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Sensorless Control of PMSM Based on Fuzzy Full-order Sliding Mode Observer
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Abstract: Permanent magnet synchronous machines (PMSMD has serious chattering problem when traditional
sliding mode observer (SMO) is applied to low-speed operation with fixed sliding mode gain. To solve this
problem, a full-order sliding mode observer (FSMO) with fuzzy adaptive adjustment of sliding mode gain was
proposed, which can improve the chattering suppression performance in a wide speed range. First, a FSMO was
constructed with stator current and extended back-EMF as observation objects. In addition, the fuzzy control rules
were constructed by using the error and error change-rate of the actual and observed values of the stator current as
the input, and the adaptive adjustment of the sliding mode gain was realized according to the different speed of the
motor. Then, the soft switching continuous sliding mode control was realized by using hyperbolic tangent function
instead of traditional sign function. Moreover,in order to eliminate the influence of variable speed, the normalized
orthogonal phase-locked loop was used to obtain the accurate rotor position from the extended back-EMF. Finally,
the PMSM drive test platform was built, and the performance of low speed and medium-high speed was tested. The
experimental results show that the proposed algorithm has significant advantages in wide speed range over
traditional algorithms.

Key words: permanent magnet synchronous machines (PMSMD ; full-order sliding mode observer (FSMO) ;

fuzzy adaptive control; sensorless control ; hyperbolic tangent function

K 7] 2L LML (permanent magnet synchronous AR P AR = SR S FE PMSM 42 i ikl sz 31 1
machines, PMSM) A& & &R =B A B T HA K 72 E",
EETE RS ARRARA T EIH (ZR2021ME017); BRI /ML AE HE T TR (2021TSGC1429)
EE BN : THE(1996—) 3 Wi+, FEEWFFE T o] K7k B TR AE AL TG AL A IR 2R Se 4% . Email:lingyuchen0526@163.com
WIREE 150 (1970—), 3 B2, 2 20F5 07 0] Rk G ra Lt SRSl B ae il & il R GE iRt

Email:s.zhou@qfnu.edu.cn




BAEF 2024F F54K FTH

F4E 4 R T AL A TR LM 22 49 PMSM J A% 2% 52 45 4

TE AR 2 0 A A 22 1 O vk v A5 0L 00 4%
(sliding mode observer, SMO ) 5. 15 /i T H H A5 i)
o7 R R R B XA T K S S N
BRI B KRB IE 22 3 A R IR
Lyapunov fg & PE 43 By , PRIE T AL 2% 2R e e
18 2% 1 TR S0 25 DR T PMSML s v, Bl 3854 610 die K
EL, T PMSM FY 2 HL 4 £ 1 7 3 3 ke P -5 Pl AL
SR R LU, BT LAAS G2 AU % (tradition-
al sliding mode observer, TSMO ) > H 1 [ 22 ¥ 52
B4 A5 ANIE T 58 U Y R RO AR G BES, i ARG
TR ROULIN 85 R T AN 22 B 755 bR KU1 Ry i
DI R B0, I HL ARE I8 I A U8 B e U %, it
— A T R R EHIR AL E I R 22 N
I, A LB X R AT IR AT

A o R AT O R A T I A BHR
P WS B o SCRR[415 1T 3R &7 7 28 i T A
TET A T A UL N 1% Py WA S RE R s, O R P e
Fithok W5 R EHR B SHOEE R I, L
B RIME o SCRRISTR T 1 R B2 T AU 745 31
Y RGBSR ST B R AR T bR T
PR o SCHRI61EE 18 %2 7 FL I S v B 4
A Sy 0L Xk G g S 4 I T A 0L T 8% (full-order
sliding mode observer, FSMO) , £33 BLig#E 7, &
o AU i RAT 9 a8 20 0 A R, BROE
o PR 368 208 e 2 , SCRE IS AR 2 Ml 40 ol B4k, (H G
[ 72 4 A0 i AN R T SRS L T R
FHAN T AT PR R D T 5 R0t 2 T 108 A5
LI 5 v A 1) e 2 — o SCHR[7-815
IR FH A R0 BRI ECRT Sigmoid PRIEHE A U5 AR D) 46 bR
B, PR Ol s R —E TR L HISS T RGN R
PR (B H U SO RE S 22 , B R PE AR .
i v VRSO DN 48 7 FH 1% 81385 L, SCHARI9 13 2o ik
JHI 7 B0 B 507 o RS I T T SO T A £ LI Ao
5 1% P T ] 7 A 3 00T 4 4 9 A
o BEE MOAL PR AR TR R ) 4R, —Le St
AR R R B4 T 5 12 Rl 2 IO B9 AR A R 4
il RGEH, LA R G il PERE , dni 28 9 28 4%
i BRI R A o SCRRLLTIR AR 2 M 45 104
AL i ) 7 A ] 2 AR 2 oo T S UL %
AR ], (R, A 2k . SCRiR(12]
DAL AR B 3 5 2 A8 e A3 DAy i A AL A S A
A ) e 2 AT A R R RS g et L (H i T )
e R A AT A N S B sh SRR 22

