 5 » 1 R FL

. ARSCHOE £E R 70 RN EBEEHI u,, .
Uy = D 31D

b

25 b AR SO B A A A i i A RO R

K2 ASCueit B4 R 1Y R g8 1 i AE
Fig. 2 The system control block diagram of the composite

control strategy is designed in this paper

4 FE5ZR

4.1 HESH

Shy B AIF BT B 4 ] R0V B4 AT AT M R A M L o AR SO AR
AR R T S O I 5 R S T I AR R o B A2 o 3R
W A% 495 IS M A4 o O s B SCik [ 12 ) Jor 4 s ) 386 F el it
MR BT EMIELE TGN E S B K KE
SIMULINK #4745 5%t e . BT LS 5om 3 1 FioR.
55 I B A CRAWEARTE N s = ce, +e,, BT
FEGEREBEE AW SHN BEA K, = L X1 100,
K. =RX1100;¢ =500,k =10,¢q = 100; A& &I E &%
H 2B S HOR B ERE b sk, = 200,k, = 30k, = 100;
e sh W TR 1 S50k, = 600,

R1 BHUSH

Table 1 Motor parameters

75 25 HHH
1 E F HLK 0.006 65 H
2 JEFHLH 1.84 Q
3 Rl BE 4 R A 0.001 Nemes
4 X £ 4
5 I T A i 5 0.32 Wb

DI D IE AL & A5 iR
BEES N0 = 5sin(20me) . M RREG R W
RS ) 2R G A 405 L 5 T 98 4 3o o STk [ 12 ] B i O ¥

¢« 80



IRV W a

T # K

FRGRIEER s M HE 2 3 7n A SCBOTT F il SR s RS 45 R .
3 b7 v B IE %A B B X A 3 B R 18T 4 S IE SR A
LR BR T LU 1T B0 90 0 DX OB OR T 7 R 25 L A AT 5
B

EZMBRESAE

= -« A G I 5 P R 1 SR s
£ - AR A ks
%é’ — SCHR[12] 57 & 2 il SR wg

i

&

002 004 006 008 0.1
I 81/s

B3 IE SR R X L

Fig. 3 Comparison of sinusoidal position tracking

3¢ - EEMEE A B
- He 8 SR R 1 S0 .
B | - AxustEanbigw 0
i 2 SRR =
m _ >
B // #
& ! "

0.004 0.006 0.008 0.01

B [a)/s
B4 7 B BRER X LR

Fig. 4 Position tracking contrast enlarged image

0.002

S S AT A A 7 LA 2R L 1R 3 A R S — A A Y
7 i R PR, PR ehml DA L 3 42 o) 356 et 24 RE e 110
PR B ENEAR S B4 N E B ER X i 2 e 0~
0.01 s AR P AT AT LA 5 07 A% ¢ 2 188 90 A6
TE RGN SCHR 1207 R B RGN L A SO R &
) 7 v BE SR 25 R 45 o B LI L WO AR SO A2
4 Tl SR Y 2 G R 20 A 1A R BB Sl A i
FI AR

1

- A G5 SRR ] SR e
g A - RSO E A I S
?ﬁ 051 . — SCHR[12] 5 38 23 1 s it
g-g 0
0.5 : ‘ ‘ ‘
0 0.05 0.1 0.15 0.2

i ) /s
F 5 IE5% 7 B R ES IR ZEXT L

Fig. 5 Comparison of sin position tracking errors

&5 Sk A 09 P8 G R iR 2 e L e 5 T
3 FES Tk BA R AR R 22 I o B R i e =X
e BB EH RGN IREN 0. 76 rad, AR E
JE N —0. 15~0. 15 rad; XHEK[ 12 R RE MR R IRZE R
0. 76 rad, £ 0. 02 s B 7776 B @ O IR 22 3 3l B S IR 22 TE [
J—0.09 ~ 0.09 rad; AR SCW IR GIRER
0. 73 rad, tWAEGE 7 I SCHR[ 12 107 080 T 0. 03 rad;
BARZEMTERE 7 — 0. 06 ~0. 06 rad, 157 2% ¥ AL 5 15 G 1%

