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Introduction, literary review
It is extremely important to ensure the accuracy 

of the work during the operation of the excavator. 
In practice, this largely depends on the skill and 
qualifications of the operator. The excavator operator 
must accurately set the angle of attack of the boom 
and handle.

Modern machines use a satellite global 
positioning system for this. Today, three main satellite 
positioning systems are used to ensure operation – 
GPS, GLONASS, Beidou, DORIS, and Galileo [1]. 
Due to the low coverage of the DORIS and Galileo 
systems, their large-scale application has not found 
a place.

The key devices of the car navigation system is a 
tracker. The tracker acts as a device for receiving and 
transmitting data. It contains a GLONASS/GPS/GSM 
terminal that performs the functions of determining 
coordinates using a satellite receiver. Figure 1 shows 
an excavator with a satellite system.

The development of excavator control systems 
is reflected in the works of foreign and domestic 

scientists, among them is the work [2], which 
provides information about the excavator stability 
control system. The task of the system is to predict 
the probability of overturning the machine in difficult 
working conditions. Receiving information from 
the machine control system, artificial intelligence 
introduces motion correction.

In the article [3], a mathematical model has been 
developed that explains the operation of the bearing 
of the excavator platform rotation mechanism. Based 
on the model, the resistance forces acting on the 
operation of the rotation mechanism are determined, 
which makes it possible to predict the operation of 
the bearing.

The author [4] proposes the development of three 
machine learning algorithms for the excavator control 
process. This process is carried out by using various 
global positioning sensors and memory systems.

The development [5] is aimed at solving the 
control of the digging depth of the machine, in order 
to prevent damage to the pipes. With the help of 
radar, a signal is generated, which is received by the 
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excavator control module and monitors the operation 
of the hydraulic cylinder.

A special place is occupied by the developments of 
domestic scientists, which are aimed at modernizing 
existing and developing new machine designs [6, 7, 
8, 9, 10].

From the literature analysis, it can be concluded 
that the most relevant direction in ensuring the 
accuracy of the machine is the use of global positioning 
systems that ensure the accuracy of the installation of 
working equipment up to 0.5 cm.

To this end, it is necessary to develop a schematic 
diagram of the hydraulic drive of the control system 
and calculate its elements.

To achieve this goal, it is necessary to solve a 
number of tasks, namely:

- develop a schematic diagram in a software 
environment;

- check the operability of the circuit using the 
program and get graphical data;

- to calculate the main elements of the drive.
The scientific novelty of the work lies in the 

developed scheme of the hydraulic drive of the 
excavator control, based on the data received from 
the hydraulic distributor with electronic control.

The practical usefulness of the conducted 
research lies in the development of an excavator 
control system based on data obtained from the Festo 
FluidSIM software environment and the calculation 
carried out.

Materials and methods of research, research 
results

In order to develop the functioning scheme 
of the hydraulic drive of the excavator, the Festo 

FluidSIM software was used. A schematic diagram of 
a hydraulic drive has been developed in the software 
environment, the elements are collected from the 
data library of the software product.

Designing a hydraulic drive system is a rather 
complex process that requires quite extensive 
knowledge. The advantages of a hydraulic drive 
are the physical characteristics of the fluid. These 
primarily include the non-compressibility of a liquid 
body, which allows, according to Newton's third 
law, to provide exactly the force that was spent on 
its compression. To ensure accurate positioning of the 
excavator's working equipment, it is necessary to use 
elements of the global positioning system. To do this, 
it is necessary to provide in the schematic diagram 
of the hydraulic drive (Figure 2) the presence of 
a controlled hydraulic distributor. The scheme 
provides an electromagnetic hydraulic three-position 
distributor.

When drawing up a hydraulic circuit, it is 
necessary:

- reduce pressure losses to a minimum;
- arrange the elements in such a way as to exclude 

mutual influence;
- provide for the presence of safety valves in the 

system;
- choose the working fluid according to the 

purpose and operating conditions of the machine;
- use the device in the drive according to the 

specifications.
Figure 3a shows the flow diagram of the fluid 

inside, and the graph of the change in the speed of 
the rod and acceleration is shown in Figure 3b.

As can be seen from Figure 3b, the speed of 
movement of the rod increases until the end of the 

Figure 1 – GPS control system



243

Раздел «Строительство. Транспорт»

movement, while the acceleration of the movement is 
uniform, primarily due to the fact that it is necessary 
to ensure uniform acceleration.

Calculate the drive elements. According to the 
obtained graphical data of modeling the operation of 
the hydraulic drive, it is necessary to determine the 

1 – tank; 2 – drive motor; 3 – hydraulic pump of the NSH type; 4 – pressure reducing valve; 5 – pressure gauge;  
6 – filter; 7 – hydraulic three–position distributor; 8 – hydraulic cylinders for lifting and lowering the handle;  

9 – hydraulic cylinder of double-acting bucket; 10 – hydraulic motor for driving the rotary platform

Figure 2 – Schematic diagram of the hydraulic drive

a                                                                                                          b
Figure 3 – Fluid flow diagram
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useful power of the reciprocating hydraulic motor 
(hydraulic cylinder). The obtained data provide an 
opportunity to obtain the necessary theoretical force 
in the hydraulic cylinder to ensure the operation of 
the working equipment

 . . ,N T kW23000 0 05 1 4GDV $ $j= = =  	 (1)

where NГДВ – is the power of the hydraulic motor, kW;
T – is the force on the rod N;
j – is the speed of movement of the rod m/sec.
The useful power of the pump is determined 

based on the power of the hydraulic motor, taking 
into account the loss of energy during its transfer 
from the pump to the hydraulic motor according to 
formula 2.
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where Nнп – useful power of the pump, kW;
kзу – is the coefficient of force margin, kзу = 1,1…1,2; 
kзс – speed margin coefficient, kзс = 1,1…1,3; 
∑NГДВ – total power of hydraulic motors
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where pном – the nominal pressure in the hydraulic 
system adopted by us according to standart is equal 
to 20 MPa.
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where hн – the rotation speed of the pump shaft is 
rpm, in our case, the pump shaft will rotate from the 
power take-off shaft of the base machine equal to 
1000 rpm or 16.7 rpm. The rated rotational speeds set 

by GOST 12446-80 are as follows: 480, 600, 750, 960, 
1200, 1500, 1920.