AR SR A B T RROUL I 5% 28 2 5 B0 45 ) &

4

GEARGS G, — TR 3 0 I8 1 o Y 4 1Y
A 4 B T BT UL I 2% (fuzzy full-order sliding
mode observer, FFSMO) , 1 5%, @7 T LA 1F
Y1 R CH 48 o8 B0 42 B A5 0L DN 45 50 A
F¥ | H Lyapunov PRELTT i 2R S fe i PEAFAE 77 2L
S IR L 8 T R E PR JR M BT T RO
R 45 (o AR i i I P 2 S5 AR 42 o R )
H A, 5 TR IR e, FHTIE—1k
NS ¥ RN R L DA R U SO/ T = DA
EAAGTRT RE o #5 A KRG ALK SR 5 6 X
FIREE SR BEAT AR 5 b AR AR X sk
B DL KA E e T BT TR Fe e . S g A
SN A LE 7% G2 00 T B0 2% , AR SCHE S Y
RROR 1 3 07 9 A 2 114 4 B T RS W0 DN 5% 7 9 3
R I, s PR RE s B A

IR SE N AL A i e

i M i % W] 25 AL (SPMSM) Y L =L, =
Lo FAE LAY . SPMSM i AH 6 11 A bk 22 F 1K)
e )

Ll sl L Ll

= + — +

u) L0 RJLi,) L0 rldili,] LE,

(1)

e @
K rwg, u, E FHE R EF B 56,1, 0 E
TR LM HEG E,, E PR IE AR AR R T
VR S sh 3 o, T WA R WL K R
WG5E ;0 N FHAE,

BRI RER RE RS TR E A, 3 H ol TR LAY
HIUAR B 1B] 5 50 R S R] 4%, IRk, B Lg%
HEAE— P B W N 6928 A v 2, B dew /de=0,
X (2) AP R S H s ] DAk

Bl
E, w .k,
SPMSM & FHL RS T FE N
i 1 [—Rs 0 Mia}_ 1 [u - E} (
‘= “+— 4)
|:ij LLO -R]Li,] Llu;-E,
2 BN 359 T

21 MBS LR ER
MR (3) = (4) M EE DL F R A R
2 HE Bl A LI X 42 1 SPMSM 4 Btk 25 7 FE i

Hrp



THE, S AR T A A E- R BN 26 PMSM FA% 2 25 45 6]

BAEF 2024F FS54% FTH

HEH
il 14 B[l [D
S+
Lz {0 c}m [o}“s (3)
Hep i=li, i,1" E=[E, E,1"
Az[—RS/LS 0 } B{-m o}
0 -RIJL 0 -l
1
=0
cz[o _‘"e} D= g
0
w 0 i
Ls

u =lu, ugl'
P FEL AL ) 22 [ 00 R gt S UL 0
L]

; _|A B ; D s
M_{O CJ{E}{O}”* Lgcsgn(s)(@

A G Ry R 25 FE R s K, M 2 42 W i AU 2%
TFCHE 5
2.2 BT IEYIRE R £ im0 2s

R v IR A% B8 i AR TS T 22 4 5 BRI 3L
T BB ™ T Y R, AR SCE T R A2
ST 08U D) eR RS B i AR N
IR (ERZIEI

XU E DT e 2k

exp(s) — exp(=s)
F(s)= tanh(s) = exp(s)+ exp(—s) (7)

LB R M 2 A& 1 TR .

