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Abstract. In order to meet high precision and high reliability required for the permanent magnet
linear motor servo system, a method that combined dliding tracking mode controller and the Hoo
disturbance compensator is proposed. The weighted integral gain sliding mode controller effectively
solves the problem of switching gain increase on non sliding mode phase.The Hoo disturbance
compensator effectively suppresses the effect of chattering sliding mode control in the linear motor
servo control system and inhibited avariety of disturbanceswithin the closed-loop system. The results
of simulation show that the proposed method can make permanent magnet linear motor servo system
have good dynamic performance, strong robustness and the insensitive to system parameter
variations.

Introduction

Compared with permanent magnet rotating machine, the permanent magnet linear motor has the
advantages of high positioning accuracy. For al these reasons, the linear motor will be widely used in
NC servo system. In order to improve the servo performance of direct drive control system, it is
necessary to use effective methods to suppress or compensate for various di sturbances'™ . This paper
proposed a composite control strategy of weighted integral gain Hoo robust sliding mode controller
and disturbance compensator combination according to the requirements of dynamic characteristics
and robustness of high precision permanent magnet linear motor servo system. In order to make the
linear servo system has afast dynamic response tracking, put forward the integral switch sliding mode
variable structure controller, the negative direction into the integral term in the weights of K can
effectively avoid the non sliding mode switching gain some problems.

Design of weighted integral gain sliding mode controller

In order to achieve high precision, high stability and good dynamic tracking performance of the direct
drive system, this paper adopts the method of weighted integral switching gain sliding mode control
to design the tracking controller. In this section, a sliding mode control method is proposed to
improve the integral gain, which is called Ky, which is used to solve the problem. The vector control
motion equation of permanent magnet linear synchronous motor in d-q coordinate system i

M% + Bv = Kii, - F, (1)
d=v

Attention:
F,=F_+F, )

F, shows externals tota disturbance; F, shows load disturbance; £, shows periodic fluctuation
thrust caused by end effect of linear motor. Mathematical mode! :

F, = F, COSC- 21 +0 2 &)
et a
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F;,, shows the amplitude of fluctuating thrust; g,showsinitial phase angle;t shows polar distance;

s shows the displacement distance of motor mover.
If thetracking error is ¢, = (s, - s), State variableis x =[¢, & ", the equation can be rewritten as:

k(1) = A x(¢) + B.u(t) + D F, (4)
y(t) = I X(0) (5)
Attention:
u(r) =i,(r) isthe control input signal.
@O 1 ¢0 0 é 0u
A, =8 U, B =gl p =€ 10 r =1
cTay . By BeTgKey Pty 1y Lo [10]
e M éM QO & MQ

The chattering of the sliding mode controller is the key point of the design.In this paper, the sliding
mode control law is presented:

u=u, tu, (6)
Attention:
u,, =-(CB) *CAx
Z'ld =- Kw

rlsan(s), X, >0
r =K, 1 +s)dr, K, <0 (7)
s (1) =Cx, C satisfys the stability condition of sliding mode and CB >0. In the integra
expression above r , whenr >0, K ,r <0,0n the other hand ,when r <0, k,r >0. Due to the

addition of negative weights Kyin formula (7) .

Design of disturbance compensator on Howo

x=[x, x,|'is state variable, x, shows the difference between the reference input and the actual
output; x, isintegral for x,;u isControl input signal; w istotal external disturbance; The augmented
object G includes weighting function and object state equation:K = [k, K,]|shows the disturbance
compensator of K,(s) and K,(s). C and D are Weighting matrix. z is disturbance compensation
evaluation signal. @ shows the sum of external disturbances.

T ch

r-—

K

Fig.1: The structure of disturbance compensator on H,,
The uncertainty caused by changesin theinternal parameters of the motor design parameters « and

d perturbation respectively 61(f), 02(f)» by equation (4) by permanent magnet linear motor
augmented object state equation:
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The coefficient of the external perturbation is usually taken as the maximum vaue of the
perturbation. The weighting coefficientq, >0, ¢, >0isused to adjust the allowable range of error. By

the formula (4) to determine the H,, infinity with standard internal parameter perturbation and
external disturbance of the controlled object:
i%=(A+DA)x+B,0+ (B, +DB)u
% z=Cx+Du
Attention: A,B,,B,,C,D isKnown quantity, DA
and DB are parameter perturbation matrix. DA - DB :
[bA DB]=EQ[F, F,] (10)
Attention: E,F,,F,isKnown constant matrix, Q is Unknown matrix and

=fowle waw e, 4,
Q1 @, is unit matrix.

For a given object augmented state equation (9), available for state feedback controller:
u = Kx (11
The closed-loop system satisfies the following two standard H.,, control standards:
1 QI Qstability of closed loop system

1 QI Qtheclosed loop transfer function from w to zis satisfied:
[T (s)], <1 (12)
Builtup D'[D c]=[I 0], For the controlled object equation (9), the state feedback controller K

and positive definite matrix X . The sufficient and necessary condition for the closed-loop control
system to satisfy the criterion and the second is that the scalar lambda 4 > 0 makes the Riccati
inequality:

9)

1
ATX +XA +X(B,B] +| ’EET)X +CTC+|—2F;Fa (13)

- (XB, +|1 FTF,)R2(B] x+|inFa)<o

There are definite solutions, which if type (12) has a solution, then meet the standard H., robust
performance criterion of the state feedback controller of is asfollows:

K=-R?B;X+I*FF,) (14)
If the maximum value of the perturbation in formula (8) is considered. |d2 (t)| £s,, |dl (t)| £s,,
s,>0,s,>0 are Known quantity.

Simulation resultsand analysis

The parameters of the controller are K,,=46,C=[30 1], Ks=-0.6. The maximum amplitude of the
parameter variation is 10%, and [d,(1)|<25% , |d,()<125% , s, =25% , s, =125% . when

g, =50;¢, =2500;1 =3.1, the H,, disturbance compensator parameters is K =[70.70 2511.1] The
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simulation was carried out on the sudden load of permanent magnet linear motor servo system under
the condition of varying load parameters.

Condition 1: the weighted integral gain sliding mode controller is simulated.
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Fig. 2: Displacement step response curve Fig. 3: Speed respond cruves Fig. 4: Control input signal curve

Condition 2: the weighted integral type sliding mode control combined H., control method for load
disturbance compensation.
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Fig. 5: Displacement step response curve Fig. 6: Speed respond cruves Fig. 7: Control input signa curve

Comparison of Fig 3 and Fig 7 showsthat there isacertain chattering phenomenon in displacement
step response curve, and the steady-state position error in condition 1. The chattering phenomenon is
eliminated effectively, and the steady-state displacement response has no static error in condition 2.
Comparison of Fig 4 and Fig 7 can be seen: Condition 1 is not only faster than the simulation 2 of the
output of alarge overshoot and steady-state output error is also large.

Conclusions

This paper proposed amethod of weighted integral gain compensation control of sliding mode control
and Hoo control based on disturbance. In order to make the direct drive servo system have good
dynamic tracking performance and strong robustness, this paper presents an integral switching sliding
mode variable structure controller. In order to solve the chattering problem in sliding mode near the
line, using the standard Hoo control theory to design a disturbance compensator.
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