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Simulators are used in many areas of technology, especially in modeling of movement of 

various controlled objects, including airplanes. Electro-hydraulic servo drives (EHSD) are applied 

to ensure high precision control of the aircraft simulator platform. The problem of synthesizing 

EHSDs for aircraft simulators is still relevant despite the widespread use of such drives in aircraft 

control systems, robots, power plants, machine tools and testing machines. This is explained by the 

fact that real EHSDs refer to nonlinear systems that in general have insufficiently defined and non-

stationary parameters when used in simulators. 

Modern methods of control theory allow to optimize EHSD, providing the required quality 

indicators of dynamic characteristics. 

However, the successful solution of the problem of optimization of EHSD largely depends 

on the completeness of information about the influence of various factors on the parameters of the 

drives. It is advisable to seek a solution in the class of robust systems given the uncertainty of this 

influence. The widely used EHSD scheme consists of a hydraulic cylinder (HC), a displacement 

sensor and an electro-hydraulic amplifier (EHA) (Figure 1). 

 

 
Figure 1. Electro-hydraulic servo drive scheme 

 

The mathematical description of the dynamic processes in such EHSD can be represented 

by the following equations [1, 2]: 
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where fB  – bulk modulus of fluid; 

0V  – volume of fluid in one cavity of the hydraulic cylinder with the average position of the piston; 

vQ  – fluid flow rate through distribution valve of electro-hydraulic amplifier; 

cF  – working area of hydraulic cylinder piston;  

y  – displacement of hydraulic cylinder rod; 

m  – sum of the masses of the piston, hydraulic cylinder rod and the mass of the control device 

driven to the rod; 

frk  – coefficient of viscous friction; 

fP  – external force. 

The parameters of the proportional controller were selected in the presence of feedback on 

state variables in order to ensure the stability of the closed system and optimize the transient 

characteristics. The solution is obtained using the Riccati equation and the system control equation 

[1,3,4,5]. 
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where PBRK
T1  – coefficient matrix of state variable regulators; 

P  – nonnegatively defined symmetric matrix; 

Q  ɢ R  – positive definite symmetric weight matrices. In this case: IQ   – unit matrix, 
r

R
11  , 

where 1r  – weight coefficient. 

Regulators in the form of corrective devices can also be designed based on search 

optimization methods [5]. 

The standard form of the equations of state of a linear stationary continuous system is: 
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where 
dt

tdx )(
 – time derivative of the state vector )(tx  of dimension )1( n ; 

A  – system coefficient matrix )( nn ; 

B  – entry matrix )( mn ; 

C  – exit matrix )( nr ; 

)(tu  – entry vector of dimension )1( m ; 

)(ty  – exit vector of dimension )1( r . 

The optimal values of the regulator coefficients were determined so as to ensure the 

minimum value of the integral criterion, which takes into account the time and error modulus, with 

a step input signal [6]: 


T

dttetI
0

)( , 

where T  – the upper limit of integration is chosen arbitrarily so that the integral tends to the final 

value. It is usually convenient to choose T  equal to the settling time SETT ; 

e  – error after adder (Figure 2). 

The block diagram of EHSD with feedbacks on state variables is presented in Figure 2 [6, 7, 

8, 9,10]. 
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Figure 2. The block diagram of EHSD with feedbacks on state variables 

 

Figure 3 shows the transient characteristics of EHSD with a synthesized regulator for state 

variables. 

 

