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Improved Full Order Sliding Mode Observer Without Sensing Control of

Permanent Magnet Synchronous Motors
SONG Jian’ guo, LI Zihao™ , LIU Xiaozhou
(Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: Aiming at the problems of system chattering and
low observation accuracy of the traditional full order sliding
mode observer during operation, a full order sliding mode
control strategy with controllable boundary layer is proposed.
A normalized phase-locked loop is introduced for rotational
speed estimation to avoid the effect of parameter variations on
the estimated value and to make the rotor position
identification more accurate. The stability of the algorithm is
demonstrated using the Lyapunov equation. Finally, the
reliability and accuracy of the improved full order sliding
mode observer sensorless control strategy are verified through
simulation and experiments.

Key words: permanent magnet synchronous motor

(PMSM) ; full order sliding mode; variable boundary layer;

normalized phase-locked loop

W OE: EXHEG W B AR S AT R v R b
PR I IS BE AR ) [R) 80, B2 8 T —Fp ] 3 B2 4
WA i S . 5 AU — AR BRI AT 5 AN T
e SR 52 ), {6l 2 o7 & U0 S IR 4
FIH Lyapunov 7R UER THE e M. )5 iE 0 B
S8 SR T s 80 4 i A% UL 0 4% G A% e il 3¢ W 144
Al SEPEAIER

KR KRR B AL(PMSM) 5 2B e ; A2 52
U5 — Ak i AE R

0 3|57

FKCTG 1) 25 R AL L HC 24 g B R BRI |
B AR/ N PSR A, B2 R T TR
PR AHURPLE AT s o T
EN s TR L i I STB L I WA (e i
ity OOk 2 SIS A T

JoAr B A et it ol 3 B 0 o ek A
T HL AL F BRI S T R MR O L AR
BRI T e A R L R O

e AU HIL g A 2 o D7 R T AR UL %
LA PRk e e R R B LAY
AL IR K R A A ML o A Al 3 rh A
FIT)ZR o AHRARGER B i B A% d T
bang-bang ¥ BT AE , HAEB AT AR A7 AE
FRYCEHIR I [ B SO0 £ Fr L BIL I H, 4
e 5 (R 8 e A ARG, RIS B 4 2 0 B S
PEAT—E BRI LA 3N T P R G = 2k
DAL A R R A LN i A7 14 0 I AT S b
MR R LR AR I g H 2L SCHRL 6 RAZ S AT
SR BSOS T sigmoid PR, [7] XS 0 A 10T
Frelcitt , wib T RGN . SCRR LT I AEAL L R
YRR Sl 51 AT Fal pREC, IS5 T HAL
Feahid P RHIRBLG . SCaR( 8 | it T A & B
g As , A S B 75 22 9 R B L s 8, 1K
P/ 1 LI JEE A AR RIS, PRAIE T 5 L A
HERPE . SCHRL 9 DR 2ot i B 1 SOV a8 A5
TR RULIN 25 ) I8 iz 4% , L BA ARG 9 e 3 e 15
SINHIRE ST SCERT 10 ] 3 T4 FROG Oy B A gL
X S RO TR, 08058 T RERIEHR

FERL G I O 88 7B 17 i R TP AT
F G PR LIRS BEAR BRI, A SCHR T — AR
1SR L ) K R TR 25 mi AL 2 I A o 7 0
D RGEEHIR 2 IR sign pRECE K
AR FZ G sin pRE, [RI I R T R R AR G B
P RS R £ S5 IR AR AR, 4R R T I RO
ARG TR L

© 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 1Y

Electric Machines & Control Application, Vol. 51, No. 1, 2024

15

1 k#EETBEINHFREE

TG [R5 AL B AR A R A A rL DI Y o 2
B, it A AL 85y T 18 RT DUAR G b %k Hy AL 2
FrEHIA Y o KRR LR — A 2 i
A MAEL M R G, P DL EA A R A X 2 4%
R T SR AR AR [R5 H AL ) SR A4 AT, 220 1Y
W3 TR A AE FRE TR T, Z % PR ATL SR 4 T J2%, AR K
AR = A B B 37 DA IE 5% 8% 0 A A R 25 )
i, FEEEERE b S AR IR AR BR R (a-B) T Y
CiR IR G yrp | R

o (L, = L) [i,
n
o ][]

