
GOCE DELCEV UNIVERSITY - STIP 
FACULTY OF COMPUTER SCIENCE 

 
 

 
ISSN 2545-4803 on line 

 
 
 
 
 
 

BALKAN JOURNAL 
OF APPLIED MATHEMATICS 

AND INFORMATICS 

 

 
(BJAMI) 

 

 

 
YEAR 2022 VOLUME V, Number 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2023     VOLUME VI, Number 2  



AIMS AND SCOPE: 
BJAMI publishes original research articles in the areas of applied mathematics and informatics. 

Topics: 
1. Computer science; 
2. Computer and software engineering; 
3. Information technology; 
4. Computer security; 
5. Electrical engineering; 
6. Telecommunication; 
7. Mathematics and its applications; 
8. Articles of interdisciplinary of computer and information sciences with education, 

economics, environmental, health, and engineering. 
 

 

 

 

 

 

 

 

Managing editor 

Mirjana Kocaleva Vitanova Ph.D. 
Zoran Zlatev Ph.D. 

 
Editor in chief 

Biljana Zlatanovska Ph.D. 

Lectoure 

Snezana Kirova 

Technical editor 

Biljana Zlatanovska Ph.D. 

Mirjana Kocaleva Vitanova Ph.D. 

 

 

 

BALKAN JOURNAL 

OF APPLIED MATHEMATICS AND INFORMATICS 

(BJAMI), Vol 6 

 

 

ISSN 2545-4803 on line 

Vol. 6, No. 2, Year 2023 



EDITORIAL BOARD

Adelina Plamenova Aleksieva-Petrova, Technical University – Sofia, 
Faculty of Computer Systems and Control, Sofia, Bulgaria

Lyudmila Stoyanova, Technical University - Sofia , Faculty of computer systems and control, 
Department – Programming and computer technologies, Bulgaria 

Zlatko Georgiev Varbanov, Department of Mathematics and Informatics, 
Veliko Tarnovo University, Bulgaria 

Snezana Scepanovic, Faculty for Information Technology, 
University “Mediterranean”,  Podgorica, Montenegro

 Daniela Veleva Minkovska, Faculty of Computer Systems and Technologies, 
Technical University, Sofia, Bulgaria

 Stefka Hristova Bouyuklieva, Department of Algebra and Geometry, 
Faculty of Mathematics and Informatics, Veliko Tarnovo University, Bulgaria

Vesselin Velichkov, University of Luxembourg, Faculty of Sciences, 
Technology and Communication (FSTC), Luxembourg

Isabel Maria Baltazar Simões de Carvalho, Instituto Superior Técnico, 
Technical University of Lisbon, Portugal 

Predrag S. Stanimirović, University of Niš, Faculty of Sciences and Mathematics, 
Department of Mathematics and Informatics, Niš, Serbia

Shcherbacov Victor, Institute of Mathematics and Computer Science, 
Academy of Sciences of Moldova, Moldova

Pedro Ricardo Morais Inácio, Department of Computer Science, 
Universidade da Beira Interior, Portugal

Georgi Tuparov, Technical University of Sofia Bulgaria 
Martin Lukarevski, Faculty of Computer Science, UGD, Republic of North Macedonia

Ivanka Georgieva, South-West University, Blagoevgrad, Bulgaria
Georgi Stojanov, Computer Science, Mathematics, and Environmental Science Department 

The American University of Paris, France
Iliya Guerguiev Bouyukliev, Institute of Mathematics and Informatics, 

Bulgarian Academy of Sciences, Bulgaria
 Riste Škrekovski, FAMNIT, University of Primorska, Koper, Slovenia
 Stela Zhelezova, Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Bulgaria
 Katerina Taskova, Computational Biology and Data Mining Group, 

