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Abstract— In an effort to adapt the capacity of the pump in 

the hydraulic system to the requirements of the machine it 

drives, a large number of regulators, and hydraulic-

mechanical devices, often with electronic control, have been 

developed. Hydraulics and electronics have been intensively 

complementing each other in recent years, so in a certain area 

of application, pumps with hydraulic-electronic regulators 

are being replaced with pumps of constant specific volume 

with variable speed (frequency regulator control). The paper 

presents research into the way electric motors are controlled, 

as well as the efficiency itself, which is reflected in energy 

savings and is dominant in application in hydraulic systems. 

This is seen through modeling and simulation, as well as 

experimental results. 
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I. INTRODUCTION  

Within the basic functions of the hydraulic system, 

energy transformation, and the construction of the 

hydraulic system must fulfill another important 

requirement. This requirement is that energy losses in the 

energy transformation path must be minimal. The total loss 

of energy in the hydraulic system arises as a result of: a) 

pressure drop, b) volume losses within the components, c) 

uncoordinated pump characteristics with the maximum 

and necessary [1, 2, 8]. 

Losses due to pressure drop can be reduced by the 

construction of hydraulic components that provide the 

necessary pressure in the system. In reducing the volume 

losses in the hydraulic system, in fact, the characteristics 

of the pump are adjusted with the requirements that occur 

in the system. This means that the operation of the 

hydraulic system must be monitored at all times and meet 

the requirements that are required at that moment. [1, 2, 7, 

8]. 

The development of electronics creates new spaces for 

the development of hydraulics, not only in the field of 

component design, but also in control systems. [2] Today 

electric motors are an important standard industrial 

product. These motors are designed to run at a fixed speed 

and work has been going on for many years to optimise the 

control of their running speed. Because of the ever-

increasing degree of automation in industry, there is a 

constant need for more automatic controls, and a steady 

increase in production speeds and better methods to further 

improve the efficiency of production plants are being 

developed all the time. 

A static frequency converter is an electronic unit that 

provides infinitely variable control of the speed of three-

phase AC motors by converting fixed mains voltage and 

frequency into variable quantities. Whilst the principle has 

always remained the same, there have been many changes 

from the first frequency converters, which featured 

thyristors, to today’s microprocessor-controlled, digital 

units. 

It was not until the static frequency converter was 

introduced that three-phase AC motors with infinitely 

variable speeds could be used effectively. [8]. 

The vast majority of the static frequency converters 

used by industry today to control or regulate the speed of 

three-phase AC motors are designed according to two 

different principles: 

 

• frequency converters without an intermediate circuit 

(also known as direct converters), and 

• frequency converters with a variable or constant 

intermediate circuit. 

 

Today, the frequency converter-controlled, three-phase 

AC motor is a standard element in all automated process 

plants as well as in hydraulic systems. Apart from its 

ability to use the good properties of three-phase AC motors, 

infinitely variable speed regulation is often a basic 

requirement because of the design of the plant. [7, 8] 

Energy can be saved if the motor speed matches 

requirements at any given moment in time. This applies in 

particular to centrifugal pumps and fan drives where the 

energy consumed is reduced by the cube of the speed. A 

drive running at half speed thus only takes 12.5% of the 

rated power. 

II. APPLICATION OF FREQUENCY REGULATOR IN 

HYDRAULIC SYSTEM FOR REGULATING CAPACITY GEAR 

PUMPS 

Controling of a capacity of constant-volume capacities 

pumps rarely in hydraulic drive designs. In the last twenty 

years, in parallel with the development of the structure, the 

improvement of technical characteristics, and the fall in the 
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price per kW of power, the frequency regulators are 

modest, but all the glasses are used in the construction of 

hydraulic systems. For such a trend, the development of 

the construction of gear pumps was necessary, in fact, their 

penetration into the area of higher operating pressures (250 

to 300 bar) and larger capacities. The following figure 

shows a hydraulic system with a gear pump, as a source of 

hydraulic energy and a frequency regulator, as an 

electronic component that regulates pump capacity. [4, 6, 

7]. 

The system works by including, at the start, an electric 

motor, as an energy source, and a frequency regulator on 

which the reference value of the pressure to be maintained 

in the system is assigned. The frequency controller serving 

as a controller has an integrated PID controller that 

maintains a reference pressure value. Frequency regulator, 

slightly clogged pump, and then changes the rotation to 

keep the pressure at the set value. By activating the 

command to put the system into operation, the hydraulic 

pump is running in the order of the desired output, i.e. the 

reference value to be achieved on the executive body, i.e. 

hydraulic cylinder, maintains the set value. [7, 8]. 

 
 

Fig. 1 The hydraulic system of regulation capacity gear pump frequency 

converter  [4, 6, 7, 8] 

Components of the hydraulic system are: 

 

1 - hydraulic power pack,  

2 - hydraulic valve,  

3 - safety valve,  

4 - hydraulic cylinder,        

5 - hydraulic cylinder for load,  

6 - hydraulic accumulator,  

7 - frequency converter,          

8 - PLC CP1L,  

9 - a module for acquisition CP1W - MAD11,  

10 - DC module 24V,            

11 - computer,  

12 - pressure transmitter,  

13 - manometer,  

14 - clutch. 

 

The actual pressure value is obtained from a pressure 

transmitter mounted on a hydraulic cylinder, more 

precisely at a pressure measurement point in the hydraulic 

cylinder, and directly connected to the frequency regulator. 

In the event of a larger force required, the frequency 

regulator will refer to the speed of the electric motor, 

thereby pumping up the flow, as it will require a higher 

pressure value that is directly related to the force on the 

hydraulic cylinder. [6, 7, 8] 

Also, in case of necessary less force ie. pressure on the 

hydraulic actuator, this will, via the return connection, 

react to the frequency regulator which will reduce the 

speed of the drive shaft of the hydraulic pump and it will 

give a lower flow.  

