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PMLSM servo system control based on disturbance observer and
improved adaptive second order fast terminal sliding mode

ZHAO Ximei, LI Dehao, JIN Hongyan
(School of Electrical Engineering, Shenyang University of Technology ,Shenyang 110870, China)

Abstract : Permanent magnet linear synchronous motor ( PMLSM) is vulnerable to uncertain influences
such as friction, load disturbance and environmental changes during operation. A fast terminal sliding
mode control method based on disturbance observer and adaptive second-order was designed. Firstly, the
method combined the fast terminal sliding mode control on the basis of high-order sliding mode, which ef-
fectively accelerated the system response speed. Secondly, a conditional integral term was introduced on
the basis of the second-order sliding surface, which only acted inside the boundary layer, and could ef-
fectively avoid the problem of excessive overshoot and too slow response time caused by integral saturation
in the sliding mode arrival stage. In addition, an adaptive switching control law was designed to make the
switching gain within a reasonable interval and update in real time according to the system state, thereby
weakening the chattering phenomenon. Finally, in order to further improve robustness of the system, the
disturbance observer was used to compensate the lumped uncertainty of the PMLSM system. The experi-
mental results show that the control method has good position tracking accuracy and strong robustness,

and can significantly weaken the chattering phenomenon of the system.
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Fig.10 Position tracking error curves based on method 1

given in cosine

5 1 0,3 B G SRR AR
BA 8, WITEAFZSEZES T = IES A
AT, E MR A 10 ~ &1 12 AT LB A
XTI AR SLAE 3 R Ry AR T
FAAERAZ BT AR A A S n 4 e B, 20 il A4
IRAE M J37 P [ B LR B 58 22 /N, O s — i o
PREFIRZETE £ 1.5 pm BYDCE Y, 5350 2 FhoOr7 iy
BB PRER R ZE N 3 AE 2 F 2.5 pm AYIXTRI Y,
L KR, R 10 ~ 12 0 R A 2
(0.25 s <t <1 s) XM max min RMS = 14T
GAT2E M, AT as AR 2 R,

6
4t
X -2
4l
-6 ‘ | . .
0 0.2 0.4 0.6 0.8 1.0
Fif el /s
(a) FEIFE T AL B IRER IR Z M2
6 T T T T
at
i7
X -2
4t
_6 . . - -
0 0.2 0.4 0.6 0.8 1.0

B E]/s
(b) SEFRE T B, B BRERIRZE 2R
E11 RKREEETETHE_NMERRIREME
Fig.11 Position tracking error curves based on method 2
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6
4t
7
X o
4}
-6 . . . .
0 0.2 0.4 0.6 0.8 1.0
B} [ /s
(a) HEIFEE T OB BREF IR 22 M 26
6 : : . .
4,
iz
® -2
4l
-6 I I ! !
0 0.2 0.4 0.6 0.8 1.0

fit[E]/s
(b) SEBFREE T AL B BRER IR 2 MK
E12 fRZEAETETHFE=MUERERIREMLE
Fig.12 Position tracking error curves based on method 3

given in cosine
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Table 2 Statistical analysis of position error given

in cosine
AT pm
‘ R (T EG R/ TR ER)
Tk
max min RMS
— 0.68/1.34 -0.71/-1.32 0.18/0.35
- 1.10/1.82 -1.21/-2.01 0.40/0. 66
= 1.84/2.84 -1.86/-2.32 0.59/0.86
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