Faculty of Biology, Johannes Gutenberg-Universität Mainz (JGU), Mainz, Germany.
 Dragana Glušac, Tehnical Faculty “Mihajlo Pupin”, Zrenjanin, Serbia 
 Cveta Martinovska-Bande, Faculty of Computer Science, UGD, Republic of North Macedonia
 Blagoj Delipetrov,  European Commission Joint Research Centre, Italy
 Zoran Zdravev, Faculty of Computer Science, UGD, Republic of North Macedonia
 Aleksandra Mileva, Faculty of Computer Science, UGD, Republic of North Macedonia
 Igor Stojanovik, Faculty of Computer Science, UGD, Republic of North Macedonia
 Saso Koceski, Faculty of Computer Science, UGD, Republic of North Macedonia
 Natasa Koceska, Faculty of Computer Science, UGD, Republic of North Macedonia
 Aleksandar Krstev, Faculty of Computer Science, UGD, Republic of North Macedonia
 Biljana Zlatanovska, Faculty of Computer Science, UGD, Republic of North Macedonia
 Natasa Stojkovik, Faculty of Computer Science, UGD, Republic of North Macedonia
 Done Stojanov, Faculty of Computer Science, UGD, Republic of North Macedonia
 Limonka Koceva Lazarova, Faculty of Computer Science, UGD, Republic of North Macedonia
 Tatjana Atanasova Pacemska, Faculty of Computer Science, UGD, Republic of North Macedonia





 
5  

 

C O N T E N T 

 

 
 Sonja Manchevska, Igor Peshevski, Daniel Velinov, Milorad Jovanovski, Marija Maneva,  

  Bojana Nedelkovska  

  APPLICATION OF GEOSTATISTICS IN THE ANALYSIS AND ADAPTATION OF   

  GEOTECHNICAL PARAMETERS AT COAL DEPOSITS……………………………………….. 7 

Darko Bogatinov, Saso Gelev 

   PROGRAMMING APLC CONTROLLER WITH A LADDER DIAGRAM..…………………… 19 

Dalibor Serafimovski, Stojce Recanoski, Aleksandar Krstev, Marija Serafimovska 

  ANALYSIS OF THE USAGE OF MOBILE DEVICES AS DISTRIBUTED TOOLS FOR  

  PATIENT HEALTH MONITORING AND REMOTE PATIENT DATA ACQUISITION……....  31 

Sasko Dimitrov, Dennis Weiler, Simeon Petrov 

   RESEARCH ON THE INFLUENCE OF THE VOLUME OF OIL IN FRONT OF THE  

   DIRECT OPERATED PRESSURE RELIEF VALVE ON ITS TRANSIENT  

   PERFORMANCES …………………………………………………………………………………43 

Violeta Krcheva, Marija Cekerovska, Mishko Djidrov, Sasko Dimitrov 

   IMPACT OF CUTTING CONDITIONS ON THE LOAD ON SERVO MOTORS AT A CNC  

   LATHE IN THE PROCESS OF TURNING A CLUTCH HUB……………...…………………...   51 

Samoil Malcheski 

  REICH-TYPE CONTRACTIVE MAPPING INTO A COMPLETE METRIC SPACE AND  

  CONTINUOUS, INJECTIVE AND SUBSEQUENTIALLY CONVERGENT MAPPING….…..   63 

Violeta Krcheva, Mishko Djidrov, Sara Srebrenoska, Dejan Krstev 

  GANTT CHART AS A PROJECT MANAGEMENT TOOL THAT REPRESENTS A CLUTCH  

  HUB MANUFACTURING PROCESS……………………………………………………….…..   67 

 Tanja Stefanova, Zoran Zdravev, Aleksandar Velinov 

   ANALYSIS OF TOP SELLING PRODUCTS USING BUSINESS INTELLIGENCE…… .…..   79 

 Day of Differential Equations 

   THE APPENDI…………………………………………………………………..…………….…..  91 

 Slagjana Brsakoska, Aleksa Malcheski 

   ONE APPROACH TO THE ITERATIONS OF THE VEKUA EQUATION ……………….…..  93 

 Saso Koceski, Natasa Koceska, Limonka Koceva Lazarova, Marija Miteva,  

   Biljana Zlatanovska 

   CAN CHATGPT BE USED FOR SOLVING ORDINARY DIFFERENTIAL EQUATIONS ... 103 

 Natasha Stojkovic, Maja Kukuseva Paneva, Aleksandra Stojanova Ilievska,  

   Cveta Martinovska Bande 

   SEIR+D MODEL OF TUBERCULOSIS …………………………………………………….... 115 

Jasmina Veta Buralieva, Maja Kukuseva Paneva 

   APPLICATION OF THE LAPLACE TRANSFORM IN ELECTRICAL CIRCUITS ...…….... 125 

X



 
6  

Biljana Zlatanovska, Boro Piperevski 

   ABOUT A CLASS OF 2D MATRIX OF DIFFERENTIAL EQUATIONS ……….....…….... 135 

 ETIMA 

   THE APPENDIX…………………………………………………………………..……………147 

Bunjamin Xhaferi, Nusret Xhaferi, Sonja Rogoleva Gjurovska, Gordana J. Atanasovski 