. 90 o

ZIWE R 2/5. 5 XER[12)Fr 5 LR Z W EW 2/3, =&
M2 A SCBET ik AR AS IR 1 22 W g ydi /N .

o 4 G5 08 BT 11 2%,
800 - AR SO i 2%
— SCHR[12]98 B ith 2%
600 A SOV R 2%
% ‘2‘22 PG | )12 98 2%

-200

0 05 1 15 p 25 3
i [)/s
&6 B i Ze Xt Lt

Fig. 6 Comparison of sliding surface curves

& 6 AL e v i A, SCilk [ 12 ]33t i A5 T A A S
THI AR R 43 1 AL TE (Y Ml R X L B, NI il el B A%
¢ AT R SCRR (12 1950 T A TR 1) 31 91 R A 22 5 A SO
BT 118 90 A5 T 5 A 7 A T A L AR A B4R T 05
AABERBHRIDHIRE T .

{5 & )L RE S IE

RAEBENMERE SN 0 = 5sin(207t) » 7E 0. 175 s W}
RGN 20 Nem BB ERTHAE 5.

o A G5 ST I A ) SR W

121FrR - ASCEHE A SRR
ig‘r%ﬂﬁvz?i — SCHR[12] B 48 42 il SR it

AXBIHEA P AGRERE
| SRt ) SR Wt

0.24

e
o =
® o

(=}

BREFIR 2 /rad

|
o
- o
>3

|
f=1

0.17 0.18 0.19 02 0.21 0.22 0.23
FF /s
B 7 BritrkEsext

Fig. 7 Comparison of anti-interference performance

B 7 R 2 g )a i BR R 22 N R AT LA H L 28
TN B o AL G 5 TR ] SOk [ 12 19 i 3R w5 A SC ik
VI A 15 1 S 1) B B R 2 ) R A R AR A B T T A A
)3 s AR 2 B B0 S 1 22 il 2k P B 2% . 7 30 ms 1Y
WHA A RREFRERS, CBRLI2IEITRE T
20 ms [T R) T BT IK R AR, A SR E &
FIRIETE 2 ms FEFKEZRES, HMMEE2REF AL
BT I ik IR 247 B /N F oAb w5 Fh o k. RTHIERR, AR 3
Wi A H SR T IR ) ok

gi b U JBUE R W, 5 4% Gt v R4 T R 4 S
Bk L1242 00 3k F i afE v A b A AR R E TR AR 1 &
A A AR LG N AR SO O i 0 R G B R R
T Bl e R, HBe A AR R A
4.2 SLIGIEIE

I UEARS SCRT R 1 & A 45 R IR R 58 AE 52 bR g
Al R TR A AL R R AN BT A R & 9 RT-links 2 5244
HVP AT, G FE M R EL . E



HAE% 5.4 F DOB g T H A4 PMSM 15 B 3R ¥

511

YRl I A R K Sl A L AL S AL AR B Sl R AL A B
AR HLA R, BRI A 8 B .

B S O EL

BasEe] ERAEAL
1%

L

T MR

8 HLEFEMKF

Fig. 8 Experimental platform photos

SCHG 1) IE FE A B R
BN EAE SN 0 = 15sin(0. 57)

Pl 9 Ca) Ay 1 e o i A 42 ) R e R A o B e il 2k
. o e v

B
E
o8
]
d

N - a—r 0 315 _ .

