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ABSTRACT 
The researches of the hydraulic system which consist of two straight pipelines sourced by two separate 3/2 hydraulic fast 
switched valves. A constant throttle is switched between each of them. The results show pressure dynamic variation in the 
pipelines in the form of transient characteristics due to the synthesis of a simulation model. The researches aim to analyze the 
influence of the section size of the fixed throttle, as well as the phase delay in the control signal to the valves, over the pressure 
characteristics in both parallel pipelines. The results of the present research can be used as a fundament for the construction of 
digital hydraulic control systems. 
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1. INTRODUCTION 
During the last years, pulse width modulation (PWM) of the input electrical signal is increasingly application in pilot 
control circuits of hydraulic drive systems. This allows control to be performed by the same electrohydraulic control 
devices with small size, connected in parallel. These control devices are most commonly two-way or three-way, two-
position valves having a high speed, which is the reason in the global be referred to as - fast switching valves. The 
implementation of this type of control leads simultaneously to high energy efficiency, reliability and not least - low cost.  
The use of discrete (digital) control based on the principle of pulse width modulation, in the majority of cases leads to 
unsustainable behavior controlled actuators realizing pilot operate of large hydraulic capacity. The main reason for this 
uneven variation of the pressure and the flow rate in the dynamic state, due to differences in the lengths of the pipelines 
connecting the regulatory and actuator units [1]. To avoid this fluctuation, in many cases resorting to regulate the 
frequency or the amplitude of the input command signal (time-step frequency), but it is possible to a certain limit 
determined by the frequency response of the hydraulic control device,   because the unit with the lowest frequency 
response is limited in all electro-hydraulic system [2]. On the other hand, the dynamic behavior of the so-called digital 
hydraulic systems easily and efficiently can be corrected by introducing additional hydraulic equipment - hydraulic 
accumulator and counter-balance (over-center) valve included together or separately. This on the other hand is not 
always possible in terms of construction restrictions and compactness [3]-[5]-[6]. 
That is why sometimes it is necessary to increase the number of fast switching valves connected in parallel to achieve a 
smooth and continuous variation of the main energy parameters - pressure and flow rate, and thus higher sustainability 
of the system. In practice, however, most often resorting to a combination of these options has improved the overall 
efficiency of the system. 
In this study are examine the dynamic processes of the pressure variation occurring in hydraulic system consisting of 
two straight pipeline. Before each pipeline is included 3/2 hydraulic digital control valve. The fast switching valves are 
connected in parallel, and between each valve and pipeline is included a constant throttle and hydraulic accumulator. 
The outlet pipelines are connected to the counter-balance valve. 
The main aim is simulation research and analyzes the influence of the intersection size of the two constant throttles, 
and the phase shift (delay) of the command control signal on the dynamic characteristics of the pressure in the both 
pipelines. 
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2. SCHEME AND STAGING OF THE EXPERIMENTAL INSTALLATION 
Fig.1 shows a diagram of the experimental system, comprising: two fast switching three-way, two-position (3/2) 
proportional valves (6 and 7), connected in parallel. Each of them is connected to a straight pipeline (12 and 13), 
consisting of two parts with corresponding lengths. 
The diameter of the both pipelines is 7.1mm. Between each valve and pipeline are included consistently a hydraulic 
constant throttles (8 and 9) and a hydraulic accumulator (10, 11), serving as a corrective to the main system parameters 
- pressure and flow rate. At the outlet of the pipelines, before the tank (17) is connected to a counter-balance valve (16). 
The system has four pressure transducer, reporting: supply (2) and relieving (4) pressure, and the difference in the 
pressures between the inlet and outlet of any pipeline (14 and 15). Flow meter (1) is connected to the supply line. 

 
Figure 1 Scheme of experimental system 

3.SYNTHESIS OF THE SIMULATION MODEL 
Simulation model was created based on the software package Matlab/Simulink, based on verified mathematical 
simulation model [7]-[8]-[ 9]. Block diagram of the model is shown in Figure 2. 

 

 
Figure 2 Simulation model of the experimental system (Matlab/Simulink). 

 
The scheme of the model consists mainly of source of constant pressure (3), to which are directly connected either 3/2 
hydraulic valves (14, 15) with proportional control (11, 12). At the outlet of each of the valves are connected 
respectively throttles (16, 17), hydraulic accumulators (18, 19) and an experimental pipelines (20, 21) with their 
constructive and set parameters. At the output of both pipelines is on counter-balance valve (24), the output of which is 
connected to a reservoir (28). 
Command of both the valves is implemented separately by generator discrete digital pulse (5, 6) and digital-to-analog 
converters (9, 10). For a graphic reporting of the input command signal to the two control circuits is included a 
separate oscilloscopes  (7, 8). For reporting of the transitional processes of the pressure to any pipeline is included 
transducers (22, 23) takes into account the differential pressure in dynamic state, which is visualized simultaneously in 
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the two branches by two-channel oscilloscope (27). Defined parameters of working fluid (4), and numerical method – 
“ode23” (13). 

4. SIMULATION EXPERIMENT 
In relation to the aim, which is to examine and analyze the influence of phase delay command signal of either fast 
switching valve on dynamic characteristics of the pressure in each pipe, and the influence of both constant throttles, the 
following methodology performed simulation experiments, consisting of two configurations. 
4.1 Configuration I 
In this configuration parameters are contained in the first stage of the research. These studies have focused on the 
influence of the size of the intersection of the hydraulic throttles (Fig.1, pos.8 and 9). Table 1 shows the values of the 
sections of the orifice throttle diameters. 