 
Figure 3. Transient characteristic of EHSD with an additional regulator for state variables 
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ȿɥɞɟ 3D-ɩɪɢɧɬɢɧɝ, ɨɧɥɚɣɧ-ɫɚɭɞɚ, ɦɨɛɢɥɶɞі ɛɚɧɤɢɧɝ, ɰɢɮɪɥɵԕ ԕɵɡɦɟɬ ɤԧɪɫɟɬɭ ɫɟɤіɥɞі 
ɞɟɧɫɚɭɥɵԕ ɫɚԕɬɚɭ, ɛіɥіɦ ɛɟɪɭ іɫіɧɞɟ ԕɨɥɞɚɧɵɥɚɬɵɧ ɠԥɧɟ ɛɚɫԕɚ ɞɚ ɩɟɪɫɩɟɤɬɢɜɚɥɵ ɫɚɥɚɥɚɪɞɵ 
ɞɚɦɵɬɭ ɤɟɪɟɤ. Ȼԝɥ ɢɧɞɭɫɬɪɢɹɥɚɪ ԕɚɡіɪɞіԙ ԧɡіɧɞɟ ɞɚɦɵԑɚɧ ɟɥɞɟɪɞіԙ ɷɤɨɧɨɦɢɤɚɥɚɪɵɧɵԙ 
ԕԝɪɵɥɵɦɵɧ ԧɡɝɟɪɬіɩ, ɞԥɫɬԛɪɥі ɫɚɥɚɥɚɪԑɚ ɠɚԙɚ ɫɚɩɚ ɞɚɪɵɬɬɵ. 

Ɉɫɵԑɚɧ ɨɪɚɣ, Ԛɤіɦɟɬɤɟ «ɐɢɮɪɥɵԕ Ԕɚɡɚԕɫɬɚɧ» ɠɟɤɟ ɛɚԑɞɚɪɥɚɦɚɫɵɧ ԥɡіɪɥɟɭɞі ɠԥɧɟ 
ԕɚɛɵɥɞɚɭɞɵ ɬɚɩɫɵɪɚɦɵɧ...»,-ɞɟɥіɧɝɟɧ ԔɊ ɉɪɟɡɢɞɟɧɬіɧіԙ Ԕɚɡɚԕɫɬɚɧ ɯɚɥԕɵɧɚ ɚɪɧɚԑɚɧ 
«Ԕɚɡɚԕɫɬɚɧɧɵԙ ԛɲіɧɲі ɠɚԙԑɵɪɭɵ: ɠɚһɚɧɞɵԕ ɛԥɫɟɤɟɝɟ ԕɚɛіɥɟɬɬіɥіɤ» ɚɬɬɵ ɠɨɥɞɚɭɵɧɞɚ[1]. 

ɋɨɧɵɦɟɧ, ɟɥіɦіɡɞɟ «ɐɢɮɪɥɵԕ Ԕɚɡɚԕɫɬɚɧ» ɦɟɦɥɟɤɟɬɬіɤ ɛɚԑɞɚɪɥɚɦɚɫɵ іɫɤɟ ԕɨɫɵɥɚɞɵ. 
ɇɟɝіɡі ɛɵɥɬɵɪ ԕɚɥɚɧԑɚɧ ɨɫɵɧɚɭ ɠɨɛɚɧɵ Ɇɟɦɥɟɤɟɬ ɛɚɫɲɵɫɵ ɤɟɲɟɝі ɯɚɥɵԕԕɚ ɚɪɧɚԑɚɧ 
ɀɨɥɞɚɭɵɧɞɚ ɟɪɟɤɲɟ ɚɬɚɩ ԧɬɤɟɧ ɛɨɥɚɬɵɧ. ȿɥɛɚɫɵɧɵԙ ɚɬɚɩ ԧɬɟɬіɧɞɟɣі ɞɟ ɛɚɪ, ɚԕɩɚɪɚɬɬɵԕ 
ɬɟɯɧɨɥɨɝɢɹɥɚɪɞɵԙ ԕɚɪɵɲɬɚɩ ɞɚɦɵɩ ɛɚɪɚ ɠɚɬԕɚɧ ɦɵɧɚ ɡɚɦɚɧɵɧɞɚ IT ɫɚɥɚɫɵɧ ɞɚɦɵɬɩɚɫɚԕ, 
ɞɚɦɵԑɚɧ 30 ɟɥɞіԙ ԕɚɬɚɪɵɧɚɧ ɤԧɪіɧɭ ɛіɡɝɟ ɠɚɣ ɚɪɦɚɧ ɛɨɩ ԕɚɥɚɪɵ ɚɧɵԕ. Ԧɣɬɤɟɧі, ԧɪɤɟɧɢɟɬɬі 
ɟɥɞɟɪɞіԙ ɛɚɪɥɵԑɵ ɨɫɵ ɰɢɮɪɥɵԕ ɠԛɣɟɝɟ ɤԧɲіɩ, ԧɧɟɪɤԥɫіɛіɧіԙ ɞɚɦɭɵɧ ɠԥɧɟ ɯɚɥԕɵɧɵԙ ԥɥ-