36 37 38 39 40

i f5/s
(a) A& 8 SR VR 1) L B B Bt

(a) Position tracking of traditional backstepping
sliding mode control

0. SCHRL1 21738
L MBS ERS
E
&
B
B
F=
220 36.5 . 370 375 | ,
36 37 38 39 40
i [/
(b) SCHR[1 2] 2 il SR or B B R
(b) Position tracking of control strategy proposed
in Reference [ 12 ]
20 AICBH A R g
frESERS
g0 / |
1 .0
g o
i 125
& ol
O B N , ,
36 37 38 39 40
I} [/s
(o) ALH S A1l g r B B ER
(c) This paper designs a composite control strategy
for position tracking
B9 3 A il O kA A5 o B B X LE
Fig. 9 Comparison of steady-state position tracking of

three control methods

B 9(b) ek 121 RE MRS A E R M2, B 9(o
kL FHAS SO 1k B R SRR AS A B R i £ L K 1B 35 o 7R
37 s ZEAT B R R A

e B W] AT 3 b I R AR 37,5 39,5 s 2 A BREE
PERER 2. IWHCRIE AT & R AR SO ik R R th 2 5
o 5 i R SN A L o B R T RE A AR

B 10 oA 3 sl O 2 iR S B B R 25 SR X L A
AL 10 Ca) R 51, 4% G5 F2 80 v 548 o1 00 B 2 R 22 YU LR
—0.85~0.85 rad, HHE 10 %0, 3CHk[12] 7 EMRE
W2 —0. 65~0. 65 rad, HIIE 10Ce) AT A1, A& ¢t
IERFAZSIR 2L FI N — 0. 45~0. 45 rad, Hi% 25 75 F X
ARG IR 9/17, 5 SCRRC12] 5 60 9/13, MILZ T,
AR R A HIR G REN RSB EER . 0 H M E G
AL AR ST O ok 0 B B 1 22 i 2 TS 0

2 -
] — ARG IR TR
B v
- D N
sy \ /
E
_2 1 1 1 1
36 37 38 39 40
A 18]/
(a) 1RG0 IR TR RE R | BR R R 22
(a) Tracking error of traditional backstepping
sliding mode control
2
| — SCHR[12) T 38 2 i SR s
= 1F
ﬂi X /\/ N
(1] ——_— Ly
i WV
B |
,2 1 1 1 ]
36 37 38 39 40
ERES
(b) SRR 124 42 ] WS BRER IR 22
(b) Reference [12] proposed control strategy
tracking error
2F
— AR A Hng
T
N
Q'E O N
Bl
,2 1 1 1 1
36 37 38 39 40

i ] /s
(0) AL A s ] g B R 22

(c) The tracking error of the control strategy designed in this paper

10 3 Azt Oy L RS A B R IR 22X L
Fig. 10 Comparison of steady-state tracking error of

three control methods

P11 Sy 3 A 4 i 07 05 2l 45 04 Bl 25 R i JRE S LE TR,
B 11 Ca) N 8 S I B ] R GETE 0~ 1 s B BRBR R 2
i £ A5 8 S I I B4 T R GEAE 0. 15 s I 07 B R R 2

« 9] .



5 AT & v F o

T # K

FELE O B, REE AR, IWE 11 (b)) Al & i, 3¢
BRL12 A 0. 15 s AR GEHEATRA . I 117
ARSI A 0,12 s s AT R G B AR A L
FABPIAT7 ik, s A B B T T 30 ms.

50
— 1R G I IR VAR 1 S
B
i 0
oK
.
0
,50 Il 1 1 1
0.0 02 0.4 0.6 0.8 1.0
B 8)/s
(a) 4 G5 IS T3 R A i SO 3o 8
(a) Response speed of traditional backstepping
sliding mode control
501
— SCHR[12) T $ 42 i e ms
=
9
KoooF
-
o5
750 1 1 1 L ]
0.0 02 0.4 0.6 0.8 1.0
ENS

(b) STHR[1 2] 78 2 ] S e o[O3k 122

(b) Response speed of control strategy proposed in reference [12]