The results obtained during the experimental work are 

shown in Figure 2 and determine the dependence of the 

speed of the electric motor and pressure in the hydraulic 

system [4, 6, 7, 8]. 

Figure 2 shows that the different speeds of the three-

phase AC motor correspond to the pressure in the 

hydraulic system. This will confirm a theoretical 

consideration that the frequency regulator in the hydraulic 

system saves energy because the system does not always 

work at high pressure, but will also have the appropriate 

pressure, which is provided by the speeds of the three-

phase AC motor, depending on the required force. 

The second variant of this experimental part is that the 

frequency controller is operated via a PLC, which then 

receives the pressure value from the transmitter and sends 

the command to the frequency regulator. [8] 

 
 

Fig. 2 Diagram depending on the pressure in the hydraulic system and the 

number of revolutions of electric motors [4, 6, 7, 8] 

 
 

Fig. 3 The hydraulic system of regulation capacity gear pump frequency 

converter  [4, 6, 7, 8] 

III. SIMULATION MODEL OF V/F CONTROL METHOD 

Modeling and simulation are two inseparable processes 

that contain a complex of activities related to building 
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models and experimenting with models in the sense of 

obtaining information about the behavior of the modeled 

process [2, 10, 11]. There, modeling primarily refers to the 

relationship between the actual process and that model, 

while simulation deals with the connection between the 

mathematical and simulation models. A simulation model 

is a model of a process or system that is created using a 

computer program and can be flexible for experimentation. 

[10, 11, 12] Due to the increasing participation of 

automation in the industry, there is a constant need for 

automatic control, a continuous increase in the production 

rate and better methods for improving the level of utility 

plants are constantly evolving and improving. Electric 

motors are still important standard industrial products. 

Until they emerged drives it was not possible to fully 

control the speed of a three-phase AC motor.  

In addition, to full-speed control AC motors, the use of 

the frequency converter offers many other advantages: 

 

1. Energy savings are especially nowadays one of 

the priority claims. This primarily applies to plants 

with pumps and fans, where power consumption is 

proportional to the speed cubed. For example, a drive 

that runs at half speed consumes only 12.5% of the 

nominal power.  

2. Adjusting the speed of the manufacturing process 

offers many advantages in terms of increased 

productivity, reduced maintenance costs, etc..  

3. Starts and stops the machine can be fully 

controlled speed drastically reduced. Using gentle 

acceleration and deceleration, avoiding the stress and 

sudden strikes in mechanical assemblies. 

4. In addition to reducing maintenance costs, 

improving the working environment.  

 

As stated, drives control the speed of the motor by 

changing the frequency of the motor voltage. 

A mathematical model for a system shows the 

dependencies between output and input quantities of the 

system or parts of the system and is expressed by 

appropriate differential or integral-differential equations. 

Basic laws of physics are applied to establish a suitable 

mathematical model for a dynamic component of the 

system. In the case of hydraulic systems, it is the law of 

conservation of energy. 

The purpose of setting up a mathematical model is to 

better describe the dynamic behavior of a system 

component. In order for the mathematical model to be used 

in the synthesis of system management algorithms, it is not 

necessary to describe all the physical phenomena that can 

take place in the component, because such a system would 

become too complex. By analyzing the behavior of the 

system as a whole, we came to the conclusion that a large 

number, by the physical nature of different processes, is 

described by a mathematical model of the same type. 

Theoretical analysis is the most basic and cheapest 

method of system analysis. Simulation results and research 

are based on theoretical research and are a confirmation of 

that part of the research. While the third part of the 

comprehensive system overview represents the most 

complex and credible way of system overview. 

Experimental analysis of the system enables the design of 

a regulator that will enable a better solution of the system 

itself, ie. A more successful system design, because it will 

point to problems that may arise in system regulation.  

In order to analyze the system using linear analysis 

methods, it must not contain nonlinearities. Therefore, it is 

necessary to analyze the system additionally, and all those 

parameters that do not have a major impact on the dynamic 

behavior of the system are ignored. 

 

IV. CONCLUSIONS  

In this paper, data analysis and experimental data show 

that the use of the frequency converter in the hydraulic 

system is useful. The diagram in figure 4. below, it is 

concluded that from the standpoint of economy, in the area 

of lower pressure, a combination of the gear pump and the 

frequency converter is more favorable than the piston-

axial pump with the hydraulic regulator.  

Designed hydraulic system in which the pump is 

replaced by a variable capacity pump whose capacity is 

altered by changing the number of revolutions, removes all 

doubt about a possible replacement of conventional 

hydraulic controllers with frequency converters. When the 

hydraulic system in which it is possible to substitute the 

variable capacity pump with a constant pump capacity and 

frequency converter, a dominant influence on the 

application of the system of regulation of pump capacity 

has a price-performance ratio and energy conservation. 

Area viability of the application of frequency regulator in 

relation to hydraulic, with the same capacity of the pump, 

depends on the pressure and everything is on the higher 

range of applications of frequency converters is narrow 

and vice versa. There is no universal rule, so every 

hydraulic system and the pump must be the subject of a 

specific analysis or an exceptional profit for hydraulic 

systems where the pump can be replaced by a variable 

capacity pump capacity constant with a frequency 

converter [4, 7, 9]. 

Figure 3 shows a diagram of the experimentally 

obtained pressure dependence of the flow pressure for the 

hydraulic system in which the frequency regulator is 

installed in order to provide different speeds for different 

forces. This all results in energy savings in the hydraulic 

system. 
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