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Abstract. The purpose of the research presented in the article was to develop a basic hydraulic scheme of the excavator
control system equipped with satellite systems for monitoring the position of equipment. The article substantiates
the relevance of the research, examines the existing satellite positioning systems used to accurately determine the
location of working equipment and machinery in general. The principle of operation of the excavator and its design
features are described, taking into account the operation of the machine using location detection systems. The scheme
of the hydraulic control system of the excavator in the software environment Festo FluidSIM is developed. Graphical
data for modeling the operation of a hydraulic cylinder are presented. The main elements of the hydraulic drive of the
excavator are calculated, on the basis of which the hydraulic cylinder of the working equipment is selected.

Keywords: excavator, bucket, working body, positioning system, rotary platform, hydraulic drive, hydraulic line,
working fluid, hydraulic cylinder, piston rod, hydraulic motor, pressure.

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



Figure 1 — GPS control system

excavator control module and monitors the operation
of the hydraulic cylinder.

Aspecial 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

FZFA 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
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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

C _— Quantity value D 1 2 3 456 7 8 914
=0 07
06 /
Velogity 0.5 /
mis .4 !
0.3
A B ]
02
AT o1 /
I T /
P T 0.4 e
0.3
Acceleration
misl 02
0.1
a b
Figure 3 — Fluid flow diagram
movement, while the acceleration of the movement is Calculate the drive elements. According to the

uniform, primarily due to the fact that it is necessary | obtained graphical data of modeling the operation of
to ensure uniform acceleration. the hydraulic drive, it is necessary to determine the [EZEX
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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

Ny = T- 0 =23000-0.05 = 1.4 kW, (1)

where Ny 5 — is the power of the hydraulic motor, kW;
T —is the force on the rod N;
U — 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.

N =k e 2 Nomw = 1.2- 1.3+ (L4+188) = )
= 31,512 kW,

where N, — useful power of the pump, kW;
k,,—1is the coefficient of force margin, k,,=1,1...1,2;
k.. — speed margin coefficient, k,.=1,1...1,3;
2 Nrzs — total power of hydraulic motors

0, = Na _ 31512
" pHOM 20 106

=0.0015561 m?/sec 3)

where p,w — the nominal pressure in the hydraulic
system adopted by us according to standart is equal
to 20 MPa.

= NH“ :ﬂ
&= Do 7w 20-10°- 16.7

= 0.0000943473 m?/rnd (4)

where 7, — 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.

_ /4-Qux _ [4-0.0014362 _
G=0 "y, —V 314 112 004 )

where 0, — 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

Ap = Api+ Apu, (6)

where Ap, — pressure loss along the length of the
hydraulic line MPa;
Apy; — pressure loss in local resistances of MPa.
Pressure losses along the length of the hydroline
(track) are determined by the Darcy-Weisbach
formula 7.

D% - b 1.2
ap =24 o100 =003 - (o)
-865-10° = 0.002 MPa,
where A - coefficient of travel losses (Darcy

coefficient);

o — 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

Ne Indicator Value
Reynolds number

1 for the suction hydraulic line 4800
for the drain hydraulic line 6000
for pressure hydroline 4000
The loss coefficient

, for the suction hydraulic line 0,038
for the drain hydraulic line 0,035
for pressure hydraulic line 0,039
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
Pressure losses in local resistances are determined by the Weisbach formula, MPa

4 in the suction hydraulic line 0,00031
in the drain hydraulic line 0,00173
in the pressure hydraulic line 0,0054




1= 0.3164 _ 0.3164

R(?.ZS 48000.25

where R, — 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.

=0.038, )

Dd _1.2-0.04

=" 107

= 4800, )

where v — the kinematic viscosity coefficient of the
liquid for the liquid »=10 ¢St=10-5 m?/s.