   BIOTECHNOLOGICAL PEOCEDURE FOR AN AUTOLOGOUS DENTIN GRAFT FOR  

   DENTAL AND MEDICAL PURPOSES……………………………………..………………..149 

Mladen Mitkovski, Vlatko Chingoski 

   COMPARATIVE ANALYSIS BETWEEN BIFACIAL AND MONOFACIAL SOLAR PANELS        

   USING PV*SOL SOFTWARE……………………………………..………………………… 155 

Egzon Milla, Milutin Radonjić 

   ANALYSIS OF DEVELOPING NATIVE ANDROID APPLICATIONS USING XML AND  

   JETPACK COMPOSE……………………………………..…………………………………. 167 

Sonja Rogoleva Gjurovska, Sanja Naskova, Verica Toneva Stojmenova, Ljupka Arsovski, 

Sandra Atanasova  

   TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION METHOD IN PATIENTS  

   WITH XEROSTOMIA……………………………………..…………………………………. 179 

Marjan Zafirovski, Dimitar Bogatinov 

   COMPARATIVE ANALYSIS OF STANDARDS AND METHODOLOGIES FOR MANAGE- 

   MENT OF INFORMATION-SECURITY RISKS OF TECHNICAL AND ELECTRONIC SYS- 

   TEMS OF THE CRITICAL INFRASTRUCTURE ………………………………………….. 187



Balkan Journal of Applied Mathematics and Informatics            Online ISSN 2545-4083  

Volume VI   Number 2                Year 2023                         UDC: 621.646.2.033:532.58 

 
 

 

43 
 

RESEARCH ON THE INFLUENCE OF THE VOLUME OF OIL IN FRONT OF 

THE DIRECT OPERATED PRESSURE RELIEF VALVE ON ITS TRANSIENT 

PERFORMANCES  

SASKO DIMITROV, DENNIS WEILER AND SIMEON PETROV 

 

Abstract. The dynamic characteristics determine variations of the inlet pressure in front 

of the valve in function of the flow through the valve in time. In any hydraulic system, at 

valve inlet port there is some volume of compressible oil which influences the quality of 

the transient process. When switching the directional control valve in the hydraulic 

system with direct-operated pressure relief valves, a transient process occurs in which, 

depending on the amount of oil in front of the valve, it is possible for the pressure to reach 

values many times higher than the set value. This causes the system to be overloaded with 

undesirable consequences. This paper examines experimentally and theoretically the 

influence of the volume of oil in front of the valve on its transient performances. It is 

presented that when there is a low amount of oil in front of the valve, it reacts faster, but 

the system is significantly overloaded. When there is a higher amount of oil in front of 

the valve, it reacts more slowly and overloads the system less above the preset value of 

the pressure. 

1. Introduction 

In order to protect a hydraulic circuit against overloads and limit the work pressure, 

pressure relief valves are used. The main function of these valves is to limit the maximum 

working pressure in the hydraulic system. They are normally positioned after the 

hydraulic pump. In this case, the valve does not require an external power source, meaning 

that the fluid pressure is enough to open or close the valve. This means that the function 

of this class of valves is performed automatically. This makes this class of valves 

indispensable for the hydraulic circuit function and operation. 

There are two types of pressure relief valves: direct operated and pilot operated. The 

direct operated pressure relief valves have higher deviation of the adjusted pressure in the 

transient process than pilot operated ones which leads to overloading of the hydraulic 

system [1]. One of the reasons for this deviation is the volume of oil in front of the valve. 

Many authors have investigated the static and dynamic characteristics of direct 

operated pressure relief valves. Brodowski [3] has presented experimental and theoretical 

dynamic characteristics and shown that the magnitude of the pressure peak is far higher 

than the steady-state magnitude. He has also proved that the pressure peak depends on the 

size of the damping orifice. Many authors have worked on dependence of the discharge 

coefficient in the control orifice. During an unsteady process, the flow presumably passes 

in and out of laminar and turbulent regions.  

_______________________ 

 
Keywords. Schematic and functional diagram, valve components, mathematical modeling,   



44                                              S. DIMITROV, D. WEILER AND S. PETROV 

 

 

 

So, a model is needed which describes both regimes simultaneously. That kind of a 

model is recommended by Borutzky [8].  