ɚɭԕɚɬɵɧ ɠɵɥɞɚɧ-ɠɵɥԑɚ ɠɚԕɫɚɪɬɵɩ ɤɟɥɟɞі. 
ɉɪɟɡɢɞɟɧɬɬіԙ ɫɨԙԑɵ ɠɨɥɞɚɭɵɧɵԙ ɟɪɟɤɲɟɥіɝі ɫɨɥ, ɦԝɧɞɚ Ԕɚɡɚԕɫɬɚɧɞɚ ɛɢɵɥ ԛɲіɧɲі 

ɠɚԙԑɵɪɭɞɵԙ ɛɚɫɬɚɥɚɬɵɧɵ ɪɟɫɦɢ ɚɣɬɵɥɞɵ. əԑɧɢ, ɟɥіɦіɡɞɟ ԛɥɤɟɧ ɷɤɨɧɨɦɢɤɚɥɵԕ ɠԥɧɟ 
ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɞԛɦɩɭ ɛɨɥɭɵ ɬɢіɫ. Ⱥɥ, ɨɥ ԛɲіɧ ɟԙ ɚɥɞɵɦɟɧ ɬɚԑɵ ɫɨɥ IT ɫɚɥɚɫɵɧɚ ɛɚɫɵɦɞɵԕ 
ɛɟɪіɥɟɞі[2]. 

ɀɟɬіɥɞіɪɭ ԛɲіɧ ɛіɪԕɚɬɚɪ ɞɚɦɵԑɚɧ ɦɟɦɥɟɤɟɬɬɟɪɞіԙ ɬԥɠіɪɢɛɟɫі ԕɚɛɵɥɞɚɧɚɞɵ. Ⱥɬɚɩ 
ɚɣɬԕɚɧɞɚ, ɰɢɮɪɥɵԕ ɬɟɯɧɨɥɨɝɢɹɧɵ ɠԛɡɟɝɟ ɚɫɵɪɭɞɚ ԛɥɤɟɧ ɠɟɬіɫɬіɤɬɟɪɝɟ ɠɟɬɤɟɧ Ⱥɜɫɬɪɢɹ, 
Ⱦɚɧɢɹ, Ⱥɜɫɬɪɚɥɢɹ, Ʉɚɧɚɞɚ ɠԥɧɟ ɋɢɧɝɚɩɭɪ ɫɟɤіɥɞі ɟɥɞɟɪɞɟɧ ԛɣɪɟɧɟɪіɦіɡ ɦɨɥ. Ɇԥɫɟɥɟɧ, 
Ⱥɜɫɬɪɢɹ ɇɭɪ-ɋɭɥɬɚɧɫɵ ȼɟɧɚɞɚ ԕɚɥɚɥɵԕ ɛɸɞɠɟɬɬі ԥɡіɪɥɟɭɞɟ ɠɨɫɩɚɪɥɚɭɞɵԙ «ɰɢɮɪɥɵԕ» 
ɩɪɢɧɰɢɩі ԕɨɥɞɚɧɵɥɚɞɵ. ɇԥɬɢɠɟɫіɧɞɟ, ԕɚɥɚ ԕɚɡɵɧɚɫɵɧɞɚ ɠɵɥ ɫɚɣɵɧ 2 ɦɢɥɥɢɨɧ ɟɭɪɨ 
ԛɧɟɦɞɟɥɟɞі ɟɤɟɧ. Ⱥɥ, Ȼɨɫɬɨɧɞɚ (ȺԔɒ) ɤɨɦɦɭɧɚɥɞɵ ԕɵɡɦɟɬ ɬԛɪɥɟɪіɧ ɛɚԕɵɥɚɭԑɚ ɚɪɧɚɥԑɚɧ 
ɦɨɛɢɥɶɞі ԕɨɫɵɦɲɚ іɫɤɟ ԕɨɫɵɥԑɚɥɵ ɛɟɪі ɬԝɪԑɵɧɞɚɪ ɬɚɪɚɩɵɧɚɧ ɬԛɫɟɬіɧ ɲɚԑɵɦ 66 ɩɚɣɵɡԑɚ 
ԕɵɫԕɚɪԑɚɧ. 

