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Abstract: Aiming at the chattering caused by the traditional
sliding mode control using the discontinuous sign function as
the switching function, a sensorless vector control method
based on an improved sliding mode control with variable
structure for the permanent magnet synchronous motors is
proposed, so as to improve the static and dynamic
performance of the system. Firstly, a control system with
variable structure based on an improved sliding mode
controller (ISMC) and an improved sliding mode observer
(ISMO) is designed. Secondly, a continuous switching
function, hyperbolic tangent function, is used as the sliding
mode switching function, and its shape coefficient is adjusted
by fuzzy logic control to reduce the chattering caused by the
fixed boundary layer thickness. Then, the stability of the
control system is proved by utilizing Lyaplov ~s second
theorem. Finally, compared with other methods, the
simulation results verify the feasibility and effectiveness of the
proposed scheme.
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sensorless vector control system block diagram
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il a5+ 4t SMO YL ; ISMC+ISMO 2514 018
Je Wi o7 3 J3E 5 2 RS A PR RE AR AL T+ PT 5 4f 4% +
ISMO FZ5 44, LW W IR E] 2 5.5 ms, 3 5% o
X2 PR B R Tl e X AR L B G0 A 3 B A 4
ISR, BERE B (4 e iy oL A ] S AR AS R e

x3 BHSH
Tab.3 Motor parameters
L BV 24
WE TR/ W 100
e S/ (remin ") 3000
HiE A/ (N-m) 0.32
JEFHPH R/Q 0.17
TEEE i/ Wh 0.001 65
EFHERL/H 0.000 42
FEEE J/ (kgom?) 0.000 010 3
WX 44 p,, 2

x4 HEARRESH

Tab.4 Simulation experiment setting parameters

SHA SR
S HK, 100
R SHL K, 75

lerEetiane = g 10

AR HER ISMC+{£4: SMO 5 ISMC+ISMO
FEMA N R 2R 2% (HZ ISMC+ISMO 7Efa St
e A F ISMC+{£ %5 SMO, ISMC+ISMO (1%
IRFEZH A +4 v/min, ] ISMC+H{&ESE SMO (1% # iR
Z{E A +14 v/min,

& 9(a) hy PI+{L 45 SMO 254 1) 52 b e - £
FE SRS 7 A B, B 9(b) iy ISMC+ISMO [ 5
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B8 MF=GITAEEZITERESA 2 000 r/min fy
HELER
Fig. 8 Simulation results of four control methods

at running speed of 2 000 r/min

B9 PI+f5% SMO #1 ISMC+ISMO % 2 000 r/min Rt

HWETFRE
Fig.9 The rotor angle of PI+ traditional SMO and
ISMC+ISMO at 2 000 r/min

PRl 7 S AL S e T I 10 (a) O PI+f%
4¢ SMO Z5H4 5% 1M D22, 181 10(b) Jy ISMC+
ISMO (5% MmIEiR 2%, SE 10(a) Xt e, & 10
(b) i 22 I 3l W 4 /0N, BE 68 J B il ISMC +
ISMO Xof 58 B2 42 i A7 35 S8 4 (9 BR B OR A+
PLREST X T RGNFEVEREA A IEGE
TELEE R E A 1 000 r/min FYHEH T 17, &
11 g DU D7 kAR s AT 1000 r/min ()
PrEER . e 11, PT 6% + 2 58 SMO 11
LK 5 PP A +1SMO £ Rz i ] |- AT
YAE 6 ms 7e47 . H PIAEHIER+ISMO 7EfR S PERE
AT PL R 47+£4E SMO; ISMC+ISMO 4514

B 10 PI+{£% SMO #1 ISMC+ISMO #t 2 000 r/min Af
HWETRERE
Fig. 10 The rotor angle error of PI+ traditional SMO
and ISMC+ISMO at 2 000 r/min

B 11 R E A EIEITIE B 2 1 000 r/min §9
HEER
Fig. 11 Simulation results of four control methods at

running speed of 1 000 r/min
TCVE A Wi 7 8 P b S AR AR PR REAR AL T PT 42 6% +
ISMO R4S H4 , Wi 2 8] 5 4 ms, 48 3 HE 3.2%
A PR g TR T e R AR L R G & A A
HIRCR LI et T fE

