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Abstract

A Variable Structure-Improved Sliding Mode Observer (ISMO) is proposed to observe the change
of load torque in order to solve the chattering and stability problems caused by the fixed gain and
symbolic function of traditional sliding mode observers. An Adaptive Gain Sliding Mode Law
(AGSML) is designed, based on which an Improved Sliding Mode Observer (ISMO) is designed. In
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order to reduce the chattering phenomenon caused by the discontinuity of the symbolic function
in the traditional approach law, and improve the convergence speed, a variable structure modified
sliding mode controller for load torque observation is designed to eliminate the coupling relation-
ship between the parameters to be estimated and the error derivative of the speed estimation and
the chattering signal in the load torque estimation. The experimental results show that the pro-
posed method has the advantages of high estimation accuracy, fast convergence speed and no buf-
feting signal.

Keywords

Permanent Magnet Synchronous Motor, Sliding Mode Observer, Load Torque, Chattering Suppression

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

B FR2ERARR GERE, ALF D BEPL(Permanent Magnet Synchronous Motor, PMSM) & &7
SR TR S MR EHFREMR. BT XA, B2 AT A Tk, wHEsis
B BN D BENEE[L]-[4], [FBKBEED AL — AN HA SR . amil & A 2 48 B 2]
MR, BHSRNARERD) 15 ZEARUM GRS R [5] .

TESEBRR A, AR D LG SR A AR . AR RIS AT TOL[6], JUH R A EIS AN 7k
WL IR0 AR RS FE A o0, T LR s BN RS NR L . A TEREAI A V5 [ SV EREFR PR 7]
U, WEIE— PR EER S A RS U7 R ISR o AR G A ) R A Bk I — AR T 3
AR EN N T EE N — AN EDEE, BT A A BN SR T, XA 28 I A BRAR B b A ) 172
BB WA AR ] R SR S AR AN IS LT CRE M B R H G 1 72 5 1t BE TR R Se i OB (8] BRI,
WA FME T2 a7k, aBHIFEmI[9]. B & NS HI[10]. 7 sRAS I R [11] WU £ [12]
o Hor, VEBOUES KN SHCEARUR . SRR XIS B SRS, CBONETIR
BOEHAL T 7. SRTT, T RSN DN RS SR ) B K R 2 XS BRI . AEBA TR, BT X RBHIR (0 41 1)
feth 7 VR 2 AR RO 58 o SCER[13] et 7 — AN BT T 5000 5% (Super-Twisting Sliding Mode Observer,
STSMO)KALTF RGN FERAL TR B AME B H 2%, TS 7 REMBLTINRE 1 SCIR[14]HR 55
AL S T RSN 5 1 [ 1 2 5 45 5 BB S R I RHIR SRR e PRI R, 52— B B3 28 R A AR
SIS, 3> T BRI FEIR, e TSR

SCER[ASTRR IR AL TR 22 53 )13 S BAFAERA G R R, 2 52 WL 28 RO ORI 4 5, 3 0 76 A7 28
R B & NIRRT, MV B T 8 S ihiR Z Z G R R, JRHEER T s
ETHRZETREHRE S .

PR PMSM P REFF 7] AZEFM I RHIR 6 [F) I PROE USSR, B IR RRAE S MO AR e 1, A0
HH — A o ) g Y AU 25 (VS-ISMO) , F 45 5 PMSM % 45 il AU 1R AT 05 FAIE B, 417 B 45 Rk,
AR ST BE T R B SR I s 47 ] SR () A R

2. PMSM ¥ 2r4E 5l
AT AT, AT PMSM ERARHRL, AL U RS D 2 S mA. @

DOI: 10.12677/mo0s.2024.136527 5792 RS R


https://doi.org/10.12677/mos.2024.136527
http://creativecommons.org/licenses/by/4.0/

Wik

AP R EER BAE. © FNLE 3 U A AR IESZ BRI, ditk, = PMSM fE[H
T AR AR 2R TR IR E TR T RE N

. d.
Uy = Riy + Lsald — 0,0,

d 1)
U, = Riq +L aiq + @,Pq
E T T
vy = Lyly + o
. 2
{V/q =L, @)
FR@ORARQ), FHEAN:
uy = Riy + L, iid —w,Lyi,
Cod Q
Uy = Ri + Ly o + o, (Lyig +o;)
FLREE FE T 7%
3 ..
Te:Epnlq[ld(Ld_Lq)+¢f:| 4)
Wbz sh 7 2
do, T
25 1,7, ~Bo, ©

B R JvE TR R Ly, L, E TSR d, g B oy, u, N E TSR d, g B 0,0, N LG
ROMLE:  p, N THONEL o, WETHMEL, T, NI
AR X R M K WA R D M LEEAT BT

3 .
T, = 2 Pala®s (6)

KAIREAEHIF 1, = 0 MRl U5 %, K @)RANX(G), e K-

da)m 3pn¢7f . TL B
= | ———w 7
dt 2 Y3 3" )

3. FBBRMN AR
ARBL— BUN A] Y 57 3R AL 521«

T =0 ®)
EN R IR E e =0, —w,, EXIENE: S=¢ =0, -0, , HEIFETHIIRZ)TTES:
. 1 ~
a‘)m = F(Te _TL - Ba)m) (9)
T, =0

3 PRl T 2

(10)

