
30 31

UDC 621, 629 531
                                               

                                                     Lukianov P.V., PhD                                                 
ORCID:https://orcid.org/0000-0002-5043-6182

                                                     		  Badakh V.M., PhD 
ORCID:https://orcid.org/0009-0009-2360-1123
                                                  Utiuhov Ye.V.
ORCID:https://orcid.org/0009-0002-1540-4000

                                          State University  «Kyiv Aviation Institute» 

IMPROVEMENT OF THE FRICTION MODEL 
IN THE AILERON CONTROL SYSTEM

The power element for controlling the ailerons is a hydraulic actuator, 
and to improve the efficiency of these hydraulic actuators, a more accurate 
calculation model than that available in the literature is provided.

The accuracy is improved by using nonlinear friction in the model, 
which is given in the work [1]. 

Figure 1 – Diagram of a hydromechanical drive [2].

Analytical model 
The operation of this drive is described by Newton's second law: 
                                        

(1)

where ysht and yт  are displacement of the hydraulic cylinder rod by mass m.

In literature,  Рfri is approximated by a linear function. To improve the 
accuracy of calculations, it is proposed to approximate friction by a nonlinear 
model according to formula [1]: 

                   (2)

Instead of the characteristic, one takes an approximate characteristic 
that will have the following form:    

                            (3)     

Comparing expressions (1) and (3), together with taking into account 
nonlinear friction (2), results into the equation of motion of the cylinder rod: 

      

 
(4)                                                

 

Instead of the equation of motion of the output link of the hydraulic 
actuator, an equilibrium equation will be used. It looks like

       		                                              (5)

The motion of the hydraulic cylinder piston around the middle 
position is described by equation:  

 

After transformations, such the equation is obtained:

Usually the mass is neglected and left Pfri  for a more accurate calcula-
tion of the hydraulic cylinder.        

(6)                                                       
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where Ec – the given modulus of elasticity of the hydraulic cylinder, which 
is in the following relation.

Equations (3), (4), (5), (6) mathematical model of a hydraulic servo–
actuator with throttle control.
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