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Abstract: This paper deals with the aspects of modeling, simulation and control of an automatic control 
system with hydrostatic transmission (HT). The aim of this research is to design the model of a system 
based on a specific conditions and requirements. Hydrostatic transmitters as a big power transmitters 
have a broad utilization as an executive device in systems of automatic control. The foundations for 
designing of those systems are dynamic analyses for HT and control of his elements. 
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1. INTRODUCTION 
Hydrostatic power transmitters are the most used power transmitters to control mechanical systems 
with high degree of accuracy, which are loaded by roll moment. Electrohydraulic servo-systems give the 
high performance in applications of precise positioning task, due to high power density of hydraulic 
components and simplicity of control signals using electrics and electronics components. 
For solving the problem of automatic control in this case the most important characteristics are: high 
coefficient of utilization (0.8) and requirement for a big forces, which are needed for altering control 
parameters of the servo-pump. The last characteristic requires designing of an additional positional 
electro-hydraulic servomechanism, which provides the possibility of using low power control signals 
for plugging the Hydro Transmitter on a system of automatic control. 
The model has been developed for the conditions and requirements as follows: external load moment 
Mv = 824 Nm; moment of inertia for the load Jt = 78.5 kgm2; maximal load acceleration εt = 12 rad/s2; 
maximal load speed tθ  =1.5 rad/s; working frequencies f = 30 rad/s, and the precision on positioning to 
be 0.5%. The numerous system simulations are performed and different controllers tested. 

 
Figure 1. Electro-hydraulic system 

2. ENERGETIC SOLUTION AND ENERGETIC CALCULATION OF THE SYSTEM 
Based on the requirements and working conditions of the system, we can conclude that the appropriate 
solution for this case offers electro-hydraulic system. Electro-hydraulic system is shown on Figure 1. 
Theoretical power on the servo pump axis is: 
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Real hydraulic power on the output axis of servo pump including leakage on tubes is: 
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3. DYNAMIC ANALYSIS 
3.1 Dynamic Analysis of a Hydrostatic Power Transmission System 
The values of the gain coefficients used for the selected power transmitter are as follows: 
- Gain coefficient pump flow: 
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- Gain coefficient for the power transmitter speed 
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- Gain coefficient for power transmitter blow: 
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- Fluid volume under pressure in power transmitter: 
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- Roll moment of inertia of the motor: 
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3.2 Frequency Analysis for the Automatic Control System 
Block diagram of Control System for hydro-static power transmitter is shown on Figure 2. The phase is 
-128°, this means that system is not stable. To improve stability of the system we should add a gain 
coefficient on feedback loop of KA=0.04 mA/V. Thus, the overall gain coefficient is as follows: 
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Figure 2. Block diagram of Hydrostatic System 

 
Figure 3. Block diagram of system with feedback compensation. 

Peak value of the magnitude fits with the maximum zone of the given working frequency f=30 rad/s, 
this means that system is unstable. The adjustment of the system it can be done by introducing 
compensation on feedback structure, as it shown on figure 3. Transfer function for the system shown in 
Figure 3, is as follows: 
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Error during translator positioning of the servo system type 1 ( ∞=pzK ), is: 
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Therefore the given condition which allows error during translator positioning of the system from 0.5% 
has been performed. 
4. MODELLING OF AUTOMATIC SYSTEM 
Mathematical model of a hydrostatic system in matrix form is given by: 
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5. STABILITY ANALYSIS 
The Lapunov criterion will be used to check whether or not the given system is stable. Starting point for 
stability analysis is state-space form of system. Matrix A must be definite, x is the state vector containing 
n state variables. The quadratic form of Lyapunov function is:  

x(t)Q)t(xV(x) T ⋅⋅=  (12) 
where Q must be a positive definite symmetric matrix n×n. General form of Lyapunov matrix equation 
is: 

