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MATHEMATICAL MODEL OF THE CLOSED-LOOP SYSTEM OF EXCAVATOR 
BUCKET POSITIONING

Purpose. Study on energy consumption of mechatronic systems of mining excavators during the full production cycle, develop-
ment of energy efficiency criterium for the production cycle of mining excavators, which ensures an increase in the technical and 
economic indicators of the operation of powerful mining equipment.

Methodology. Mathematical modeling of electro-mechanical system of “front shovel” excavator, determination indicators of 
the production cycle, development of the criterion of energy efficiency of the mining excavator’s operating cycle taking into ac-
count the theory of technical systems efficiency.

Findings. A mathematical model of a complete electro-mechanical system of an excavator with “generator-engine” electric 
drive has been developed, which includes a model of the mechanical part of the excavator. The closed-loop bucket positioning 
system makes it possible to implement various movement trajectories during the operating cycle. Numerical characteristics of 
energy consumption and duration for various movement trajectories of the working bodies of the excavator are obtained. A new 
criterion of energy efficiency of mechatronic systems of mining excavators is proposed.

Originality. For the first time, a mathematical model has been proposed of an integral electro-mechanical system of an excava-
tor according to the “front shovel” scheme, which includes models of electric drives of all mechanisms and a synchronous drive 
motor, as well as a model of the mechanical part of the excavator; this makes it possible to increase the accuracy of determining the 
excavator’s energy consumption and the operating cycle time. A criterion of energy efficiency is proposed, which takes into account 
the amount of resource costs, the overall result and the duration of the excavator’s operating cycle.

Practical value. A mathematical model of the electromechanical system of an excavator with an electric drive according to the 
“generator-motor” system has been developed, which, taking into account the solution of the direct and inverse problems of the 
kinematics of the mechanical system of the excavator, makes it possible to compare parameters of various trajectories of movement 
of the excavator. The implementation of a closed system for positioning the excavator bucket in three-dimensional space was pro-
posed, which creates conditions for increasing the level of automation of mining excavators. A criterion of the energy efficiency of 
the excavator’s technological cycle is proposed, which takes into account resource costs and the technological cycle duration.

Keywords: excavator, mathematical model, trajectory parameters, energy efficiency

Introduction. Excavators play an important role in open pit 
mining. The most powerful excavators are used in open pit 
mining for both stripping activity, rock mass transfer and 
dump formation [1].

In the mining industry, the transition to a new generation 
of production equipment is characterized by a functional and 
constructive combination of electromechanical converters 
with energy and information components with a high level of 
organization of control processes. During continuous devel-
opment and complication of interconnected electrical, me-
chanical, electromechanical, and control systems, modern 
excavation machinery is being transformed into a mechatronic 
complex [2]. For mechatronic complexes of mining machines, 
due to their significant installed capacity, the energy efficiency 
of their operation is of particular importance.

Increasing the efficiency of using the electrical energy in 
industry and, consequently, in mechatronic systems of mining 
machines is a defining trend in the development of technical 
systems in the near future [3].

An analysis of modern scientific and technical literature 
shows that currently there are no developments of automatic 
control systems for the movement of the working bodies of 
mining excavators. In fact, the functions of controlling the 

movement of the mining machines’ working bodies are as-
signed to the man-machine complex in which defining actions 
are assigned to the operator. Such a decision makes it impos-
sible to analyze and synthesize control systems, which ensure 
the rational use of electricity in mechatronic systems, and lim-
its the maximum achievable energy characteristics of mecha-
tronic systems of mining machines.

In this regard, the development of automatic control sys-
tems for the movement of working bodies for mining machines 
that minimize the influence of the operator, is becoming the 
main direction in the development of electromechanical sys-
tems for mining equipment in general, and mining excavators 
in particular. At present, this task is of particular relevance in 
connection with the fundamental renewal of both the power 
equipment of excavator electric drives and technical controls.

Literature review. The analysis of modern scientific and 
technical literature demonstrates the significant interest of re-
searchers in various problems of the operation of excavators. 
Work [4] is devoted to the kinematic analysis of the mechani-
cal part of the excavator according to the “backhoe” scheme 
for closed-loop position control systems. In [5], the features of 
the interconnected operation of the mechanical part of the 
main mechanisms of the excavator according to the “front 
shovel” scheme are considered.