50
- — RSCE I AR s
ﬁﬁ
® Or
i
B

750 1 1 1 1 1

0.0 02 0.4 0.6 0.8 1.0
i /s

(c) A SCBETH STAr 42 i SR i L3

(c) This paper designs the response speed of control strategy

B11 3 ol i O 125 20 28 e o7 33 32 %) LG
Fig. 11 Comparison of dynamic response speed of three

control methods

&1 12 g 3 s il 3R 4t i 1A T il ekt LU 1B I 12(a)
o e e v A 1w it 2 BT L AR AL R 24 O — 55 ~55; & 12(b)
Sy SCik L1270 J7 v 0 452 10 il £ Bl 468 b s L 29 Oy
—50~50; & 12 () R A SCBE T 1 AR TR il 28, il 48725 1k 3 1Rl
Jp—28~28, ZFEM RS, A SO BT Y I A T AR AR
W dob A AV, L 9 A T o 8 T 4 T AE 5K

SEG )P RE S IE

HEMBERFTHN 0 =40sin(0. 2nt) . TEHE 32 s BRB
B 1 Nem F B8R 64

[ 13 Ry A% 45 S5 8 T A 48 Tl R AR SC IR T 3R I 3R 58 19 Bt
LBE Sy X L B, by AT AT AE SN B AR P AR R R S

« 92 .

100 -

— G ROE A
S AATATATAVAVAAOAYE
# 0
i

7100 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45
G
(a) FR GEIR ST i 22
(a) Traditional sliding surface curve
100 -

— SCHR[12] BTt iR
-SLYAVAVAVAVAVAVAVAVAVAVA
® 0
g

7100 1 1 1 1 1 1 1 1 ]

0 5 10 15 20 25 30 35 40 45
B A/s
(b) STHR[ 121 BT & THIE AT i 28
(b) Sliding surface curve designed in reference [12]

100
— RSO IETE

=

SN \VAVAVAVAVAVAVAVAVAVAVA
g

7I00 1 1 1 1 1 1 1 L ]

0 5 10 15 20 25 30 35 40 45

B /s
(c) AR ST BT i 2

(¢) The sliding surface curve designed in this paper

12 3 g A5 o il £ 5 L

Fig. 12 Comparison of three sliding surface curves

BREFIR 22 AR K, B 13 Ca) AT 1, 15 45 2 38 39 B 45 3 1
WEAAEHN 0.9 rad. 7T 0.4 s FEHMEEZRE., M
B 13(h) Al A1, SCEk (1207 kiR 22 25tk &k 0. 6 rad, ¢
0.4 s JFEBKEEZRRS ., ARSI kiR 2ERZL L
HAUN 0. 3 rad, RAE G I kiR 22819 1/3, &S0k 12]
FrRJ5 MY 1/25 3¢ HALTT 0. 05 s R85 i 1a] , 5k w] % 52 =
s AT R AT F VR4 T 0.35 s, IERE
S5 s AR SCEETH T I AR AN R 25 A L A% 48 Jr ik A SCEk (12 0
RERZET N,

2001
— 1R R S

—

f=3

(=}
T

IREFRZE rad
(=)
S

-1.00
,200 1 1 1 ] 1 1 ')
319 320 321 322 323 324 325 326
I ) /s
(a) e G IR A B H Bt M ag

(a) Disturbance rejection performance of traditional
backstepping sliding mode control



I

SR 5 & AT DOB F= FUg B £ H 4269 PMSM 45 B 3 32

1

— SCHR[1 21 B2 i e

BREFRZE rad
(=]
S

-1.00 |-

2'0%1.9 320 321 322 323 324 325 326
R TR/s
(b) SCER[12] S SREms BTt vk g
(b) The anti-disturbance performance of the control strategy
proposed in reference [12]

200
— ARSI AT
1.00

0.00 -

BREF R % /rad

-1.00 -

00 1 1 1 1 1 1 ]
319 320 321 322 323 324 325 326
i ) /s
() AL HE A il SR Hrit thf
(c) The anti-disturbance performance of the control strategy
is designed in this paper