Another empirical model for the discharge coefficient has been presented in [7]. For 

the pressure relief valve, it is suitable to determine the discharge coefficient in the control 

orifice based on experimental static characteristics [10]. High impact to the static and 

dynamic characteristics has the hydrodynamic reaction force of the flow [2], [4],[9]. In 

the dynamic mode it can even cause unstable work of the valve. 

Dasgupta and Karmakar [5] studied the dynamics of a direct operated pressure relief 

valve with directional damping through bond graph simulation technique. The authors 

concluded that some significant parameters of the valve response are identified, which 

can be modified to improve the dynamic characteristics of the valve. Their theoretical 

research they have compared with the experimental dynamic characteristic presented by 

Watton [6]. 

Although this class of valves is indispensable for the function and operation of the 

hydraulic systems, a review of the available research shows that their study is not well 

covered and there is a need for an in depth study of modeling and simulation of their 

performance. Therefore, a comprehensive study of the modeling and simulation of the 

performance of this class of valves in the transient modes of operation is carried out in 

this paper. A comprehensive nonlinear mathematical model, taking into account most 

nonlinearities of the valve, is developed. The transient performances of the studied valve 

are investigated theoretically and experimentally. The experimental study is also used to 

validate the simulation program of the studied valve in the transient modes of operation. 

Special attention has been paid to the influence of the volume of oil in front of the valve 

on the transient process.  

 

2. Valve components description and schematic diagram 

The objective of the pressure relief valve is to limit system pressure downstream of the 

valve. Figure 1 shows the basic components of the studied valve, while its schematic 

diagram is shown in Figure 2. This valve basically consists of sleeve 1, adjusting spring 

2, poppet with damping piston 3, and adjustment element 5. The system pressure setting 

can be infinitely varied by means of adjustment element 5. Spring 2 presses poppet 3 onto 

its seat. Port P is connected to the system. The system pressure acts on the poppet area. 

When the pressure in port P rises above the value adjusted on spring 2, poppet 3 moves 

against spring 2 and the valve is opening. Hydraulic oil can now flow from port P towards 

port T. The stroke of poppet 3 is limited by embossment 6. 

 

Figure 1. Schematic diagram of the valve 
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In Figure 2 the schematic diagram of the test rig with the studied pressure relief valve, 

volume of oil at its inlet 𝑉0  and output pipeline with linear 𝑅𝑝  and inertial 𝐿𝑝 resistance 

is shown. To isolate the oil compressibility between the pump and the valve and for 

reducing the pressure pulsation of the pump, a throttle with high inertial resistance is 

included. 
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Figure 2. Functional diagram of the test rig 

The valve is normally closed. When the pressure 𝑝1 is lower than the value necessary 

to move the poppet against the spring, the main valve throttling area remains closed and 

the valve poppet presses onto its seat. Rapidly activating the control valve 𝑉1, the pressure 

begins to rise in the volume 𝑉0 and in front of the valve and the transient process starts. 

When the pressure is high enough, the valve poppet lifts from its seat and the valve opens. 

Thus, the valve limits additional rising of the pressure downstream of the valve.  

 

3. Mathematical modelling of the studied valve 

To model the studied valve, some assumptions are made in developing the nonlinear 

mathematical model. It is assumed that the tank pressure is constant at atmospheric 

pressure; the geometry and discharge area of the valve restriction usually change 

nonlinearly; the pressure losses in the short pipelines are neglected; the oil temperature 

and viscosity are kept constant. During the transient mode of operation, the flow rate 

passing through the valve throttling area is of high Reynolds number. The discharge 

coefficient of this throttling area changes with the Reynolds number in a complicated 

manner. For simplicity reasons, the discharge coefficient for the valve throttling area is 

taken to be constant. 