In [6], the problem of the influence of variable loads on the 
technical condition and reliability of the elements of the crowd 
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mechanism and the excavator as a whole is studied. Various 
aspects of the problem of developing autonomous or remotely 
controlled excavator systems are considered.

Works [7] consider the influence of the qualification of the 
operator on productivity and energy consumption of excavator.

The work [8] is devoted to the problems of analyzing the 
wear of excavator equipment; in [9], the wear of the elements 
of the bucket and the crowd mechanism that directly interact 
with the rock mass is considered in more detail.

Energy calculation remains the most complex and critical 
stage in the design of mechatronic systems. Currently, it is car-
ried out using particular methods [10], which do not take into 
account the settings of control devices and the features of pow-
er converters.

For electric drive systems with semiconductor converters, 
operation of which causes distortions in the shape of currents 
and voltages, both calculations and measurements of energy 
characteristics are difficult, since models and estimates of the 
parameters of electric power processes for nonlinear systems do 
not have unambiguous and generally accepted definitions [11].

In [12], the problems of synthesis of mechatronic control 
systems that are optimal in terms of minimum energy con-
sumption are considered, which is a complex task that depends 
on the size and configuration of the mechatronic system.

It should be noted that now there are no generally accepted 
definitions of the energy efficiency of technical systems and 
criteria for its determination in the scientific community.

As shown in [13], a minimum of energy consumption is 
not identical to an increase in the energy efficiency of technical 
systems.

In [14], a criterion for the energy efficiency of the process 
of starting powerful electric drives is proposed, taking into ac-
count various types of resource costs, the cumulative result 
and the duration of the starting process.

In modern scientific and technical literature, there are no 
works devoted to the synthesis of a closed-loop system for au-
tomatic control of the position of a “front shovel” excavator 
bucket, which limits the perspectives for optimizing this type 
of equipment.

Purpose. The purpose of the work is to create a mathemat-
ical model of a closed-loop excavator bucket positioning sys-
tem based on the solution of the direct and inverse problems of 
the kinematics of the mechanical part of the excavator accord-
ing to the “front shovel” scheme to determine and further op-
timize technical and economic indicators during the produc-
tion cycle of mining excavators.

To achieve this goal, it is necessary to solve the following 
tasks:

- to obtain solutions of the direct and inverse kinematic 
problems of the mechanical part of the “front shovel” excava-
tor, linking the position of the individual mechanisms of the 
excavator with the position of the bucket in three-dimensional 
space;

- to develop mathematical models of closed-loop control 
systems for the positioning of individual mechanisms of the 
excavator;

- to develop a mathematical model of energy consumption 
of the electromechanical system of the excavator during the 
full production cycle;

- to determine the numerical characteristics of the main 
types of resource costs and the duration of the full production 
cycle for various trajectories of the bucket.

Justification of the design scheme of the mathematical model 
of the excavator’s electromechanical system. The choice of the 
type of excavator equipment is determined by the mining and 
geological conditions of minerals extraction: the shape and 
depth of deposits, the hardness of mined ore, the adopted de-
velopment scheme and other factors. At the mining enterprises 
of Ukraine, which are characterized by high hardness of the ex-
tracted iron ore raw materials, electric excavators according to 
the “front shovel” scheme are most common. At the enterprises 

of South and North America, hydraulic excavators according to 
the “backhoe” scheme have become more common.

Currently, two electric drive systems are the most common 
for the main mechanisms of an excavator: an electric drive ac-
cording to the “generator-motor” system (Ward Leonard Sys-
tem), and the “thyristor converter-motor” (TC-DC) electric 
drive succeeding it. Despite the popularity and simplicity of 
mathematical modeling of a DC machine, the development of 
a model of a complete electromechanical system of an excava-
tor is not an easy task, which is due to the complex composi-
tion of electromechanical equipment, the widespread use of 
multi-motor electric drives, and the presence of complex rela-
tionships between individual mechanisms in the mechanical 
part of the excavator [5].

The most common types of powerful mining excavators in 
the conditions of Ukrainian mining enterprises are front shovel 
excavators – EKG-5, EKG-8, EKG-10, EKG-12.5, EKG-20. 
These excavators have a similar design of the main mechanisms, 
differing in geometric dimensions and minor structural elements.