FARP IR ISMC+£ 4 SMO 5 ISMC+ISMO
TENA E 22 A% {H 2 ISMC+ISMO fEfa 2t
fE L ALT ISMC+L4E SMO, Rif & e iR 22 {H LM
+1 v/min, )5 & H+4 r/min,

K 12(a) Ay PI+(E4GE SMO S544 1) 52 bRk 1 f
JES ARG T AL, I 12(b) Sy ISMC+ISMO #1952
PRl 7 f R S AL B e T M R I 13 (a) O PI+f%
45 SMO SR %G 1M EE R 22, 18] 13 (b) y ISMC+
ISMO AyS% T MR 2, K 13(a) 5 13(b) Af
LAF3J0, ISMC+ISMO #H LT PI+&4E SMO 1% 22
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Ve B K8 BE/IN AR B 7 H A o Xk AR
MR G RIRCRA AR T T

B 12 PI+£% SMO #1 ISMC + ISMO #£ 1 000 r/min

HHNEFRE
Fig. 12 The rotor angle of PI + traditional SMO
and ISMC+ISMO at 1 000 r/min

Zi LTk, BAR PRI GSX TEM R A &
FEH SRR BOR  (ERX THE L P R G Ry 42 il
SELLE L 2R, GRS IS 8 sh e RE S
FRASTEREAFAE T i R G SRR AL IS R
B AR ] DI ) ISMC+ISMO %
W R GAHLL T PT AR5+ 48 SMO #5 1 R4, o
YA MR N P I SRR A PR R , HLAR RS AL

1 iE

AR SCOR FH S 7 A4 o) 1 + A 7R 3 A5
DU (R4 ) 25 480, SR FH 322 852 1) T 5 bR B——— Uil
TE Y PR B AN 7 22 18 FF 5% R E——1F 5 PR 25
b B B AR —— RO A e U 1 ) R R
TEAR R BGHEAT T, 2 4 2 A2 B, S
R Tl 255 VA XL 25 114 75 &5 ) A FHL | DA T 1) 555
ARG EHRINS

2 TR, SR FH ISMC +ISMO 45 #4 114 23 il 2
42, % F PMSM (¥ o o7 A% Sk 0% B 1 i VS Bl O
2T PRI S+ VA UL I 2545 ) 4544 , i3t
T RGMRETERE, 2 T R G0Ny R, T
R EEE. RS AR T Znn]

B 13 PI+f£% SMO #1 ISMC+ISMO 7 1 000 r/min
e FRERE
Fig. 13 The rotor angle error of PI+ traditional SMO
and ISMC+ISMO at 1 000 r/min
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The permanent magnet synchronous motor
(PMSM) is widely used in industrial and residential
applications due to its high power density and
compact size, and the sliding mode control is

adopted in non-inductive vector control of permanent

magnet synchronous motors to achieve stronger
robustness and faster response.

Aiming at the chattering caused by the
traditional ~ sliding mode control using  the

discontinuous sign function as the switching function,

this paper proposes a sensorless vector control
method based on an improved sliding mode control
with variable structure for the permanent magnet

the

dynamic performance of the system. The system

synchronous motors to improve static and

model is shown in Fig.1, which includes an improved
sliding mode observer (ISMO) and an improved
sliding mode controller (ISMC).

Fig.1 Improved sliding mode variable structure

sensorless vector control system block diagram

S3

In order to reduce chattering caused by a fixed
boundary layer thickness, the improved sliding mode
observer and controller employ a continuous
hyperbolic tangent function as the sliding mode

Then,

magnitude of the error, the shape coefficient of the

surface switching function. based on the
hyperbolic tangent function is adjusted through fuzzy
logic to control the thickness of the boundary layer.
The simulation results show the effectiveness of
Fig.2, the
response speed of our ISMO and ISMC structures is
comparable to that of ISMC and traditional SMO
structures, and they are better than PI and SMO
In of

performance, the rotational speed error of ISMO and

the proposed scheme. As shown in

control  structures. terms steady-state
ISMC structures is 4 r/min, which is more stable
than the other three compared schemes. Our proposal
can improve the static and dynamic performance and

weaken the chattering of the system.

Fig.2 Simulation results of four control methods at

running speed of 2 000 r/min
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