Mathematical model of the system is described by the following equations: 

According to Figure 2, the equation of continuity in front of the investigated pressure 

relief valve can be expressed as: 

𝑞0 = 𝑞𝑖𝑛 + 𝑞𝑣 + 𝑞1                                                                  (3.1) 

where 𝑞𝑖𝑛, 𝑞𝑣, and 𝑞1 are the flow rate through restriction area in the directional control 

valve V1, the flow rate which enters in the volume 𝑉0 and the flow rate entering in the 
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valve, respectively. The transient variation of the restriction area of the directional control 

valve V1 affects the studied valve transient response. The flow rate 𝑞𝑖𝑛 passing through 

the directional control valve is given by 

𝑞𝑖𝑛 = (1 −
𝑡

𝑡1
) ∙ 𝜇𝑣 ∙ 𝜋 ∙ 𝑑𝑣 ∙ 𝑥𝑣 ∙ √

 2 

𝜌
∙ 𝑝1                                    (3.2) 

where 𝑡1 is the closing time of the DCV, 𝜇𝑣, 𝑑𝑣 and 𝑥𝑣 are the discharge coefficient, the 

diameter of the valve spool and valve spool displacement, respectively. The flow which 

enters the volume 𝑉0 can be expressed by the equation of the compressibility effect in the 

volume 𝑉0: 

𝑞𝑣 =
𝑉0

𝐾
∙

𝑑𝑝1

𝑑𝑡
                                                                       (3.3) 

where 𝐾 is the bulk modulus of the oil. 

The equation of continuity in the valve in front of the control orifice and after is 

𝑞1 = 𝑞2 = 𝑞3 + 𝐴𝑘 ∙
𝑑𝑥

𝑑𝑡
                                                         (3.4) 

where: 𝐴𝑘 – the area of the valve poppet; 𝑞3 = 𝜇 ∙ 𝜋 ∙ 𝑑 ∙ 𝑥 ∙ 𝑠𝑖𝑛𝜃 ∙ √
2

𝜌
∙ 𝑝1,2 – the flow 

through the control orifice in the valve. 

The equation of motion of the valve poppet is 

𝑚 ∙
𝑑2𝑥

𝑑𝑡2
+ 𝑐 ∙ (ℎ0 + 𝑥) + 𝑟ℎ ∙ 𝑥 ∙ 𝑝1,2 = 𝐴𝑘 ∙ (𝑝3 − 𝑝4) − 𝐹𝑇                         (3.5) 

where: 𝑚 = 𝑚𝑘 +
1

3
𝑚𝑓 – the equivalent mass of the valve poppet 𝑚𝑘 and the spring 𝑚𝑓; 

𝑐 – the stiffness of the spring; ℎ0 – the deformation of the spring when 𝑥 = 0 ; 𝑟ℎ– the 

coefficient of the hydrodynamic force obtained by the expression (3.1); 𝐹𝑇 – friction force 

between the valve poppet and the body of the valve. 

The pressure in the lower chamber of the closing element of valve 𝑝3 depends on the 

losses in orifice ℎ between the piston of the valve poppet and the body of the valve: 

𝑝3 = 𝑝1 − 𝑅𝑎,𝑙 ∙ 𝐴𝑘 ∙
𝑑𝑥

𝑑𝑡
− 𝑅𝑎,𝑚 ∙ (𝐴𝑘 ∙

𝑑𝑥

𝑑𝑡
)

2

− 𝐿𝑎 ∙ 𝐴𝑘 ∙
𝑑2𝑥

𝑑𝑡2
                        (3.6) 

where: 𝑅𝑎,𝑙 , 𝑅𝑎,𝑚  and 𝐿𝑎 = 𝜌
𝑙

𝜋𝑑ℎ
 are linear, local, and inertial resistances in the orifice 

with length 𝑙. 
The pressure in the upper chamber above the valve poppet is obtained analogically 

when for this type of the valve is 𝑝4 = 𝑝2. 

The pressure drop in the outlet pipeline is 

𝑝2 = 𝑅𝑝,𝑙 ∙ 𝑞2 + 𝑅𝑝,𝑚 ∙ 𝑞2
2 + 𝐿𝑝 ∙

𝑑𝑞2

𝑑𝑡
                                      (3.7) 

where: 𝑅𝑝,𝑙 , 𝑅𝑝,𝑚 and 𝐿𝑝,𝑡 respectively linear, local, and inertial resistance of the outlet 

pipeline with length  𝑙𝑝 and diameter 𝑑𝑝. 

Additional conditions were taken into account when solving the nonlinear system of 

the differential equations: the flow rate 𝑞1 is zero when the valve is closed; pressure 𝑝1 
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cannot be less than the absolute vacuum; displacement 𝑥 of the valve poppet cannot be 

negative; flow rate 𝑞𝑖𝑛 is zero at 𝑡 > 𝑡1, etc., The mathematical model (3.1) - (3.7) can be 

solved with computer programs for solving nonlinear differential equations. For the 

solution of the system of the nonlinear differential equations, the adaptive Runge-Kutta 

method has been used. This method based on the fourth order Runge-Kutta method 

estimates the truncation error at each integration step and automatically adjusts the time 

step size to keep the error within prescribed limits. 

