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Tab.2 Parameters of two sliding mode speed control

Zz B &4 SMSC B SMSC
c 5 5
ki 0.1 0.1
ks 100 100
n — 0.001

M) ER R e A0 T PT #50) 25% o [A) I AL 8e FIE 11c
HRORT RN, TR I R s R Bl /N T PT 4R A . PI
3 10 2 B AR T DU I 8K A R AR AUE 5 9 R4 1 2 A
[F] 1R &) T PR R R i, (R AN HE R B, D 3R I )
Al q B SOk . A 10a. & 10b FTE
12a. & 12b a5, 7 P 5 A5 50 v A5 2ok )3 4%
TR e R ) R R 22 A A 0.14 m/s i
0.13 m/s, P45 35 1) BRI i B 6 A AR [R] 5
Pyt N . [RAEHL, A 10c. Bl 10d FTE
12c P& 12d ] 0, SHr 280 v A5 4 o 1 a3 5 A
q B BN/ T PLES IS o O6F L T AR T 428 o A
PL P w] 01, e B 42 ol A B ) ek A 8 e
D~ N B A q iR IR B 4 e

M 11a. B 116 ATE 122, K 12b 0[50, A1
K25, RS EPEREA ZE A R OL T, P& i) ad
FERZE N 0.18 m/s F1 0.13 m/s, 7 8 9 Mk
A B A BRI A I E RN, A e giEan
PRI IR R R, Bhas e B B Ao HE A 1lc.
B o11d AT 12c. B 12d w40, o B in R
BEBNFN q PR AN AR IH WIS o AT A
g, XHEIMAN TR TSMDO, M5 125
Wit A 0=100, =500,

i TSMDO ¥ IR W 13 fros. MK
12a. 12b 1P 13a. B 13b w40, A TSMDO
Joi, P ERERR ZZ UMK 0.11 m/s, T TE B R
PEVERETS B s . KL 12¢. 12d Al 13c.
13d Hnl BN, IR R B A q il e R B T
N A P VIR -5 i S v R VIR
DA — B IE R B 4, AL B AE T 1,
WG S INME 5 FL S Eh A 584 — 2.
U, BB (0 I VR b TR AT M, AR A AT
TEPRBN e, RIDTE R S AR SR A AT T4 7 ik
REMS W99 PEBN I 2, R JCVE A B 58 2 T B

JE, I RS, A =R R R B RR A,
R A B B PR RS L — SO TR R, S sk
96 VEREFR AR EE ILER 3.

T A A
6r —lﬁzgﬁ’ﬁ{ﬁ .
Q) ! Ksmls =T
S 4 ~
= I el I
3} 2 ! 1
| |
% 0#/" 1 :
: g b MR
- i i
0 0.1 0.2 03 04 0.5 0.6 0.7
Bt Rl/s
(a) 37
03
0.2
@ I |
£ ooif :
% —0.1 i 0.1 /s ¥ i
O T R T ot
-0.3 .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
s Hl/s
(b) M=
20
M 12,5 m/s”
% 15 ‘
L__ NS e -
E’ 10 J‘ [T \‘(\
= i / |
o s ! ! RS
= [ [ 0 m/s’
i ! !
) S PN ! —
S ! Hlﬂiiisiﬁz ! ’aiﬁﬁlﬁ
0 0.1 02 03 04 0.5 0.6 0.7
Hikl/s
Ce) B Ik
— AR PR
1005 AR
! P 4l
2 sl = :
w I
g | M
O [ |
i JilIpiibur ] B Uy
—50 I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
I /s
(d) q HhH
Kl 13 i5H TSMDO )45 il sk 1
Fig.13 Control performance with TSMDO
x3 ZSHEREIEHIREE R REIE AR L
Tab.3 Comparison of the performance of
three speed control strategies
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Novel Sliding Mode Speed Control Strategy of
Permanent Magnet Linear Synchronous Motors with Section Power Supply
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(1. State Key Laboratory of High Density Electromagnetic Power and Systems
Beijing 100190 China
100049 China)

Kong Ganlin'?
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Abstract Permanent magnet linear synchronous motors with section power supply are affected by
disturbances like load force, detent force, and friction force. In the field of electromagnetic drive, the stator track
is long. Linear motors usually adopt a segmented structure to save inverter capacity. However, it is difficult to
ensure that the air gap of each segmented stator is equal during installation. Therefore, the mover is affected by
the normal force. In addition, the load is usually accelerated to the target speed in a short time, so
electromagnetic drive devices are usually operated under high current and high acceleration conditions, where the
motor parameters are prone to change. Due to the lack of intermediate transmission devices in PMLSMs, these
disturbances will directly affect the motor drive system and are included in the output of the controller. An SMSC
with a novel convergence law is designed to ensure the fast convergence of speed and suppress the chattering.
The designed TSMDO observes the disturbance output to ensure the disturbance suppression performance. Then,
the acceleration fluctuations are reduced, and the thrust fluctuations are suppressed in the motor output.

Firstly, a mechanical motion model of PMLSM is established based on Newton's second law. It takes the
disturbances as the lumped disturbance d(¢) caused by load force, detent force, friction force, normal force, and
parameter variation. Secondly, the shortcomings of conventional sliding mode control are analyzed, and a new
adaptive sliding mode approaching law is proposed. The designed sliding mode approaching law ensures that

variables can approach the sliding mode surface at a fast speed. As the state variables of the system gradually
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approach the sliding mode surface, the designed sliding mode approaching law can reduce the speed to weaken
chattering. Then, due to the presence of d(¢) in the output of the sliding mode speed controller, the TSMDO is
designed to compensate for it. This observer is equivalent to a first-order low-pass filter. Finally, the proposed
SMSC strategy is compared with PI control and conventional SMSC.

The experiments show that the PI controller can improve the dynamic tracking performance of speed by
increasing 4. However, this increases the acceleration fluctuation. At the same time, there is a noticeable
overshoot when the rotor enters the constant speed range. The conventional SMSC has better dynamic tracking
performance than PI control, resulting in small acceleration fluctuations. However, due to the fixed sliding mode
gain, the increasing sliding mode gain increases the overshoot. The proposed SMSC has a faster tracking speed
and better dynamic response than the conventional approaching law because of the new sliding mode approaching
law. The proposed SMSC can adaptively change its gain when the speed state changes, ensuring good
speed-tracking performance and reducing overshoot. The designed TSMDO effectively reduces the impact of
thrust disturbances, acceleration fluctuations, and thrust fluctuations.

The main conclusions are as follows. (1) The proposed new sliding mode approaching law has a fast
convergence speed due to the adaptive gain function f{x;, s) for adaptively adjusting the sliding mode gain. It can
weaken chattering, ensuring speed dynamic tracking performance and convergence speed. (2) The designed
TSMDO has a small chattering phenomenon. The introduction of TSMDO effectively suppresses the total
disturbance d(f) in the SMSC output, reduces acceleration fluctuations, and ensures stable thrust output of the
motor.

Keywords: Permanent magnet linear synchronous motors, acceleration fluctuations, sliding mode speed

control, terminal sliding mode disturbance observer
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