F(S)“

P UM IE T R R i 2%

Fig.1  Hyperbolic tangent function characteristic curve

DA gl TE V70 eR B D 2 A5 U045 R R0 5
(6)FeAk N

i| 4 BI[i] [p 1
{J{Ogb}bﬁbhwm (8)

y
iy

F(s)] [ F(i, -
F“):[a<>}:{<j g}
Fo(s)] | F(i, - i)
a0 (5) 538122 , 159 2 ft i A0 S L B 3 A iR
2R TTRE N

i|_[a B)i]_ L
Li}[o C}{E} L o) )
/\q:‘

P=[nod] =l a] E=[E ]
- 0

N R M
o, 0
4RGSR AR
0. BRI B2

{&=—mwi—m
Ey=—KF (i, — i)
I ENCOL DR T
[E} L [M(S'F“ ) ?“F’;)} (11)
E, s+l | M(s-Fy +oF,)
A s PRI R
KADPEA V(S + )T IZIHERE,, £, HA
ARG P U B R T DL BR AR B e A
7 NI IGH 8 LPF A T80, iokEfR 1 LPF 4 {
FH A S ) A AN i S R Fz i, 30y A {1 ik ) R
23 TEEMSHT
AR BB R G R e, Al H Lyapu-
nov PREON HASUE MEEAT 0 A . FSMO AH S T
FEL AL UL 000 2 RN ™ R Sz H, By A ASE U 0 25 4
B, T BRI AT R M b . e X
FEL I T AU 0 2 T A 1 Ry
s el i -4,
si=[3 &}{g_J )
FE CHLL I Lyapunov BRECH
Vo= (545 (13)

NPRIER G ENE, TEWL V, <0. HILXT
(13K T, 733

(10)

R. E,-E . 1.
=——1i + o = il = —15 +

L L, L,
E,-E,. 1.

‘*L ﬁiﬁ—fu[g (14)

ZEHL V, <0, WA £ K DA70T 1L -



BAEF 2024F F54K FTH

F4E 4 R T AL A TR LM 22 49 PMSM J A% 2% 52 45 4

K> max { |E,|.|E;|) (15)
5 A AT RN, B 7 =0, 7,20, R 45 55
B | HES AR 3 .
S E| |E,-E
SE — Ea — ~a - Aa a
[&J {Ej [EB—EJ (1)
S NP e i sh F R .
FE LY 83 Lyapunov BRECH
Vo= (5, + %) (17)

APRIE R GERFRE P, 75 262 V, < 0o IRIERS
A(17)3RK T, 743

VZ = SEaSEa + ‘S.LBSLﬁ = ~o¢ a + BB
=-M(E2 + E})- & .E,E, +&.EE, (18)
B v, <0, I MR AL
-® EﬁEa + o E'aEﬁ
M > max { ~ = ) (19)
E. + E;

i b Y BRIE NS B K M A5 A (15)
A= (19) B, R G S WS W A T , PAIE R SLis
TR E T
24 HEHSHIBEERIZT

AR 2R 58 i R PR 20 BT, TSMO T 9 9 A5
i (B 0 A BB A 1 [ M, A T T A0 2%
SN R GE R , FRGT I AU 25 1 F A
S Rl o AR SR HIASEAS KL U) , MR 4 FL 300 1 A58 1 )
TR A5 Ko B I A T ) A 25 R AT A R A
Th, ZE LR UE RS M 0 25 10 2 = O BIGE B , I 141
592G HR

A 42 1 22 G5 1 i AR 12 Ok 2R 0 UL Hh 9
PR S AR ZE AR LA S, B AR Ol T RO 25
P F Ko WHS.S, >0, WK K, RE
PR T T IR S.S, < 0, W K AR/,
{67 2R 0 2 T i A T ) S AR % 1 55 R G BHIR -
FE S AR BRI (-1, 1), AR B IR
B0, 1), i A2 BB IR S O (VB (i K) |
NM(fid)  NS(fai/h) \Z0(% ) (PS(IE/N) \PM
(IEH) . PBCIE R}, i th A2 it B 5 5 M {Z0
(%) PS(IE/N) PMOEH) PBUIER)) . TEIH 2
(15)BYZEMFT Bt K BORIE TR AN 3R 1 s .