The following investigation will be carried out in relation 
to the EKG-8I excavator; in our opinion, it is the most com-
mon model of a mining excavator in the conditions of the 
Kryvyi Rih iron ore basin.

The current structure of the fleet of excavators in operation in 
the quarries of the Kryvyi Rih iron ore basin is shown in Table 1.

As can be seen from Table 1, about 65 % of the excavator 
fleet are EKG-8 and EKG-10 excavators, which have the same 
design dimensions and composition of electromechanical 
equipment.

Geometric dimensions and technical characteristics of the 
electromechanical equipment of the EKG-8I excavator. Further 
calculations will be performed on the example of one of the 
most common excavators of the EKG-8I type with an electric 
drive according to the “generator-motor” system.

Simplified kinematic diagram of the mechanisms of the 
“front shovel” excavator is presented in Fig. 1. The position of 
the excavator bucket in space is completely described by the 
three-dimensional coordinates of the digging point K.

The design and overall dimensions of the EKG-8I excava-
tor are given in Table 2.

Below, Tables 3–5 show the technical characteristics of the 
electrical equipment of the excavator, that are necessary for the 
implementation of the mathematical model of the excavator.

Direct and inverse problems of excavator kinematics accord-
ing to the “front shovel” scheme. The hoist of the excavator shov-
el, Fig. 1, is carried out by changing the swing angle jP around 
the axis passing through point 1, perpendicular to the plane of 
the figure. The extension and retraction of the shovel occurs 
during linear movement in the saddle bearing located at point 
1, and is carried out by linear movement of the shovel LN. The 
platform rotates around a vertical axis passing through its cen-
ter of mass and is carried out by changing the swing angle jT.

Since the working bodies of the excavator perform two dif-
ferent swing movements, it is most natural to consider the 
movement of the working bodies of the excavator in a spherical 
coordinate system.

The center of the spherical coordinate system of the exca-
vator is located at point O on the axis of swing of the platform 
at a height equal to the height of the attachment of the bottom 
of the boom, Fig. 2.

In this case, the coordinate j will be equal to the angle of 
swing of the excavator platform, the coordinate will be equal to 
the length of the segment 0K, the coordinate ϑ will be equal to 
the angle K0X (angle jE).

With such an arrangement of the center of the coordinate 
system and the accepted direction of the coordinate axes in 
Cartesian orthogonal coordinate system, the excavator standing 
level is characterized by a negative value of the Z coordinate.

Direct problem of excavator kinematics. It is necessary to de-
termine the Cartesian coordinates of the position of the bucket 
position point K(X, Y, Z ) from the given values of the control 
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Table 1
Structure of the excavator fleet of the Kryvyi Rih iron ore basin

Company EKG-5 EKG-8 EKG-10 EKG-12
Esh

(walking 
excavator)

Hydraulics Total

Inhulets HZK 2 10 25 7 – – 44

Pivdennyi HZK 7 13 14 – – 1 35

Tsentralnyi HZK (Petrovskyi and Artemivskyi quarries) – 9 5 8 2 – 24

Tsentralnyi HZK (Hleevatskyi quarry) – 9 3 4 2 – 18

Arcelor 7 4 9 1 – 3 24

Pivnichnyi HZK (Pervomaiskyi and Annovskyi quarries) 7 16 6 11 1 2 43

TOTAL 23 61 62 31 5 6 188

Share of excavator type, % 12.23 32.45 32.98 16.49 2.66 3.19 100

Fig. 1. Simplified kinematic diagram of the mechanisms of the 
“front shovel” excavator

Table 2
Design dimensions of the EKG-8I excavator

Parameter Value
Boom length, m 13.35
jA – Boom angle, deg 47
Handle length, m 11.425
Stick stroke, m 4.3
LN min – minimum value of the stick stroke, m 0
LN max – maximum value of the stick stroke, m 4.3
jP min – minimum value of the elevation angle, deg -90
jP max – maximum value of the elevation angle, deg 45
jT min – minimum value of the swing angle, deg 0
jT max – maximum value of the swing angle, deg 
(determined by the parameters of the coalface)

120

Table 3
Specifications of the synchronous drive motor  

SDE 2-15-34-6U2

Motor model SDE 2-15-34-6U2
Power, kWt 630
Rated stator voltage, V 6000
Rated current, A 71
Rated swing speed, rpm 1000
Efficiency, % 93.8