I
B

Krfou, F1i, 5050008 o il b 04 HE H R R U 29

wg M i 53500k B 4l b () H S AT HL i 0 i 5 Ly, L,
G300 FATL A B A P JERRT A2 Bl UG 0, S AL
HL AR s R, WAL E TSRl B s e, ey 230
N o AN B RGeS L

e] . d . — sinf,
[eﬁ] = [t (we = i) + e [ o ]

(2)
A g H R BEARRESE R BEVRRESE R B/ 7 0] 5
d ARIRD) 50, S FHLA R A o
ME(2) al DUE H, BRI 9 8 S sl 3
5 AL o0 B8 0 LML sl A Pl £ J8UE
BEH e, e, WL EF R RIVAT SR AT F AL B0 e 562 5 A
137 S

2 fEEREHEEYNEE

NI R GBI, LR R G2
Hay R FL AL R S LA T A R LN 75, g
ST A o

H T AL A AU 1] 3 K008 T R s [R]
0, DRI P 30 R R S 300 P R AL 8 2 o 2 T
HEEL M @, =0, fzX(2) A5

d || _ T €
=]
$e = (3) 1y s 3 35 FARAEOR I HRL AL 7
P, AT AR ALY A2 B 5

ald-[s w1 [ l

Kfei=[i, i) 5e=[e, e]';

1 O
An=[we-AL-J—R5-1]/Ld,l:[o 1]’AL:L“

uﬁ} 5

0 -1

L . J=
=1

] sAp,=-1/L;; Ay=w.+J;B, =

L,
2 (4) FENT A A B AOULIN 25 6455 He, T 08 U
%%%ﬂ?f%fi EEZdJé%"XDE(ﬂ'

L H (11

(5)
[@,-AL-J-R.-I1]/L;;A,=w,J;C, =
Iﬂgn(L -i,) O

I/Ll,[ ] g
lgn(lﬁ ,;)IZI

me 73331 Shy R S UL 5 AR 2 R UL 45 ) 4
fito LA m RSOR WACBICE S P L A 3 P2 R L 4
SRR EHR , P e BARYE S PR R G 2R ok 5
HBRE

G 4 4 I 8 R UL 0 45 #9472 7 A 121 4 14 1
NS

iﬁ:qj IAH =

- 1/L;;Cy, =

B 1 fRaLpiEEuinsEmiER
Fig.1 Block diagram of the traditional full order

sliding mode observer
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Fig.3 Block diagram of the improved full order sliding

mode observer
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Permanent magnet synchronous motor is widely
used in many fields such as new energy vehicles,
drones and robot control due to the advantages of
simple structure, small size, light weight, low loss
and high efficiency. In order to save costs and
subtract the tedious steps of sensor installation, the
sensorless control mode becomes more and more
important.

Due to its strong robustness and fast response
speed, the sliding mode observer is widely used in
the estimation of rotor position and speed of
sensorless permanent magnet synchronous motors.
However, due to the existence of bang-bang control
function, the traditional full order sliding mode
observer has the problems of system chattering and
low observation accuracy during operation. Thus, a

full order

controllable boundary layer is proposed to solve these

sliding mode control strategy with
problems. The sliding mode gain and the slope of sin
function of the motor are linked with the motor
speed, so that the full order sliding mode observer
can identify more accurately in the estimation process
and increase the dynamic performance of the system.
Fig.1 shows the block diagram of the improved full
order sliding mode observer. A normalized phase-
locked loop (PLL) is introduced for speed estimation
to avoid the influence of parameter changes on the
which  makes the

The stability of the

algorithm is demonstrated using Lyapunov equation.

estimation , rotor  position

identification more accurate.

Finally, the reliability and accuracy of the improved

full order sliding mode observer sensorless control

system are verified through simulation and
experiments. Fig.2 shows the block diagram of the
sensorless control system. Since the full order sliding
mode can only be observed at high speed, the
corresponding Angle and speed can be well
observed, so I/F strong pull is adopted at low
speed. Then switch to the full order sliding mode
observer, and the sin function uses the table lookup
method during the experiment, which greatly reduces
the computation time. The simulation and
experimental results show that the rotor estimation
error of the improved full order sliding mode observer
is smaller than that of the traditional full order sliding
which  further increases the

mode observer,

application range of sensorless position.
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Fig.1 Block diagram of the improved full order sliding

mode observer
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Fig.2 Block diagram of position sensorless control

system
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