454 Lyapunov 73T, LA 5 1 FSMO ) - 5&
PREL A3 25

K, o< w,
K= 0+ 5002 650, (20)
Wy

W R IE S

Tab.1  Fuzzy control rule table

SL/Si NB NM NS Z0 PS PM PB
NB PB PB PB PB PM  PM  PM

NM PB PB PB PM  PM  PM PS
NS PB PM PM PS Z0 Z0 PS
Z0 PM PS PS Z0 PS PS PM
PS PS Z0 Z0 PS PM  PM PB
PM PS PM PM PM PB PB PB

PB PM PM PM PB PB PB PB

Ak ALY S B3 R 8 o T LG Y
SIS ML EL 5 e Ay BT AR 2 3
A5 PVISML ) S b LI F) P o 5 SRS 42 il 4 i 114
HOR(eg s E A R EN PSS W EBEAVA L REREE S E o
LI 5 S A e S o, LA I, KHUREBUE K 5
24 WL P o o T e SR T o, BT T 2 KA
A SR AL 5 e T 1 T AR A

N T ARSI 3005 A SE B AR N P A
B R HERMER =ML SR B Rk AR i B
K F Mamdani 553, 1) 500k 2547 BOBER 1L
ARH-F2 o] i o A\ 3 S pRRAN P 2 I o

1 NB NM NS zZo PS

PM PB

-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 |
55,
(a)fii AS/S 158 I 2 R %L

z0 PS PM PB
1.0 \

0.8
= 0.6
[

0.4

0.2

0

0 0.1 02 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
(b)m:nk\rﬁwﬁi&%&
[ 2 RO ddan A SR B2 pR AL
Fig.2  Input and output membership function of fuzzy controller
25 HFUBEIHE
T P TSMO i ] B 1E U0 ek B0 55 1

10 B A BE A AE T i R LR RO 3 &
SR AN R B9 TR, A SR T A — A IE A2 B 3



THE, S AR T A A E- R BN 26 PMSM FA% 2 25 45 6]

BAEF 2024F FS54% FTH

FEAL GE AR B0 I S Al o A H — B3R T, il R
SR INRAL, $E T R R O B A
SRR, 0 — b IE S B I ) Ji AL (2] 4n &
3TN

513 I — LI S8 iR A (1 L5 A [
Fig.3 Block diagram of the normalized

quadrature phase-locked loop

RE 2t H— AL S A BAGTHE 5 1R

22NN
AE,=(6-6) (21)

P O] UL U — AR AR B 18 L0002 BB AN Bl
e T A ORI B 8 T A AL A
TR R

g5 LR BT ROM 3 N o AR 25 1Y FS-
MO HIZEFAE AN & 4 iR o

Ks [«
L L]
L) e L
U, i, + dr R
| e 'Z%;
— Wil (] 0.
(FSMO) [~ g
E, w16,
r E/f ‘ J

Pl 4 ROH) 4 B T BEULI 25 4t A HE P

Fig.4  Structure diagram of fuzzy full-order sliding mode observer

3 ERHA

G UEA SCRTHR FFSMO A 30, A SCredE
ot R BRI ET A FR A /B & 1 LINKS-BOX 7K 7 [7]
AR ALIR B IR 50 B HEAT SEIR I UE . A S
It FH Y SPMSM S04 T - HL AL X %% 4, HLBH R=
1.84 Q, HLJE 1=6.65x10" H, % & 1% P=1.5 kW,
i 5E 5% 8 n=1 000 r/min, 7K B 1A B 8% w=0.175
Wh, M5 =104 Hz,

& 5 A3 T FFSMO 9 To A B 1% s ¥ 1 45
FHER] . S5 F- 6 A 6 s .

o TR}
. PWMIB| vD, [vD, [vD T
. 1, u, u, U ! 5 ! 1
@ Pl(ASR)}:Ni@—»l PI(ACR)] ‘s dgq > LALEY I pMsM IR
- Tl =0 u, Uy Ll vD, |vD, |vD,
- ap > PWM3A
» I SVPWM [rwas| | V., vﬁ'<%v!<}
i, >
o I
dq
ik abc |
T
I
P
0, I BaAm DA ap D
- B R )
BABIE T WO |y, abe e
o A R E, Be le—
- < u,
<—