Table 4
Specifications of generators EKG-8I

No. Drive Hoist Crowd Swing

1 Generator type PEM-151-8K PEM-2000M PEM-141-4K

2 Rated generator power, kW 500 115 250

3 Rated swing speed, rpm 1000 1000 1000

4 Rated armature voltage, V 560 330 630

5 Rated armature current, A 895 348 397

6 Rated efficiency, % 0.932 0.92 0.925

7 Number of pole pairs 3 2 2

8 Armature winding resistance, RAG, Ohm 0.0075 0.0112 0.0355

9 Resistance of additional poles RAPG, Ohm 0.00153 0.00385 0.0054

10 Compensation winding resistance RCWG, Ohm 0.00516 – 0.0139

coordinates of the excavator – linear movement of the shovel 
LN, the angle of the boom jP, the swing angle of the platform jT.

Let us examine how the coordinates r and ϑ of the spheri-
cal coordinate system are related to the angle of the boom jP 
and the linear movement of the shovel LN.

Let us determine the coordinates of point K in the Z0Y co-
ordinate system.

 0 1

1

cos( ) ( ) cos( )
.

sin( ) ( ) sin( )
X AN A N P

Z AN A N P

K R L L N
K L L N
 = + ⋅ j + + ⋅ j
 = ⋅ j + + ⋅ j

 (1)

Then the spherical coordinates of the point can be defined 
as follows
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K K

= +
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The transition from a spherical coordinate system to three-
dimensional Cartesian coordinates is carried out using well-
known expressions

 
cos( ) cos( )
cos( ) sin( ) .
sin( )

T

T

X r
Y r
Z r

 = ⋅ ϑ ⋅ j
 = ⋅ ϑ ⋅ j
 = ⋅ ϑ

 (3)

Formulas (1–3) give us a closed-loop solution to the direct 
problem of the excavator kinematics and determine the equa-
tion for converting the control coordinates of the excavator 
(LN, jP, jT) into the Cartesian coordinates of the digging point 
K(X, Y, Z ).

Inverse problem of excavator kinematics. It is necessary to 
determine the control coordinates of the excavator (LN, jP, 
jT) according to the given Cartesian position coordinates of 
the digging point K(X, Y, Z ).

The transition to spherical coordinates from Cartesian co-
ordinates is carried out using well-known expressions
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Using equation (2), we obtain the following relations
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And finally, based on equations (1), we obtain
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When solving the inverse problem of the excavator kine-
matics, we must take into account the fact that not all points in 
space (X, Y, Z ) are achievable, which is due to the existence of 
design restrictions on the coordinates of the excavator.

Therefore, equations (4–6) must be supplemented by the 
following restrictions

 
min max

min max

min max

.
N N N

P P P

T T T

L L L ≤ ≤
j ≤ j ≤ j
j ≤ j ≤ j

 (7)

Equations (4–6), taking into account restrictions (7), give 
us a closed-loop solution of the inverse problem of the excava-
tor kinematics.

Modeling of closed-loop control systems for the position of 
individual excavator mechanisms. To implement a mathemati-
cal model of both individual mechanisms of an excavator and 
an integral electromechanical system of an excavator, it is ad-
visable to use the MATLAB/Simulink program using the Sim-
Power library, since it contains pre-made implementations of 
the elements we need (power transformers, DC electrical ma-
chines, semiconductor converters of various types) and pro-
vides the ability to automatically generate a system of equa-
tions for multicomponent systems with different schemes for 
connecting individual elements.

To ensure the adequacy of the mathematical model of the 
electromechanical system of the excavator, we present the 
mathematical models of the electric drives of the individual 
mechanisms of the excavator, Fig. 4, and the drive synchro-
nous motor, Fig. 5, and the results of their work.

Mathematical modeling of the main elements of the elec-
tromechanical system of an excavator – DC machines and a 
synchronous drive motor – is a well-known studied problem, 
the solution of which is given in [15]. For mathematical mod-
eling of the working processes of a drive synchronous motor, 
we use the well-known system of Park-Gorev equations in the 
orthogonal coordinate system d, q, 0 [16].

Of particular interest is the accepted version of the imple-
mentation of a closed-loop system for controlling the position 
of individual mechanisms of the excavator.

