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Abstract

This paper presents the design of a new robust Sliding Mode Controller for
the electro-hydraulic servo system. In classic approach of SMC are
unfavorable effects of frequent switches of the control signal appears. This
phenomenon is called the chattering effect. To reduce this effect, a new
method of the Sliding Mode Control design with changing switching gain
along the Lagrange’a multiplier is proposed. Simulation results and
laboratory experiments indicate that the control approach is very robust
and considerably improves the position tracking accuracy.

Keywords: Electro-hydraulic servo system, Sliding Mode Control, Lagrange’a
multiplier.

Algorytm sterowania slizgowego
w zastosowaniu do serwonapedu
elektrohydraulicznego

Streszczenie

Artykul prezentuje nowe podejScie w uzyciu algorytmu slizgowego
w zastosowaniu do serwonapedu elektrohydraulicznego. W klasycznym
podejsciu algorytmu $lizgowego pojawia si¢ niepozadany efekt czgstych
przetaczen sygnatu sterujacego. W celu wyeliminowania tego zjawiska,
w artykule zaproponowano uzycie metody wyznacznikow Lagrange’a.
Wyniki symulacyjne jak i laboratoryjne wskazujg na wysoka opornosé
uktadu na zaklocenia przy zachowaniu dobrych wiasciwosci
dynamicznych ukfadu jak i ,,gtadkim” sygnale sterujacym.

Stowa Kkluczowe: Serwonaped elektrohydrauliczny, algorytm §lizgowy,
wyznaczniki Lagrange’a.

1. Introduction

Nowadays electro-hydraulic servo systems are very important
tools for industrial processes because of their high power to
weight ratio, high stiffness, and high payload capability. However,
the control of electro-hydraulic systems can be a difficult problem
since their dynamics are highly nonlinear [1, 2, 3]. For example it
is not easy to tune the control parameters when designing the
control system with classic control methods such as PID [1, 4, 5].
Therefore, the investigation of the position or force control for
electro-hydraulic actuators should be of great interest from both
academic and industrial perspectives. Some control techniques, for
example adaptive control, sliding mode control and feedback
linearization, are used to compensate for the nonlinear behavior of
the hydraulic systems [6].

Variable-structure systems with a sliding mode were discussed
first in the Soviet literature, and have been widely developed in
recent years. Sliding mode controllers are designed to robustly
control systems with the model imprecision, and are known to
achieve almost perfect tracking. The price for the good
performance, however, is extremely high control activity. The
main drawback of the SMC is “chattering effect” which can excite
undesirable high-frequency dynamics. Several methods of the
chattering reduction have been reported in books and articles

[7, 8, 9]. One approach places a boundary layer around the
switching surface such that the relay control is replaced by
a saturation function. Another method replaces a max-min-type
control by a unit vector function. These approaches, however,
provide no guarantee of convergence to the sliding mode, and
involve a tradeoff between chattering and robustness [6, 8].

This paper discusses the design of a sliding mode controller
with the Lagrange‘a multiplier techniques to achieve a reduced
chatter and system robustness against parameter uncertainty,
disturbances, and nonlinearities. The proposed method was
applied to a laboratory stand. Simulated and experimental results
were obtained that verify the validity of the proposed method in
terms of smooth sliding control and robust performance.

2. Controller Design

The hydraulic system for one axis may be described by 3-th
order linear time-varying equation of the form (1):
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where y(t) and u(t) are output and input variables respectively. The
coefficients a;(t), i=0,1,2 and b{t) are time-varying parameters. We
assume that their varying ranges are known as follows
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and b(t) > 0. The term d(t) represents a disturbance of which the

maximum absolute value, max |d(t)], is also assumed to be known.
Equation (1) can also be represented as the state equation of the

form (5):
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Let us introduce the following first-order system that is related to (6).

Xo = Xref - Xll (6)

where X is a state variable and X, is a reference input.
The switching function o to the augmented system (5) and (6) is
chosen as

0 =D X =CXo +C X, +C,X, + X, )
i=0

where ¢, = 1 and ¢; i =0, 1,..., n-1 are positive coefficients
ordered model of electro-hydraulic system.