The calculated values of the internal diameters 
of the suction, pressure and drain hydraulic lines 
are determined from the equation of continuity of 
the fluid flow, taking into account the dimensions 
according to formula 5.
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where jж – the speed of fluid movement in the 
hydraulic line m / s is equal to 1.2; 2; 5, in the suction, 
drain and pressure lines, respectively.

In accordance with the principle of imposing 
losses known from hydraulics, the pressure loss in 
the hydraulic line is determined by the formula 6

 ,p p pl MT T T= + 	 (6)

where  ∆pl – pressure loss along the length of the 
hydraulic line MPa;

∆pM – pressure loss in local resistances of MPa.
Pressure losses along the length of the hydroline 

(track) are determined by the Darcy-Weisbach 
formula 7.
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where m – coefficient of travel losses (Darcy 
coefficient);
t – s the density of the working fluid.
The coefficient of travel losses depends on the 

mode of fluid movement, it is determined by the 
formulas recommended in hydraulics for laminar 
motion 8, for turbulent motion 9.

Indicators value

№ Indicator Value

1

Reynolds number
for the suction hydraulic line 4800
for the drain hydraulic line 6000
for pressure hydroline 4000

2

The loss coefficient
for the suction hydraulic line 0,038
for the drain hydraulic line 0,035
for pressure hydraulic line 0,039

3

The pressure loss along the length, MPa
in the suction hydraulic line 0,002
in the drain hydraulic line 0,15
in the pressure hydraulic line 0,16

4

Pressure losses in local resistances are determined by the Weisbach formula, MPa
in the suction hydraulic line 0,00031
in the drain hydraulic line 0,00173
in the pressure hydraulic line 0,0054
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where Re – the Reynolds number determined by the 
formula 9. The Reynolds number for a hydroline is 
determined in order to establish the flow regime. The 
value obtained in this way can characterize a laminar 
or turbulent flow regime.
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where y – the kinematic viscosity coefficient of the 
liquid for the liquid y = 10 cSt = 10-5 m2/s.

Based on the formulas presented above, the 
calculation was made, the values obtained are 
summarized in Table.

Discussion of the results obtained, conclusion
Based on the conducted research and the process 

of modeling the operation of the hydraulic cylinder in 
the Festo FluidSIM software environment, a schematic 
diagram of the hydraulic control system of the 
excavator was developed, graphical data describing 
the operating mode of the working equipment were 
obtained, based on them, the hydraulic calculation of 
the main elements was carried out.

Based on the presented data obtained by 
modeling and calculating the operation of the 
hydraulic system, the calculated values of which are 
presented in Table, we accept a standard hydraulic 
cylinder with a diameter of 110 mm, a stem diameter 
of 50 mm and a piston stroke of 250 to 800 mm.
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Аңдатпа. Мақаланың мақсаты – спутниктік жүйелерімен жабдықталған экскаватордың басқару жүйесінің 
гидравликалық схемасын әзірлеу. Мақалада зерттеулердің өзектілігі негізделген, экскаватордың жұмыс 
жабдығымен жалпы техниканың нақты орналасқан жерін анықтау үшін пайдаланатын қолданыстағы спут-
никтік позициялау жүйелері қарастырылған. Экскаватордың жұмыс принципі және оның құрылымдық ерек-
шеліктері орналасқан жерді анықтау жүйелерін қолдана отырып, машинаның жұмысын қамтамасыз етуді 
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ескере отырып сипатталған. Festo FluidSim бағдарламалық ортасында экскаватордың гидравликалық бас-
қару жүйесінің схемасы жасалды. Гидравликалық цилиндрдің жұмысын модельдеудің графикалық деректері 
ұсынылған. Экскаватордың гидравликалық жетегінің негізгі элементтері есептелді, оның негізінде жұмыс 
жабдығының гидравликалық цилиндрі таңдалды.

Кілт сөздер: экскаватор, шөміш, жұмыс мүшесі, позициялау жүйесі, айналмалы платформа, гидравликалық 
жетек, гидравликалық желі, жұмыс сұйықтығы, гидравликалық цилиндр, өзек, гидравликалық қозғалтқыш, 
қысым.
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Аннотация. Целью исследований, представленных в статье, является разработка принципиальной гидрав-
лической схемы системы управления экскаватора, оснащенного спутниковыми системами контроля положе-
ния техники. В статье обоснована актуальность проведённых исследований, рассмотрены существующие 
системы спутникового позиционирования, применяемые для точного определения местоположения рабоче-
го оборудования и техники в целом. Описан принцип работы экскаватора и его конструктивные особенно-
сти с учетом обеспечения работы машины при помощи систем определения местоположения. Разработана 
схема гидравлической системы управления экскаватором в программной среде Festo FluidSim. Представлены 
графические данные моделирования работы гидроцилиндра. Рассчитаны основные элементы гидравлическо-
го привода экскаватора, на основе которой подобран гидроцилиндр рабочего оборудования.

Ключевые слова: экскаватор, ковш, рабочий орган, система позиционирования, поворотная платформа, ги-
дравлический привод, гидролиния, рабочая жидкость, гидроцилиндр, шток, гидродвигатель, давление.
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