Based on the formulas presented above, the
calculation was made, the values obtained are
summarized in Table.
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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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«FluidSIM - Fluidics Simulation Program» 6ardapaamasneiK opmacbiHOA 2udpasaUKanbIK HemeKkmil
npuHyunuanodbl cynbacwiH azipney HaHe IKCKABamMopObiH, 2udpasauKansik 6acKkapy xyilieciH ecenmey
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AHOamna. MaKanaHelH MaKcamel — ciymHUuKmik xcylienepimeH #ab0bIKkmanraH sKCKasamopobiH 6ackapy HcylieciHiH
2UOpasAUKANbIK CXemMdcbiH 33ipaey. Makanada 3epmmeyneplin e3eKkminiei Hezi30enzeH, IKCKA8AMOPObIH HYMbIC
Ha6ObIFEIMEH HAMbl MEXHUKAHbIH, HAKMbl OPHAAACKAH HEePiH AHbIKMay ywiH nalioaaaHamelH K0A10aH6ICMaFel criym-
HUKMIK no3uyusanay xcylienepi KapacmoipolaraH. IKCKA8AMOPObIH HYMbIC MPUHYUMI #IHE OHbIH KYpPblabIMObIK epeK-
wenikmepi OpPHANACKAH Hepdi aHbIKMay Hcylienepit KoAAAHA OMbIPbIM, MAWUHAHbIH #yMbiceiH Kammamacei3 emydi [PLER
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eckepe omebipbin cunammansaH. Festo FluidSim 6ardapaamasbiKk opmacsbiHOO 3KCKA8AMOpPObIH 2U0pasAUKAbIK bac-
Kapy xcylieciHiH cxemacs! ¥acanobl. [UOPABAUKALIK UUAUHOPOIH HYMbICbIH MoOenboeyoiH 2paghuKansiK depekmepi
VCbIHbIAFAH. IKCKABAMOPObIH, 2UuOPAB/AUKAAbIK HemeeiHiH Hezi32i anemeHmmepi ecenmesndi, OHbIH HeaiziHOe HYMbiIC
Ha60bIFbIHBIH 2UOPABAUKALIK YUAUHOPI MaHOa0bI.

Kinm ce30ep: skckasamop, wemiwi, ¥ymeic Myweci, no3uyuanay xyleci, aliHanamansl naamgopma, 2u0pPaBAUKAbLIK
yemek, 2u0PasUKAbIK Hesi, HYMbIC CylblKmblfbl, 2U0PABAUKAAbLIK UUAUHOP, 63K, 2u0pasUKA/bIK KO3FAMKbIW,
KbICbIM.
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AHHOMayus. Llenbto uccinedosaHuli, npedcmasneHHbix 8 cmamee, A814emcs pa3pabomka npuHyUnuaasHol audpas-
/uYecKoli cxeMbl cucmemsl yrpassaeHus SKCKA8amMopd, OCHAWEHHO020 CITYMHUKO8bIMU CUCMEMAMU KOHMPOIA ros10xce-
HUA MexHUKU. B cmamee 060CHOBAHA aKMyaabHOCMb MPOBEOEHHbIX UCCAed08aHUL, paccMompeHsbl cyu,ecmsyoujue
cucmemsi CymHUK08020 MO3ULUOHUPOBAHUS, MpuMeHAeMble 015 MOYHO20 onpedesneHUs MecmornosnoxeHus paboye-
20 060py008aHUA U MeXHUKU 8 uenoM. OnucaH npuHyun pabomel 3KCKABAMOPA U €20 KOHCMPYKMuBHble 0CObeHHO-
cmu ¢ yyemom obecrieyeHus pabomsi MAWUHbI NpU MOMOWU cucmem onpedesieHUs MecmorosnoxeHus. PazpabomaHa
cxema 2udpasauyeckoli cucmemsl ynpassneHUs SKCKa8AMopom 8 npoepammHol cpede Festo FluidSim. MpedcmasneHsl
2paguyeckue OaHHble MoOenuposaHus pabomel 2udPOUUAUHOPA. PaccuumaHsl OCHOBHbIe 3eMeHMbl 2UOPaBUYECKO-
20 rpuBodAa 3KCKABAMOPA, HA OCHo8e KOMopol No0obpaH 2udpoyunuHop paboye2o 060py008aHUS.

Kntouesble cn108a: 3KCKABAMOp, Kosw, paboyuli op2aH, cucmema no3uyuoHUPOBAHUS, MOBOPOMHAA NAAMEOPMa, 2u-
Opasnuyeckuli npueood, 2udpPoAUHUS, paboyas #UOKOCMb, 2UuOPOYUAUHOP, WMOK, 2udpodsuzamers, 0asneHue.
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