Fig. 3, a shows the implementation of a closed-loop con-
trol system for the position of a two-motor electric drive of the 
excavator platform swing mechanism. The closed-loop con-
trol system in this case is implemented according to the archi-
tecture of a classical control system with a common adder and 
negative feedback. Position control systems for other mecha-
nisms are constructed similarly.

Fig. 3, b shows the results of mathematical modeling of the 
process of turning the platform at an angle of 120 degrees and 
returning to its original position. The numerical results of the 
angular velocity, armature current and generator voltage, 
shown in the corresponding graphs, coincide with the specifi-
cations of the electrical machines given in Tables 3, 4, which 
confirms the adequacy of the proposed implementation of a 
closed-loop position control system. The static and dynamic 
indicators of the quality of the position control of the turning 
mechanism are satisfactory and can be improved by compli-
cating the structure of the position controller and its settings.

The results of modeling other mechanisms of the excavator 
are not given due to the limited scope of the publication and 
their triviality.

Table 5
Specifications of drive motors EKG-8I

Drive Hoist Crowd Swing

Motor type 2 × DE-816 DE-816 2 × VE-812

Rated power, kW 2 × 190 100 2 × 100

Rated swing speed, rpm 720 750 750

Rated voltage, V 2 × 300 305 2 × 305

Number of pole pairs 2 2 2

Armature winding 
resistance, Ohm

2 × 0.0055 0.014 2 × 0.014

Resistance of additional 
poles, Ohm

0.0032 0.009 2 × 0.009

Fig. 2. Spherical coordinate system associated with the excava-
tor platform
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In order to combine the mathematical models of individu-
al mechanisms into an integral electromechanical system of 
the excavator, it is necessary to perform the following opera-
tions: connect the mechanical input of the DC generator units 
to the output of the angular velocity of the synchronous motor; 
determine the moment of resistance on the shaft of the drive 
synchronous motor. The moment of resistance on the SM 
shaft is equal to the total load from the DC generators of indi-
vidual mechanisms and can be calculated by the expression

 ,H H C C R R
LSM

LSM

U I U I U I
T

⋅ + ⋅ + ⋅
=

w
 (8)

where UH, IH, UC, IC, UR, IR are voltages and currents of gen-
erators of hoist, crowd and swing respectively; wLSM is an angu-
lar velocity of a synchronous motor.

The power consumption of the excavator is calculated as 
the total energy consumed from the supply network: at the ter-
minals of the SM stator in the case of the Ward Leonard Sys-
tem electric drive, or on the primary winding of the mains 
transformer in the case of the TP-D electric drive.

Fig. 4 shows the proposed enlarged block diagram of a 
closed-loop ACS of the positioning of the excavator bucket, 
which includes a subsystem for generating the required trajec-
tory of the bucket, determining the task for the position of in-
dividual mechanisms of the excavator by solving the inverse 
problem of the kinematics of the excavator, closed-loop con-
trol systems for the position of individual mechanisms, a sub-
system for calculating the consumed electricity from the mains.

The positions of individual mechanisms of the excavator 
calculated during mathematical modeling using equations 

(1–3) for the direct problem of kinematics make it possible to 
calculate the current position of the bucket in three-dimen-
sional space and use the data obtained to implement a closed-
loop control system for the position of the excavator bucket.

By setting the required trajectory of the bucket in three-
dimensional space in the form of an array of points through 
which the bucket must pass, we, using the equations for solv-
ing the inverse problem of kinematics (4–7), calculate the 
necessary tasks for the position of individual mechanisms of 
the excavator, which are worked out by closed-loop control 
systems for the position of individual mechanisms.

The resulting implementation of the model of the integral 
electromechanical system of the excavator, including equa-
tions for solving the direct and inverse problems of the kine-
matics of the “face shovel” excavator, is shown in Fig. 5.

When performing the technological cycle of moving cargo 
with a help of an excavator, there are three characteristic points 
of the trajectory through which the bucket will necessarily 
pass: 1 – the digging start point; 2 – the digging completion 
point; 3 – the point of unloading the bucket into the vehicle.

The processes of moving the bucket from point 2 to 
point 3, as well as from point 3 to point 1, can be carried out 
along various trajectories, the process of moving the bucket in 
these modes is controlled by the driver, and the excavator’s en-
ergy consumption indicators significantly depend on the driv-
er’s qualifications.