The idea of the SMC algorithm is to the control law u(t) aimed
to 0 = 0. In an on-line control, it is impossible to try mark o, which
would be equal to zero, because this would lead us to an extension
of the time needed to calculate the parameters of the control
signal. In this case, we can use Equation (8) which guarantees that
the hitting condition is satisfied and the state reaches the manifold
switching in the finite time.
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Let us assume that the condition for a sliding hypersurface exists.
From (5), (6) and (7) we have:
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We choose the control law in the form

U= K + Ky =Ky +Kx + KX, + Ky, (10

i=1

where K; i=0, 1, ..., n are required gains. Using (9) and (10), we
obtain
oo =[(a, - ¢, +bK;)xo]+[(a, — ¢, +bK,)x,0]+

(11)
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The trajectories move towards the sliding hypersurface (¢ = 0) and
continue on it if the gains K;  i=0, 1, ..., n are chosen as:
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On the basis of the state variables x;, X5, X3, Xt and the sign o, in
every step of algorithm the coefficients of Ko, K;, Ky, Kj are
appointed. As a result, the control signal very quickly changes, but
the arrangement shows a high robustness, what is visible in Fig. 1.
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Fig. 1.  Step respond with disturbance signal: a) reference, measured and
disturbance signal; b)control signal

Rys. 1. Odpowiedz skokowa ukfadu: a) sygnat zadany, mierzony i zaktocenie;
b) sygnat sterujacy

Due to the chattering effect it is necessary to search for another
law of control. In this case, the method of the Lagrange’a
multiplier can by applied.

3. Lagrange’a multiplier
To solve Equation (11), it is required to find the value of

determinants K;. In this goal, we introduce Equation (11) in
another form:

6o =1,K, + 1K, + 1K, 16K, 4T, (14)
where:
r,=ho
r=bx,c
r,=bx,o (15)
r,=bx,o

I, =(3y = C)X,0 + (8, = C;)X,0 + (8, = ;) %0+ (d = Co X )

It is necessary to solve the task of optimization in form:

minB(K02+K12+K22+K32)} (16)
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at the limitation
rK, +1,K, +1,K, +r,K, +1, <0 a7

The solution of tasks (16) and (17) is as follows:
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4. Experimental Results

To demonstrate the performance of the proposed rule, the
research has been done on an electro-hydraulic servo system on a
testing stand, whose picture is presented in Figure 2.

Fig. 2. View of the electro-hydraulic servo system: 1) servo-valve,
2) piston, 3) position encoder, 4) load platform, 5) mass,
6) support
Rys. 2. Stanowisko serwonapgdu elektrohydraulicznego:
1) serwo-zawor, 2) sitownik, 3) n-koder, 4) wozeczek,
5) masa, 6) rama

The system consist of a hydraulic actuator, electro-hydraulic
servo, pump, position encoder and computer with input/output
cards.

The schematic diagram of the control system that is considered
in this paper is shown in Figure 3.

| Y X
p—-..\_—. SO0 g m—

derivalive

l

Fig. 3. Schematic diagram of the control system
Rys. 3. Schemat uktadu sterowania §lizgowego

Figure 4 shows the responses of the reference signal. As we can
see, the control signal is much more smoother than the classic
control SMC with the chattering effect but this signal isn’t ideally
smooth.
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Fig. 4.  Step response of the electro hydraulic servo drive: a) reference and
measured signals; b)control signal

Rys. 4. Odpowiedz skokowa serwonapedu elektrohydraulicznego: a) sygnat
zadany i mierzony; b) sygnat sterujacy

In Figure 5, the same testing is presented but now a very strong
signal of disturbance is added. As result, the response of the
hydraulic system is almost identical as the response of the system
without the disturbance signal.
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Fig. 5.  Step response of the electro hydraulic servo drive with the disturbance
signal: a) reference, measured and disturbance signals; b) control signal

Rys. 5. Odpowiedz skokowa serwonap¢du elektrohydraulicznego wraz z sygnatem
zaktocenia: a) sygnal zadany, mierzony i zaklocenie; b) sygnat sterujacy
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5. Conclusion

The paper shows the detailed design procedure of the dynamic
integral sliding surface control. The central objective of the design
is to demonstrate the robustness of the proposed controller. The
control input is nearly smooth, and the compromise between the
smoothness of the control input and the robustness recovery is
obtained. The simulation results show that the proposed controller
makes the system response - insensitive and provides a good
performance for this highly nonlinear system.
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