 

4. Experimental and theoretical characteristics of the researched valve 

Figure 3 presents the results of experimental and theoretical studies of a BoschRexroth 

type valve for a pressure of 60 𝑏𝑎𝑟 and oil volumes 𝑉0  =  52 𝑐𝑚3 – figure 3 - a and 

480 𝑐𝑚3 – Figure 3 - b. Closing time 𝑡1 of the directional control valve is less than 20 𝑚𝑠 

and the flow rate of the pump is 𝑞0 = 25 𝑙/𝑚𝑖𝑛. The outlet pipe is 12 𝑚𝑚 in diameter 

and 1 𝑚 long. The experiment was performed with pressure and displacement transducers 

and was recorded on a computer. 

With the volume of oil at the inlet of 52 𝑐𝑚3 , a relatively large dynamic load is 

obtained, as the pressure reaches 100 𝑏𝑎𝑟 and the natural frequency is 742 𝑟𝑎𝑑 / 𝑠. This 

leads to system overload, which in many cases is unacceptable. As the volume increases 

to 480 𝑐𝑚3, the maximum pressure and the natural frequency of the transient process 

decrease to 85 𝑏𝑎𝑟 and 206 𝑟𝑎𝑑 / 𝑠, respectively. 

Figure 4 presents the results of experimental and theoretical studies of a BoschRexroth 

type valve for a pressure of 100 𝑏𝑎𝑟 and oil volumes 𝑉0  =  52 𝑐𝑚3 – figure 4 - a and 

480 𝑐𝑚3 – figure 4 - b. With a volume of oil at the inlet of 52 𝑐𝑚3 , the overshoot is 

much higher, but with increased volume of oil, the overshoot decreases. 

 

       
                                           a                                                                                      b 

Figure 3. Experimental and theoretical dynamic characteristics of the specified valve 

for a pressure of 60 𝑏𝑎𝑟 and different volumes of oil at the inlet port 
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                                           a                                                                                      b 

Figure 3. Experimental and theoretical dynamic characteristics of the specified valve 

for the pressure of 100 𝑏𝑎𝑟 and different volumes of oil at the inlet port 

 

The poppet of the valve opens when the spring-set pressure is reached. The pressure in 

this phase of the transient process changes at a rate determined by the flow rate of the 

pump, the volume of oil at the inlet and the closing time of the directional control valve 

𝑡1. The difference between the experiment and the theoretical solution is due to the change 

in the hydrodynamic force and the slope of the static characteristic during the transient 

process, which are not taken into account in the mathematical model. 

 

5. Conclusion 

The transient characteristics of a direct operated pressure relief valve are researched 

theoretically and experimentally. Special attention has been paid to the influence of the 

volume of oil in front of the valve on the transient process. A comprehensive nonlinear 

mathematical model of the studied valve is deduced to predict the performance of the 

studied valve in the transient modes of operation. The developed model, which takes into 

consideration most nonlinearities of the studied valve, is used to develop a computer 

simulation program. The transient characteristics of the studied valve are simulated using 

this program. The experimental work aimed at validating the proposed model and the 

simulation program. The results showed good agreement between simulation and 

experimental results in the transient modes of operation.  

As shown in equation (3.3) and the diagrams in Figure 3 and Figure 4, the transient 

process of the direct operated relief valves directly depends on the volume of oil in front 

of the valve. With a lower amount of oil - 𝑉0  =  52 𝑐𝑚3, the valve acts very fast. Its rise 

time is around 0.005 𝑠, and the peak time is around 0.007 𝑠, but the overshooting is very 

high – 67 % −  80 % of the set pressure. Тhis feature of the valve overloads the entire 

hydraulic system. When there is higher amount of oil in front of the valve - 𝑉0  =
 480 𝑐𝑚3, the valve acts more slowly, but the overshoot is much more acceptable. Its rise 

time is around 0.013 𝑠 − 0.022 𝑠, and the peak time is around 0.02 𝑠 − 0.028 𝑠. The 

overshoot is around 20 % −  40 % of the set pressure. This is the main reason why, when 

the hydraulic system works with higher working pressure, it is always recommended to 
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use a pilot operated pressure relief valve. It has better transient performances than the 

direct operated pressure relief valves. 
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