ɐɢɮɪɥɚɧɞɵɪɭ ԕɚɡіɪɝі ɬɚԙɞɚ ɚԕɩɚɪɚɬɬɚɧɞɵɪɭɞɵ, ɚɜɬɨɦɚɬɬɚɧɞɵɪɭɞɵ, 
ɪɨɛɨɬɬɚɧɞɵɪɭɞɵ ɠԥɧɟ ɠɚɫɚɧɞɵ ɚԕɵɥɞɵ ԕɨԑɚɦԑɚ ɟɧɝіɡɭɞіԙ ԛɡɞіɤɫіɡ ɬԛɪɥɟɧɟɬіɧ, ɞɢɧɚɦɢɤɚɥɵԕ 
ԧɡɝɟɪіɫɬɟɪɝɟ ԝɲɵɪɚɣɬɵɧ, ɦɚɫɲɬɚɛɬɚɥɚɬɵɧ ɠԥɧɟ ɵԕɩɚɥɞɚɫɭԑɚ ɛɟɣіɦɞɟɥɟɬіɧ ԕɚɫɢɟɬіɦɟɧ 
ɟɪɟɤɲɟɥɟɧɟɞі.ɀɟɪɝіɥіɤɬі ɛіɥіɦ ɛɟɪɭ ɠԥɧɟ ɚɫɢɧɯɪɨɧɞɵ ɬɚɪɚɬɵɥɚɬɵɧ ɨԕɵɬɭ ԛɲіɧ ɰɢɮɪɥɵԕ 
ɨԕɵɬɭ ɨɪɬɚɫɵɧ ԕԝɪɭ ɤԧɩɬɟɝɟɧ ɧɚԕɬɵ ɡɟɪɬɬɟɭɥɟɪɞі ɚɲɚɞɵ. Ⱦɟɝɟɧɦɟɧ ԕɚɡіɪɝі ɡɚɦɚɧԑɵ ɰɢɮɪɥɵԕ 
ɨԕɵɬɭ ɨɪɬɚɫɵ ɢɧɬɟɪɚɤɬɢɜɬі ɬɨɩɬɵ ɨԕɵɬɭɞɵ, ɨɪɬɚԕ ɬԛɫіɧіɫɬіɤ ɩɟɧ ԥɥɟɭɦɟɬɬіɤ ɛіɥіɦɞі 
ɠɨɛɚɥɚɭɞɵ ԕɨɥɞɚɭ ԛɲіɧ ɤԛɬɭɞі ɬɨɥɵԕ ԕɚɧɚԑɚɬɬɚɧɞɵɪɦɚɣɞɵ. Ȼԝɥ ɦɚԕɚɥɚɞɚ ɛԝɥɬɬɵ ɟɫɟɩɬɟɭɥɟɪ 
ɬɚɪɚɬɵɥɚɬɵɧ ɨɪɬɚɥɚɪɞɚ ɠɨԑɚɪɵ ɫɟɧіɦɞіɥіɤ, ɚɭԕɵɦɞɵɥɵԕ ɠԥɧɟ ԕɨɥ ɠɟɬіɦɞіɥіɝі ɛɚɪ ɫԝɪɚɧɵɫԕɚ 
ɢɟ ԕɵɡɦɟɬɬɟɪ ԛɲіɧ ɰɢɮɪɥɵԕ ɨԕɵɬɭ ɨɪɬɚɫɵɧ ɠɨɛɚɥɚɭ ɟɧɝіɡіɥɝɟɧ. ɋɨɞɚɧ ɤɟɣіɧ ɫԥɭɥɟɬ, 
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