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Abstract: A very important component of the flight control of the airplane is the hydraulic 
servomechanism, which can be mechanical or electrical. In this paper a mathematical model for 
an electrohydraulic servomechanism (EHS) is proposed. EHS is modeled by a five-dimensional 
switched nonlinear system of differential equations. The novelty of the paper consists in 
approaching the presence of time delay in the mathematical model and in the study of the 
stabilization problem that arises. Since the ESH is an automatic system, there are two possible 
location of the delay: on state variable or on control variable. A study of the stability in the 
presence of delay on control will be presented.  
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Introduction 
An airplane features in its structure three 

primary flight surfaces, the aileron, the 
elevator, the rudder, which, through their 
movement, changes the air flow and the 
pressure on the wings leading to the change of 
the flight direction of the plane along the axis 
of rotation (longitudinal, lateral, vertical). 
Unlike the secondary flight surfaces that are 
controlled by the pilot via the actuators, the 
primary surfaces are controlled by the 
interpolation of some servomechanisms on 
the transmission line of the control. Surface 
handling takes place under high pressure 
conditions at high speeds, resulting in the use 
of mechanical and electrohydraulic 
servomechanisms (EHS), which meet these 
requirements. In this paper the dynamics of 
EHS with delay on control is studied. The 

basics of delay differential equations (DDE) 
with delay have begun since the 1950s, but 
most are purely mathematical works [1]-[6]. 
In the present work, a bridge between 
mathematical theory based on DDE and 
engineering applications is made. It continues 
the works of the authors in the field of 
hydraulic servomechanisms analysis and 
synthesis [7]-[12]. 

 
1. Mathematical model 
The mathematical model starts from the 

schematic representation of the electro-
hydraulic servomechanism, Fig. 1, and is 
described by the switching type systems of 5 
nonlinear delay differentials equations (1)-
(2), with respect to the sign of the variable	ݔହ.  
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Fig. 1. Drawing of the electrohydraulic 
servomechanism 

 
The notations refer to: input ݑ (the control 

variable) and output ݕ . The state variables 
are: ݔଵ , the load displacement; ݔଶ , the load 
velocity; ݔଷ, ݔସ the pressures in the hydraulic 
cylinder chambers; ݔହ, the EHSV spool valve 
displacement (opening).  
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The involved constants are: , the supply 

pressure; ݉ , the equivalent inertial load of 
primary control surface reduced to the 
actuator rod; ݂, the combined coefficient of 
the damping and viscous friction forces on the 
load and the cylinder rod; ݇ , an equivalent 
aerodynamic elastic force coefficient; ܵ, the 
effective area of the piston; ݇ the coefficient 
of internal leakages between hydraulic 
cylinder chambers; ܸ , the cylinder 
semivolume; ܤ , the bulk modulus of 
hydraulic oil; ߬ௌ , the servovalve time 
constant; ݇ௌ  proportionality coefficient 
relating the input voltage to servovalve to 
valve displacement; ܿௗ , the  discharge 
coefficient; ݓ,  the valve port’s width; ߩ, the 
hydraulic oil density. 

Since the open loop mathematical model 
of EHS is characterized by a critical stability, 
an inter-chamber leakage coefficient is 
introduced [13], in order to make the system 
stable, otherwise a special treatment with 
Lyapunov-Malkin theory is necessary [9]. 

Let us consider a generalized linearized 
system with delay on control 
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where A is the Jacobian matrices 
calculated in zero [14] and B is the control 
matrix defined by a column vector with the 
first four elements zero and the fifth element 
equal with ݇ௌ ߬ௌ⁄ . Based on the internal 
leakage model, the system is stable (matrix A 
is of Hurwitz type) and the pair (A, B) is 
controllable. Consequently, a control law 
ሻݐሺݑ ൌ  ሻ can be obtained, in this case byݐሺ࢞ࡷ
the LQR algorithm, so that the stability of the 
system is preserved [16]. A predictive type 
feedback control was chosen [14], [15] 
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 A -AsK x B (4)

Two cases were considered: without 
predictive control (5), and with predictive 
control (6) 

ሶ࢟ ൌ ࢟ଵ  ݐሺݑ െ ݄ሻ, ݑ ൌ ) ሻݐሺ࢟ࡷ
5) 

ሶ࢟ ሺݐሻ ൌ ሻݐሺ࢟ଵ  ݐሺ࢟݁ࡷ െ ݄ሻ 
ࡷ ݐሺݑ௦ି݁  ݏ െ ݄ሻ݀ݏ
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2. Results and conclusions 
Numerical simulations were performed in 

MATLAB&Simulink. The following design 
data, representing an EHS integrated in the 
aileron control chain of the Romanian jet 
fighter IAR99 were considered [7], [9], [10], 
[12]: m = 60 kg,  f= 3000  Ns/m,  k = 105 N/m, 
S = 103 m2, cd = 0.6,  ܸ = 310-5 m3,  ௦ = 
2107 N/m2, B = 6108 N/m2, ρ = 850 kg/m3,  
݇ௌ  = 104 m/V, valve port width ݓ  = 0.85 
mm, a maximal opening length of rectangular 
valve port ݔହ୫ୟ୶ ൌ 1 mm at maximal valve 
input voltage ݑ୫ୟ୶ ൌ 10	ܸ ), ݇ ൌ 0.04  
m5/(Ns) and τୗ ൌ 1 573⁄ 	s. The equilibrium 
regime [9] of the mathematical model 
suffered a perturbation of initial condition 
type on state x1, x1(0) = 0.4cm .   
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The representative charts on the 
comparison between the dynamics of the 
mathematical model without predictive 

control and the mathematical model with 
predictive control are presented in Fig. 2.  

 
 

1st case: without predictive control 2nd case: with predictive control 

 

Fig. 2. Comparative results on simu-lation the model without predictive control (left) versus 
the model with predictive control (right) 

 
The evolution in time of the five state 

variables the load displacement, the load 
velocity; the two pressures in the hydraulic 
cylinder chambers the EHSV spool valve 
displacement and of the control variable for 

each model is shown. Let remark the net 
different transient regime of quality variable, 
the load displacement x1, in the two cases. 
Both systems are stable, but in the first case 
the system recovers its equilibrium position 
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through an oscillating regime and with a time 
constant of approx. 0.3 s, and in the second 
case, the transient regime is fast and the time 
constant is the well known for the hydraulic 
servomechanism, approx. 0.03 s. Obviously, 
after stabilization, the control variables in 
both cases converge to zero. The predictive 
control performance was thus demonstrated. 
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