Table 1: Throttle Orifices 
  

 
d S 

m m2 

Variant 1 7,1.10-3 40.10-6 
Variant 2 6,5.10-3 33.10-6 
Variant 3 5,5.10-3 24.10-6 
Variant 4 4,5.10-3 16.10-6 
Variant 5 3,5.10-3 10.10-6 

 
To illustrate the influence of the variable parameter, one of the throttle is appropriated a constant value (7.1 mm), but 
changing the parameters of the other one, according to Table 1. The results of the simulations with the values of 
Variant 1 ÷ 5 are united and put into one scale by specially created script file. The result is shown in Figure 3. 

 

 
Figure 3 Graphical results of simulations with the parameters of Variant 1 ÷ 5. 

4.2  Configuration II 
In this configuration are contained parameters from second stage of the research. These researches are designed to the 
influence the phase delay command signal of either valve. This signal is formed by discrete digital pulse generator (Fig. 
2, pos.5 and 6) and represents high frequency step-time rectangular pulse with the following parameters shown in 
general form – Figure 4. 
Amplitude: 1, [-] 
Duty cycle: 50 % (by period) 
Period: 0.1, s 
Phase delay: 0.001,s 
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Figure 4 Input command signal [2]. 

Table 2 indicates the values of the phase delay of the control (command) signal. 
Table 2: Phase delay 

Variant 1 0 0 
Variant 2 π 50% 
Variant 3 2π 100% 

 
In obtained graphical simulation results in terms of transitional processes are maintained by Configuration method I, as 
a basis for comparison is accepted one of the two parallel branches of the system and the emerging dynamic processes 
in it (Fig.3, shown in red, 1). The result with parameters of Variant 1 is identical to that of  Figure 3, and the rest are 
shown in Figure 5 and Figure 6. 

 
Figure 5 Simulation result – Variant 2 

 

 
Figure 6 Simulation result – Variant 3 
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Figure 7 shows the simulation results of working operating range of pressure drop (Δp) in both pipeline in dynamic 
state at high switching frequency of the two 3/2 digital control valves. 
 

 
Figure 7 Working pressure operating range 

5.ANALYSIS AND RESULTS ASSESSMENT 
Analysis of graphical simulation results (Figure 3) obtained with parameters from Configuration I,  shows the gradual 
reduction of the orifice diameter of either constant throttle, limits in the 7.1 to 3.5 mm (50%), a decrease of working 
pressure operating range from 27 to 8 bar (30%). Simultaneously it is preserves the frequency of pressure pulse as a 
function of time and in accordance with the frequency pulse of the input command signal [2]. The expense of, it 
modifies the form of the transitional process only so-called in front of graphical front.   
The graphics results from Configuration II (Figure 5 and Figure 6) clearly shows the introduction of phase shift (delay) 
of each other command signal is proportional to its observed phase delay of the transitional process representing the 
output variable change - pressure in the respective branch of the system. Irrespective of dephasing transitional processes 
remain in type and form accordance with the first stage of research related to the size of the throttle section. 
Performed simulation research implemented in two stages, formed the basis for improving and enhancing the 
sustainability of the considered system. Based on these results was obtained (Fig. 7) with the actual working operating 
range of pressure (Δp) in both experimental pipelines. In this case, this result was obtained under the same constant 
values of diameters (7.1 mm) on both throttle and 100% phase delay of digital (discrete) signal (Fig. 4) control a fast 
switching proportional valve. It is through these operated parameters and maintaining all the other ones in accordance 
with the verified model [7]-[8]-[ 9], we get the signal saturation pressure, which directly affects the sustainable 
behavior of the actuators element, if it is connected to the output of the both pipelines. Ground for this gives us a 
quantitative estimate of the degree of unevenness (δp) of the transitional (wave) under the pressure shown in Figure 7. 
The assessments are done on the basis of the following equation: 

 

 
where: 
pmin  – minimum value of pressure; 
pmax – maximum value of pressure; 
pavg    – average value of pressure; 

 

 
The resulting relatively low unevenness of pressure in both branches of the system allows for better quality regulate the 
force of the actuators element connected to the output of the both pipelines. By the fact the hydraulic drive systems with 
digital control up to this moment of their development work at relatively low pressures, they are mainly used as control 
units in the indirect pilot control of modern hydraulic powers. Scientific research and development in this relatively 
new direction has gradually end, these systems can be built in the direct control of large actuators actuator. This is 
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possible if many overcome structural limitations. This imposes the development of a simulation based on mathematical 
models, which can be carried out adequate analysis and synthesis of certain constructional of settings parameters and 
their influence on the dynamic behavior of the system. 

6.CONCLUSIONS 
Based on the results obtained by simulation experiments and perform their analysis, we may generalize the 
following: 
 Synthesis are simulation models of the experimental system, the basis of which are assessed influence of the two 

sizes orifice sections of constant throttle and the phase delay of one of two discrete command  signal in two stages. 
 Analysis of the first stage of the researches indicates that the reduction of one section from throttle by 50% 

decreases the operating pressure range of 30%, while preserving the type and form of the transitional process. 
 Based on a quantitative assessment of the second stage of the researches at 100% phase delay of one of them 

command signal, the resulting pressure unevenness are 12.5 %. Taking into account and conclusions on the control 
by flow [4], this result shows that it is possible to implement digital control not only the speed but also the force of 
the actuator element. 
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