Bl 13 3 Akl 7 ik HUdt e 1 %) e

Fig. 13 Comparison of anti-interference ability of three

control methods

25 b S RO A WYL 5 T R A ) R 4 SC
BRC12 JRT £ A 5 ke ot o 8 I FR AN AR LR R TS i &2
A P SRS A L S 0 AR SO J7 1 19 R 48 1 0 B R ERORS
JRE B g 3l 2 i g R PR I A AT

5 &

ARSCHRE T — B T 0 L0 28 R B AR AR A A
EEH) PMSM AL B IR R G, 1 e Beit B AL T ok 52
Th 22 G2 i w7 R 5 AR 5 255 0 T -0 n B AR BT RAE Y
P72 AT L $ 5 AR G I AL I B 5 e SR TR T A I 2%
XFRGEHEAT T HAME . D7 LRSI R B LR A 4 R
FLA Bl 725 o g R R A R ORGP T Pt R AR 4 A
RO B LR B b VR AR IR R B8 45 o B IR R AR R AL T —
ASHTE B, A SCRYAIE Y R T R KRG R 25 H B, BoR
MRARGZIIAGEE TR, EBEZF MW ILE
B ITREAE 2 T80 T REaE B AL B IR B R 4L
&% ik
[1] CHEN B D, WANG K,

position error correction method for the PMSM based
suppression [ J ]. IEEE
2021, 36 (4).

LE Y. High-precision

on low-order harmonic
Transactions on Power Electronics,
4500-4512.

[2] YANG X Y,

control of

YU H SH.

error

Optimized cooperative
port-controlled hamiltonian and

adaptive backstepping sliding mode for a multi-joint

(3]

[4]

[6]

[7]

[8]

[9]

[10]

[11]

industrial robot[ J]. Mathematics,2023,11(6):1542.

VTS REECH X 4 B L 55 45 58 R 490 S AR R ) 45
HILTD. B FE R, 2023,46(24) :93-102.
PANG H, DU Q J, ZHAO J Y, et al

sliding mode constant

Inversion
tension control of winding
system [ ] ]. Electronic Measurement Technology.,
2023,46(24) . 93-102.

DENG Y T, WANG J L, LI H W, et al. Adaptive
with sliding mode

ISA

sliding mode current control
disturbance observer for PMSM drives [ ] ].
Transactions,2019,88:113-126.

gt Phal e By A8 BT U 43 BT 1 =R e AR A
T G 22 40 v A LT ], B A A I R R 2023,
42(9): 106-113.

MA Y, SUN ZH F, MA F L, et al. Three-vector
model predictive deadbeat current control based on
geometric analysis[ ] ]. Foreign Electronic Measurement
Technology. 2023.42(9): 106-113.

NGUYEN T H, NGUYEN T T, LE K M, et al. An
adaptive  backstepping  sliding-mode control for
improving position tracking of a permanent-magnet
synchronous motor with a nonlinear disturbance
observer[]J]. IEEE Access, 2023, 11: 19173-19185.
LI T,
terminal sliding mode control for PMSM with finite-
time disturbance observer[]J]. IEEE Access, 2021, 9:
135496-135507.

S MR AL, P . ST ESO Y ARG R 25 f L AL
BRI R G v AR A S P [T ). B BOE A, 2017,
33(5):72-76.

LIANG M L, CHEN ZH H, SUN J ]J. Sliding mode

variable structure backstepping control of permanent

LIU X, YU H. Backstepping nonsingular

magnet synchronous motor position servo system based
on ESO[J]. Technology Bulletin, 2017,33(5): 72-76.

XU B8 & J7 = B8 A K G ) 25 B ALY F 2 ) 3 A
S pTARERIL) ] 4 T2 ,2021,28(1):93-98.
LIU Q, ZENG ZH ZH, FANG Y Y, et al

learning  sliding

Self-

mode backstepping disturbance
rejection control of permanent magnet synchronous
motor[ J]. Control Engineering, 2021,28(1): 93-98.
B Bl AR, S5 T AR LM T P W ER 1 PMSM. A
TN TR W AP R LT ). SRR BB L, 2020, 48 (5) : 32-
35,40.

