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ABSTRACT 

This paper focuses on the calculations of basic variables of the hydrostatic circuits in the mechatronic systems. 

These calculations are important for machines used for forming materials by means of great forces,  

e.g. hydraulic press. Due to differences in equipment design, lack of a universal method of calculation  

is noticeable. It is necessary to determine the coefficients required for the calculations in an experimental way. 
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STOSOWANIE OBWODU HYDRAULICZNEGO W SYSTEMACH MECHATRONICZNYCH 

 
STRESZCZENIE  

Tematem niniejszego artykułu jest obliczanie zmiennych podstawowych w obwodach hydrostatycznych 

w systemach mechatronicznych. Obliczenia te są wykonywane w mechatronice i wykorzystywane w maszynach 

do formowania materiałów za pomocą wielkich sił (prasa hydrauliczna). Zauważalny jest brak uniwersalnej 

metody obliczeń ze względu na różnice w konstrukcji urządzeń, stąd też konieczne jest wyznaczanie potrzebnych 

do obliczeń współczynników w sposób eksperymentalny. 

SŁOWA KLUCZOWE: obwód hydrauliczny, symulacje, MATLAB 

 

1. Introduction 

The subject matter of the article is a calculation of basic variables in hydrostatic circuit used in 

the mechatronic systems. These calculations are important for mechatronic machines used for forming 

materials by means of great forces (hydraulic press) [1, 2]. Working medium of those machines is in 

the majority hydraulic fluid – hydraulic oil. To obtain or convert the energy involved in the process of 

any form, it is necessary to transform energy delivered by the working fluid. Energy transfer through 

hydrostatic transmission has several advantages in opposite to the transfer through mechanical 

transmission [3]. One of the biggest advantages is a smooth transition of power; what is more, the lack 

of clutch, full process control and absence of shocks in the transmission structure are also considered 

as benefits. Whereas complex design and lower overall efficiency of the machine should 

be enumerated as the disadvantages. 
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2. Hydrostatic unit model 

Energy has to be delivered hydrostatically to an actuator. For such a change the hydraulic pump 

is needed. There is a high amount of hydraulic generators on the market offered by worldwide 

manufacturers, which operate on different principles [4]. 

Determining parameters of all hydraulic units are: pressure, displacement and speed. Hydraulic 

pumps and motors operate according to the same physical principle – the only difference is the 

direction of transfer of mechanical and hydraulic energy. 

Basic parameters of hydraulic pumps are working geometrical volume V and pressure (pressure 

gradient) Δp. Revolutions n, or angular speed ω, flow rate Q = n·V, torque M = V·(Δp/2p), power  

P = Q·Δp and control parameter β can be qualified as ancillary parameters. Using the basic and ancillary 

parameters, it is possible to calculate the flow - ηQ, pressure (mechanical-hydraulic) - ηp and total 

efficiency ηc of hydrostatic converters (e.g. pumps) and hydrostatic transmissions [5]. 

A mathematical model of hydrostatic unit in generator mode was formulated by Schlösser as the 

equations [6, 7]: 

  (1) 

  (2) 

The Schlösser`s mathematical model later modified by Thomasin can be expressed in the form 

of equations: 

  (3) 

  (4) 

Where: QG  ............ effective flow rate of the pump 

 MG  ............ effective torque at the shaft of the pump 

 AG   ............ volume parameter of the pump 

 ωG  ............ angular speed of the pump shaft 

 βG  ............ control parameter of the pump, 

 η  ............. dynamic viscosity of working fluid 

 CsG  ........... coefficient of flow resistance in the pump 

 QfG  .......... coefficient of loss caused by dry friction in the pump 

 CηG  .......... coefficient of loss caused by viscous friction in the pump 

 CηG  .......... coefficient of hydrodynamic loss in pump 

3. Model and simulation results 

The possible structure of a mathematical model of a hydrostatic circuit providing the movement 

of the part of forming mechatronic system by the double-acting hydrostatic cylinder is shown in fig. 1. 
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Fig. 1. The block model of hydraulic circuit including rotary hydraulic pump with 4-way directional valve  
and double acting hydraulic cylinder 

 

The progress of the relative position of the cylinder piston rod, the pressure difference between 

the A and B cylinder input and the pump output, and the pressure difference between the pump input 

and output were observed. The results of the simulation are presented in fig. 2 to fig. 5. 

4. Conclusion 

There is a possibility of a calculation of all basic characteristics of the hydrostatic circuits by using 

presented equations. It is difficult to set the right coefficients of resistance and losses in hydraulic units; 

they are different for each unit and depend on construction of the device and the principle of its 

operation. The coefficients can be established by laboratory tests of every explored unit [8, 9]. 
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Fig. 2. The time progress of the relative hydraulic cylinder piston rod distance (m) 

 

 

Fig. 3. The time progress of the pressure difference (Pa) between the A hydraulic cylinder input and the pump output 

 



Journal of Technology and Exploitation in Mechanical Engineering Vol. 2, no. 1, 2016 

9 
 

 

Fig. 4. The time progress of the pressure difference (Pa) between the B hydraulic cylinder input and the pump output 

 

 

Fig. 5. The time progress of the pressure difference (Pa) between the pump input and output 

 



Journal of Technology and Exploitation in Mechanical Engineering Vol. 2, no. 1, 2016 

10 
 

5. Acknowledgment 

This paper presents results of work supported by the Slovak Scientific Grant Agency of the Slovak 

republic under the project No. VEGA 1/0077/15. 

6. References 

[1] M. Martikan, F. Brumercik, R. Bastovansky, Development of Mechatronic Deformation System. 
Applied mechanics and materials, Vol. 803 (2015), pp. 173-178. 

[2] F. Brumercik, E. Brumercikova, B. Bukova, Mechatronic and Transport System Simulation,  
Vol. 803 (2015), pp. 201-206. 

[3] S. Hrcek, R. Kohar, S. Medvecky, Determination on the maximum roller bearing load with regards 
to durability thereof using FEM analysis. Communications, Vol. 14, Issue 3, 2012, pp. 55-61. 

[4] A. Nieoczym, Application of a transportation flux for determining qualitative indices. 
Communications, Vol. 7, Issue 1, 2005, pp 47-48. 

[5] P. Drozdziel, L. Krzywonos, The estimation of the reliability of the first daily diesel engine start-up 
during its operation in the vehicle. Maintenance and Reliability 1(41), 2009, pp. 4-10. 

[6] R. Kohar, S. Hrcek, Usage of dynamic analysis to determine force interactions between 
components of rolling bearings. Communications, Vol. 14, Issue 3, 2012, pp. 62-67. 

[7] J. Caban, P. Drozdziel, D. Barta, S. Liscak, Vehicle Tire Pressure Monitoring Systems. Diagnostyka, 
vol. 15, No. 3, 2014. 

[8] R. Kohar, S. Hrcek, Dynamic analysis of a rolling bearing cage with respect to the elastic 
properties of the cage for the axial and radial load cases. Communications, Vol. 16, Issue 3A, 
2014, pp. 74-81. 

[9] L. Jedlinski, J. Caban, L. Krzywonos, S. Wierzbicki, F. Brumercik, Application of vibration signal in 
the diagnosis of IC engine valve clearance. Journal of Vibroengineering, Vol. 17, No. 1 (2015),  
pp. 175-187. 

 