5 ORI T UL TG A e R A T S R HE 1]

Fig.5 The block diagram of the position sensorless control structure of the fuzzy full-order sliding mode observer

31 RiEFESZIXTLE

FEL ML S 2 SRR 5 38 109 LT BRI
AR SR SZIGAE 50 v/min FHEFTIRNE , 401 7 BT .
1 &l 7a, B 7b T, BT BRI T B £
DA RS 2 U1 eR B 5 , 53 TSMO A il 11
2 HL B BHIR B, DT 52 i 26 745 1 1 115
FERE . M, FFSMO R Wi ) 52 i, sh 348 fin
U IE SR AT ARG B X B R A A i

HPE
I 50 v/min B OLI0 54 457 5 A B K Ao A
JETRZEXT L an 1l 8 iz o X HU Bl 8a~[&] 8d W LA
H TSMO FR B 5% T B M AP AR R IR 22, N
0.1 rad ZE 45 5 1M 5% JH FFSMO 15 31| (14 4 o7 5 T 422
T SEBRE T HAR 228N ALK 0.04 rad 2247, /T
25 Ve RO I 25 1 B iR 2, O AN AE B 8 1Y)
AL 5, 7E G BE S A b R R S 707 1 o
7



WA 20245 FS54K B TH

F4E 4 R T AL A TR LM 22 49 PMSM J A% 2% 52 45 4

EgEnig

KR IR
) T

| AEZRD
N QA B L e )

Fig.6  Permanent magnet synchronous motor drive test platform

30

Fak b

-
(=R

ity R s ¥y v
(=]

1 1 1 1 1 1 1
10.8 11.2 11.6 12.0
tls

(a) TSMOXLIN S5z L 5y #

-30 .
10.0 10.4

[
(=]
T

£

f=]
T

ity R s # v
I
S o

|
393
(=]
T

=000 104
(b)FFSMo;J/“:‘UHIJ}i RS
&7 AR 50 r/min BRI 2 B 544 0 He
Fig.7 Comparison of back EMF observed at low speed of 50 t/min
32 PEEBEFLIXEL

1 000 r/min B W8 Sz Ha, 2 345 %6F LE 4n &1 9 Jir
o X HCIE 9a FIE Ob, HH T AN SL V)4 R K L I
ARG U8 P 48 B B, S BUTSMO A T s e 3 34
A7 B S P AL SR i ) R, DA S 1 e 67 5 1Y)
TSR . FESMO 78 sl T iz L sl 38 e A
IR FF R 4104 1E 5% 1 HL A S rE AR {1 5 sk 1
[F)

NI 2tz {57 R R Ao 8 ) R 25 % L
B0 i o X EE IR 10a~ & 10d T %0, 76 s R
TSMO B B 1522 47 0.95 rad Ze A7, BIE 285 AR 57

8

1
10.8 11.2 11.6 12.0

7 ER N I
6k
st
BRI
I 3f
2_
1
oLt . N
10.0 104 108 11.2 11.6 12.0
t/s
(a) TSM O 11 ¥ ff &
7
6_
5_ =007,
< 4r
C\,g 3t ~0.10F
3
1_
0_
)
10.0 104 108 11.2 11.6 12.0
tls
(b) TS MO {3 5 i FE 12 %
7 TR T
6
5
'g 4
33
2
1
0
10.0 104 108 11.2 11.6 12.0
t/s
(c)FFSMO%% 113 1 /1 Ji
7
6,
5,
el 4>
£ 3k
5} ok
1,
0 =
00 104 108 112 116 120

tls
(d)TSMOF, 07 B A B i 22
P18 AIR3HL 50 r/min BRI 4% (L ¥ A7 BE KA A7) BE D22 X Ll
Fig.8 Observation of rotor position angle and position angle

error comparison at low speed of 50 r/min

150 - -
% 100 B 5
R
o 50
X0
E -50
5—100
-150
10.90 10.92 10.94 10.96 10.98 11.00
tls
(a) TSM OV iz H 5l 3¢
150 - =
= L.\ E
= 100
R
m 50
X 0
5-100