{ o :%(Te T~ me)+ Ko

L= gusmo

DOI: 10.12677/mo0s.2024.136527 5793 5 1 A


https://doi.org/10.12677/mos.2024.136527

Wk

et @, T, 53 DR o, FFEEESE T, MASTHE, kA1 g 2SI R IF e 25 A0 R 28, Uy, Rl
it
RGBS, ug,, =sgn(e,)=sgn (@, — @, )

3.1 #BEEER

I ERtY SHRes
$=—¢|s|"sgn(s) 11)

A, 650, 0<a<l. AR L, 2 s»0 KT R MBIAR T DB X LM 0 B t BUA 43, ik
P 5(0) = s, BIAHHLTER s =0, JBLAM 1 A:

_ s
b= (I-a)e (12)

SR, ARYE B3, SR RA VIR T BT al, ML S DA R ISR EE, FEUR
SR, FemiahastERe. AT b, JEE5E BIENIE R EAE, R T A A . 1K
BRI EROREF TR DRI R, IRt 7 2 RSIORE, & T RGUSUE

s=—¢|s|" f(s)-I-s
sgn(s) ls|>p

f(s) = s g

K, >0, 1>0, O<a<l, O<a+p<l, BIERNEN, JFHENFEHI.

AL AT+

MR G B BRI, DHER AR B FAE A, SICE R, WS IR Y R G A IR
BRI T2, RGUSNIRASWCSICEN N AS T 1)3f & 2 D R e, aT AEI g5 F £ 5 | & it £ 3 1)
B, R AL 4 5 U S0 E

|1—oz

(13)

Fe R 5 B ARG T T T2
;\m = l(Te _fL - Ba)m)+ kuismo
.Y (14)
fL = guismo
A U =—els|” F(s)=1Is -
3.2. TR MR
H 2 (20) 3k 25 20 (9) AT A3 4% G v AL I 5 1) it TH R 22 7 1
. 1
{el = —Tez +Kkug,, (15)
éz = gusmo
XF 2 (15) AT 43 T W] 15
€, —%ez —%él =0. (16)

XF A (16) AT KA AT 15 2

DOI: 10.12677/mo0s.2024.136527 5794 5 1 A


https://doi.org/10.12677/mos.2024.136527

Wik

lt g ,gl lt
e, = Cel +?(Ie k éldt]e"J : 17)

AL, ARG S ) B A TR Z AT A AP B AP 002 S R A TR ZEAR R AR
BT B AEGTIE BIIN 3 CHE ARSI SR I B, BIS =S =0, WX A%, i, 14
GLHTE I S ANBEAE R SN JE L RIARIRSAS . BMEAEAL ST B A BRSNS, il X0 s B2 AN RE
IBFIFALIRES, PMSM (R FE Al T HRAZ E th R BRI B R sh, Pro it S e #d.

FER(15) I NARREIIL, 45 332 S5 44 T ASOULIN 4% (R Ak TH iR 22 07 12

g = —%ez +kug,, (a)

Ismo

(18)

éZ = OSismo _%el (b)

I TEFEREAG TR ZE () SR ARRE I, (58 7T DL B b T 5B il T 5 B R 2R A T 2 R A
ERF, AT PLE— BT bR B A5 R O R R HR S 5
¥ X(18) (@) AN (b) AT 75

éz = QUismo _gi_%ez + kuismo) = _iez (19)

k kJ
X (L) REAT SR A A 45+

9y
e, =Ce¥ (20)

A, CREHL WAL THRZE e, I (B 28808k,  Hod R i Rt ot g g .
AR ST kA 25 A
SS=egé =¢ (—%ez + kuismoj <0 (21)

ML) AT S, FFH25 k g_ej_z

4. REMIEH AT

IR R R R GATAE A E S BN S ANBAR IR T, RFF RAFAOTERE, RIPUE. #E
TR RS E (5T .

&

» Mk fEE Nk =-a ]

, a=1,

TE X RGP
X = Oy — @y
{Xl =X = d)ref _a')m (22)
R, o WATEME: o, WEFHE. K ERAAR():
. 3pe;. T B
X2 = Wy —Tf|q+7+ja)m (23)
TR T 36 SR [16] o F et 2R A S bR e o PR TR, GV A 1 R K
S=X+ pj;xi(r)dr+qj;|xl(r)|isgn(x1(r))dr (24)
FRHE SCHR[17] [18] ¥t —Fh H & N3 G T A i At «
$ =—kgsign(s)—ks, (25)

DOI: 10.12677/mo0s.2024.136527 5795 5 1 A


https://doi.org/10.12677/mos.2024.136527

Wk

X
k P
k. =—F—+k 26
s y+(1—y)e‘*'s'+ t|S| (26)
X k>0, k>0, x>0, 1>u>0, 2>a>0, k N&MHEEE, k AVIHIEL.
by SBURE AW b g T CE YR S X et e

B s san() - kson(s) s @
AN AR 5 F ) 2 i £ -

. 1[T, B ]

=5 TL+ja)m+pxl+q|x1|isgn(x1)+kssgn(s)+k,s (28)

5. (hED#Hh

SN A S BB W28 DL R a5 2s g, 3R T MATALB/Simulink 15 EE &35 7 PMSM fHR &
PEIRERL, HEALVEASEOLE 1, B 1 2AST PMSM #5H R4 EHMER, Hdr, AAFRONEEEH, N
RN LA, A SCRT BT E I ASOULIN 5 e S 00 281 (1) 70 8 A0 e M 28 o B 4 il 2 o

Table 1. The parameters of PMSM
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Figure 1. PMSM control model
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Figure 2. Load torque change
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Figure 3. Speed change
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Figure 4. Speed and torque change
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