CAQQA T −=⋅+⋅  (13) 
where C is a positive definite symmetric matrix. 
C = 0.2137   -0.5000   -5.5683   -0.0073    0.1279 
     -0.5000  158.5540   -0.0176   -0.1048   -6.9555 
     -5.5683   -0.0176  345.4158    0.2002 -108.9819 
     -0.0073   -0.1048    0.2002    0.0119   -0.6100 
      0.1279   -6.9555 -108.9819   -0.6100   91.4406 

ans = 174.7202 
Usually, matrix Q is taken Q = I . From MATLAB, for closed loop is: 

eig(A-B*K) 
ans =1.0e+004 * 
-1.1331           
  -0.0002 + 0.0084i 
  -0.0002 - 0.0084i 
  -0.0001 + 0.0016i 
  -0.0001 - 0.0016i 

This means that system with compensation on closed loop is stable. 
6. SIMULATION RESULTS 
Simulations has been done on MATLAB, Simulink block diagram for the system is shown in Figure 4. 
Simulation parameters selected for this paper are: qrm=1.68cm^3/rad; B=14000;Vt=410cm^3; 
Kl=0.12m^5/Ns; Km=0.2rad/cm; Kqp=1034; A=1.22cm^2; Ks=1;  KDHP=0.034 V/(N/m^2); 
Ka1=7.43mA/V; T1=0.0014s; KTGj=0.007 V/(rad/s); Kp=6V/rad; Uh=4 dhe KA=0.29mA/V. 

 
Figure 4. SIMULINK block diagram for simulation process 
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Figure 5. Simulation results for the system obtained by altering the compensation parameters  

KA, Kp, Ktgj and the comparison of simulation results with LQR and PID Controllers. 
7. CONCLUSIONS 
The work has demonstrated a possibility of determining the appropriate values of compensation 
parameters on feedback loop. Using classical methods of linear analysis, we can obtain the conditions of 
stability and information about how much the system is affected by the change in one parameter. The 
simulation study shows that the application both controllers LQR and PID (Figure 5), gives a satisfactory 
results. 
References 
[1] Abduli R., Ciner P. (1975): Analognoi digitalno modeliranje automatskog sistemasa hidrostatickim 

prenosnikom, Naucno-tehnicki pregled, br.7, Vol.XXV, Zagreb, Croatia. 
[2] A. Shala, R. Likaj; Design of Genetic Algorithm for optimisation of Fuzzy Neural Network Controller, 8th 

International Conference Modern Technologies in Manufacturing, Cluj-Napoca, Romania, 2007.  
[3] Boston, William, (2014): Merger creates auto-parts colossus, Wall Street Journal. 
[4] Co, Brent. (2014): Of fluids and automatic transmissions. Autoindustrya.com. 
[5] Likaj R., Pajaziti A., Shabani Sh. (2001): Modelimiinjë sistemiautomatik me transmetuesin mekanik, 

Revista Shkencore Makineria, vëll. 2, faqe 52-60, Prishtinë. 
[6] "Nissan shows us it’s new and improved Continuously Variable Transmission - Finally, A CVT That 

Doesn't Suck" (2014). http://www.autoblog.com/ . 
[7] Situm Z., Petric J. (1997): Electrohydraulic Servosystem control using State Variables Controller, 

Proceedings of 8th International DAAAM Symposium, pp. 309-310, Dubrovnik, Croatia. 
[8] "Transmission Technologies" (2014): http://www.fueleconomy.gov/ . U. S. Department of Energy. 
[9] Warwick, Alan. (2014): Who Invented the Automatic Gearbox? North West Transmissions Ltd. 
 

ANNALS of Faculty Engineering Hunedoara 
– International Journal of Engineering 

 
copyright © UNIVERSITY POLITEHNICA TIMISOARA,  

FACULTY OF ENGINEERING HUNEDOARA, 
5, REVOLUTIEI, 331128, HUNEDOARA, ROMANIA 

http://annals.fih.upt.ro 

http://www.autoblog.com/
http://www.fueleconomy.gov/

	1. INTRODUCTION
	2. Energetic Solution and Energetic Calculation of the System
	3. DYNAMIC ANALYSIS
	3.1 Dynamic Analysis of a Hydrostatic Power Transmission System
	3.2 Frequency Analysis for the Automatic Control System

	4. MODELLING OF AUTOMATIC SYSTEM
	5. STABILITY ANALYSIS
	6. SIMULATION RESULTS
	References