-150
10.90 10.92 10.94 10.96 10.98 11.00
tls

(b)FFSM O Jz Ha, )y 4%
Pl 9 1,000 r/min B LI 52 W S35 HE
Fig.9 Comparison of back EMF observed at 1 000 r/min



TAE, 5 R TR AN AL 5

#) PMSM F 4% R 22 32 41

B A 20245 FH54K FHTH

iyl i

6/rad
o0 —~ N W A~ WU o =

90 10.92  10.94 10.96 10.98 11.00
tls
(a) TSMO¥: 1V & A i

0] L

A A AR
r —0SYYYVYVYYVYYYYVYY

1.1 L L
/(w 10.95 | [10.952 ](.954
e el e -

90 10.92 10.94 10.96 10.98 11.00
t's
(b) TSMOF; v # £ i 1522

JibRf fhTHE

O/rad
o— © = N W A U O
T

O/rad
OO = N W ke NN

90 10.92 10.94 10.96 10.98 11.00
t/s
(c)FFSMO%% 71 & f

7
1

i ]
4
2
1
0
0

6/rad

0.2

/f'.o-:s 10.947] 10,949

Ly

1

1 1 1 1 1 1 1 1
90 1092 10.94 1096 10.98 11.00
tls

(d)TSMO¥% 110 & ff i 1 22
E110 1000 r/min B XN A% 057 B A1 13 R AR IR ZEXT L

Fig.10  Observation of rotor position angle and position

angle error comparison at 1 000 r/min

AT B FE AR IS M TH B &, i [E) T
#LF FFSMO F9 FH A7 37 )5 B/, HiR 2240k 0.15
rad 247, HLICTE AL AMEIR 1T
33 IR EEER TSR XL

R B8 UE AR 3C FFSMO A 7% 1 b 4t sh M g, &
11a, Bl 11b 4 FLALLERUE F 3 1 000 r/min B 1711
THUR L 7E 14 sBFZEA0 3 N-m A% 5E 0138, 17222 s
LA, TE 16 s B 55 25 A 1) J ol R 0 A P O 4,
BRI 7 T o L 11a AT 4T, TSMO 2 ek 28 st

BRI S AE 50 v/min 2247, %FECIE 11b, FFSMO %%
B B8 40 v/min ZE 47, FEVL AT 5 i 0 1R 2
W/, %%ﬁ%mbumﬁ Bk sh N

1200 8

toof kR M ] Z

~1000 '
E 4 <

< 3

=P

1

o0

t/s

() TSM Oy 2% 4% 1 22 b

1100} b A l
n 4
1000 ._‘LMWMMM\_

ey

Co — N W B L O ®
i/A

18
(b)FFSM O 4854 75 1k

FI11 1000 r/min I AT T4 5 460 L
Fig.11 Comparison of anti-interference experiments

of 1 000 r/min load and unload speed
25 LR A SCRT i AR 4 7 o A5 0L
o AR R P O IR e W AT A A . O
P IRAS P R 4 e S sh # TP 38, e g pHIR
SN Bl o7 O A i ) P SR A

4 ZEw

[

AR SO T — ol T RORY 4 [ 2 AL
F14 K i 1) 25 Fi AL T A T s R i SR o AL
LR S By AL Gl e B SRy €
RGP S T R G E AT E M, I Hig
0% FAERR AL T3 T AL B S R R R T
PRSI 453 FH )3 el

S 3k

(1 xUte, ¥ K, T, 45 . R ) i LG (o A T P il

ARBFFLERARN. B TR, 2017,32(16) : 76-88.
LIU Jilong, XIAO Fei, SHEN Yang, et al. Position-sensorless
control technology of permanent-magnet synchronous motor—a
review|[J]. Transactions of China Electrotechnical Society,2017,
32(16):76-88.

(2] &S BIE S, A, 45 L K REIR 2 LT BRI ASTUL I 5%
TCA A O e P e R ST, I s L LA 4R, 2010,
30(33):78-83.