LOU P B, HUANG R N. Adaptive backstepping
sliding mode control of PMSM based on nonlinear
disturbance observer[ ] ]. Micromotor, 2020, 48 (5):
32-35, 40.

AR B E B AR S TR ARG R Y PMSM
. 03



£ 471 % v 7o ¥ o3 A
S A HI L], B AR ,2022,45(20) :68-73. current control of robust doubly-fed wind turbine under
FENG ZH W, MAO G Y, SHE SH G, et al. multi-parameter mismatch [ J ]. Foreign Electronic
Backstepping sliding mode control of PMSM based on Measurement Technology, 2024,43(1): 141-150.
new reaching law [ J ]. Electronic Measurement [16] T, = Ms, &bk, 4. SCR LAl 2 4t 1Y S i R 40 1 A 4
Technology, 2022,45(20): 68-73. il wFoe [0, o B e AL TR 2% 4, 2023, 43 (10D

[12] FEZ s, sk a5, e fEbk. 55 T oo ok i 0 0 H Fn k42 3856-3865.

TP 25 9 PMSM A7 8 B ()], o 7 I i B AR HUANG Y, GAO P, GU H, et al. Research on
2022,45(13) :104-108. backstepping integral sliding mode control method for
YAN H L, ZHANG ] N, LONG H L. PMSM SCR denitration system [ J ]. Chinese Journal of
position tracking based on improved sliding mode Electrical Engineering, 2023,43(10): 3856-3865.

reaching law and nonlinear disturbance observer[ ] ]. L17]  JAHr S 25 K. e 50 A5 B 20 o A B8 45 I 422 1) O H, ]
Electronic Measurement Technology, 2022, 45 (13): WG EHO]EBESER.2022,51(2) :247-256.

104-108. ZHOU X L, LI X F. Photoelectric servo turntable

[13] B HKIH X0 ) AR 56 R 40 e 28 i 45 okl 149 7 i ) 2 control based on backstepping integral sliding mode
LR 24T, M T4 AR 2% ,2011.26(6) :56-61. friction compensation [ J ]. Information and Control,
CHEN ZH. GENG J, LIU X D. Permanent magnet 2022,51(2): 247-256.
synchronous motor speed control system based on (18] S AEZe  XUGHF .k Fi {8 L 45 JE T 28 o A% 00 ) 2% A Al
integral time-varying sliding mode control[ J]. Journal A S PR 2% v T A A A R [RD 2B B LA I (T . B b e T
of Electrical Technology, 2011,26(6): 56-61. W47 AR . 2023,42(5) . 135-141.

(14 B ACRH], 5K % 5. ) B 26 T B0 I 22 o B8 4 46 A SHI Z H, LIU X P, ZHANG R H. et al. Permanent
PMSM #: =4 [J]. 7F & L5 E, 2014, 31 (7). 351- magnet synchronous motor control based on novel
354,365. sliding mode observer and nonsingular fast terminal
YANG D L, ZHANG H L, LIU C. PMSM speed sliding mode [ J ]. Foreign Electronic Measurement
control based on fuzzy time-varying sliding mode Technology, 2023,42(5): 135-141.
control[ J]. Computer Simulation, 2014,31(7): 351- {EE @4t
354,365, R 5 BF ST o B B B

[15] WEMSRE. 2200l , it 2 SR T & 8 1 BUs XL E-mail: hlyan@xsyu. du. cn

A TP A R LT ] Ak B B R, 2024,
43(1):141-150.
PAN P CH, LI Y H. XIANG J. Model predictive

94 -

IO e o e P o i sl s I 8 AL S R
Pl

E-mail:2495203656(@qq. com