LU Wengi, HU Yuwen, DU Xuyang, et al. Sensorless vector

9



B A 20245 F 54K FHTH THE, 5 L TR A AL 2 49 PMSM A% B % 42 )
control using a novel sliding mode observer for PMSM speed Control Application,2018,45(6) :6-11.
control system[J]. Proceedings of the CSEE,2010,30(33) : 78— [8]  FhJr oy, B 1) B, WRFAT . Al H6 AU I 35 1) 7 1 ) 26 Hi AL
83. To e e 5 SR ). BRI, 2017,52(1) 2 1-5.

(31 kI, o IR, A5 . T ASDRYT VAR LI 15 1) A T SUN Fangfang, HUANG Xianghui, CHEN Ke. Sensorless con-
b2 & A S S R VA o i1 e I R A 5 N2 trol strategy for permanent magnet synchronous motor of im-
2014,29(7) : 147-153. proved sliding mode observer|J]. Explosion-proof Electric Ma-
ZHANG Hongshuai, WANG Ping, HAN Bangcheng, et al. Ro- chine,2017,52(1):1-5.
tor position measuring method for magnetic levitation high [91 AR JWEMS, Ao, 45 . T8 U i AL 4 B T ASE UL 25
speed PMSM based on fuzzy sliding mode observer [J]. Transac- 19 57 A5 F ML 3 3 A5 R RS P R 0] o 4 R 8 R, 2021, 31
tions of China Electrotechnical Society, 2014, 29 (7) : 147- (9):969-977.

153. WU Chun, XING Zhanpeng, NAN Yurong, et al. A sliding

[4] =5 HEE, KA A URREAGHE [ A LR R S 4 mode observer for asynchronous motors based on a variable
AU FR S ). P AdR, 2013, 62(3) :45-53. rate reaching law[J]. Chinese High Technology Letters, 2021,
YUAN Lei, SHEN Jianqing, XIAO Fei, et al. Design of non-sin- 31(9):969-977.
gular terminal sliding mode observer for plug-in permanent [10] ATARAS . 57T P A UL 45 F) 3R 9P ) 25 WL ATLIE o A2 S
magnet low speed synchronous motor[J]. Journal of Physics, P RIBEFEID]. K% K K%, 2015.

2013,62(3) :45-53. REN Junjie. Sliding mode observer for position sensorless con-

(5] VAR, 5K AT, 25 A . 366 8 MBIE B vk I A TR A rL L trol of ship permanent manget synchronous motor[D]. Dalian:
oAl B P A mg ()], AR 74 AR, 2020,43(17) - 162 Dalian Maritime University,2015.

165, 170. [11] SRk, R, A1 D . i 2 I 250010 B e UL N g 1
MIAO Jingli, ZHANG Yuhang, QIN Wangyu. PMSM sensorless PMSM Je/E 1. # 6 TR ,2022,29(11) :2075-2081.

control strategy based on super-twisting algorithm[J]. Modern ZHANG Huilin, WANG Guoqiang, YANG Haima. Sensorless
Electronics Technique,2020,43(17) :162-165,170. control of PMSM based on neural network optimized second-or-

[6]  PATCAS. BT 2B BOULII 25 i) IPMSM JC o & 1% B 45 il der sliding mode observer[J]. Control Engineering of China,
FEMEBTIEID]. Hh By BT AER 2 , 2021, 2022,29(11):2075-2081.

SUN Yuanjie. Research on sensorless control strategy of IPMSM [12] Jel 25 e . ASERH e ASE A8 25 bl 4 ) A K g 1) 25 B AL v A g

based on full-order sliding mode observer[D]. Qufu: Qufu Nor- [D]. M &« P AL AS LR K%, 2018.

mal University,2021. ZHOU Huilong. Application of fuzzy and sliding mode variable
(7] FEBESF 2L, 5K R R A5 TR A0 R e A5 TR SO N 5 structure control in permanent magnet synchronous motor[D].

K ) A0 L IR R e D). s LS R T, 2018,45(6)
6-11.

DU Zhaoping, LI Kai, ZHANG Yuliang, et al. Permanent mag-
net synchronous motor control system based on a novel sliding

mode observer of saturation function[J]. Electric Machines &

10

Nanjing: Nanjing University of Aeronautics and Astronautics,

2018.

Wk H 51 :2022-12-21
ek H A :2023-03-11