As an example, consider two bucket trajectories.
Trajectory 1. This trajectory is realized with the sequential 

movement of individual mechanisms. The sequence of move-
ments is as follows: digging – turning to the unloading posi-

Fig. 3. Implementation of a closed-loop control system for the position of the excavator platform swing mechanism:
a – block diagram of a closed-loop ACS; b – time diagrams for working out the movements of the excavator platform

a b

Fig. 4. Enlarged structural diagram of a closed-loop ACS for the positioning of the excavator bucket



112 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, № 1

tion – lowering the bucket to the unloading point – turning to 
the starting position – lowering the bucket to the starting 
point.

Trajectory 2. The sequence of movements is as follows: 
digging – moving to the unloading point along a straight-line 
trajectory – moving to the starting position along a straight-

line trajectory. The implementation of such a trajectory re-
quires the simultaneous coordinated operation of the electric 
drives of individual mechanisms.

Fig. 6 shows three-dimensional trajectories of the excavator 
bucket during the execution of the first a and second b trajecto-
ries, as well as time diagrams of the effective value of the stator 

Fig. 5. Mathematical model of the complete electromechanical system of an excavator with electric drives of the main mechanisms ac-
cording to the Leonard system

Fig. 6. Diagrams of the excavator operation during the full technological cycle:
a, b – trajectories of bucket; c, d – corresponding motion and power consumption diagrams of the drive synchronous motor

a

c

b

d
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current of the SM, A, the angular velocity and moment of the 
moving SM, the instantaneous total power, VA, and the power 
consumed from the beginning of the production cycle, VA·s, 
during the execution of the first c and second d trajectories.

A comparative analysis of the performance of the excavator 
when performing different trajectories is shown in Table 6.

As can be seen from Table 6, the length of trajectory 2 is 
reduced by 27.4 %, the execution time of trajectory 2 is re-
duced by 22.5 % compared to trajectory 1, but the power con-
sumption of the excavator increases by 22.8 %.

From the obtained results, it can be hypothesized that the 
control for maximum speed is in conflict with the control for 
minimum power consumption.

The choice of the optimal trajectory of the excavator buck-
et requires the development of a special combined criterion 
that would take into account not only the change in energy 
consumption, but also the change in the performance of the 
excavator with a change in the length and duration of the tech-
nological cycle and is the subject of further research.

Conclusions. At the mining enterprises of Ukraine, which 
are characterized by high hardness of the extracted iron ore 
raw materials, electric excavators according to the “front shov-
el” scheme with the “generator-motor” system electric drive 
and the “TP-D” system electric drive succeeding it are most 
widely used.

Mathematical models of electric drives according to the 
G-M system of individual mechanisms of excavators and a drive 
synchronous motor are given. Combining the obtained models 
and taking into account the equations of the kinematics of the 
mechanical part of the excavator according to the “front shovel” 
scheme, a mathematical model of the integral electromechani-
cal system of the excavator was obtained which makes it possible 
to proceed to the solution of the problem of creating a closed-
loop system for controlling the position of the excavator bucket, 
to analyze the interconnected operation of individual mecha-
nisms when performing the full technological cycle of the exca-
vator; to determine the parameters of various trajectories of the 
bucket during the execution of the technological cycle.

It is shown that the reduction in the duration of the tech-
nological cycle of the excavator leads to an increase in the en-
ergy consumption of the excavator as a whole. With a reduc-
tion in the duration of the technological cycle by 22.5 %, the 
power consumption of the excavator increases by 22.8 %.

The choice of the optimal trajectory of the excavator buck-
et requires the development of a combined criterion that would 
take into account not only the change in energy consumption, 
but also the change in the performance of the excavator with a 
change in the length and duration of the technological cycle.
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Мета. Дослідження енергоспоживання мехатронних 
систем кар’єрних екскаваторів при виконанні повного 
експлуатаційного циклу, розробка критерію енергетич-

Table 6
Excavator performance indicators when performing different 

trajectories

Trajectory Energy consumption, 
kVA·h

Trajectory 
length, m

Travel 
time, s

Trajectory 1 2.7547 106.04 40

Trajectory 2 3.3842 76.91 31
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ної ефективності експлуатаційного циклу кар’єрних екс-
каваторів, що забезпечує підвищення техніко-економіч-
них показників експлуатації потужного гірничодобувно-
го обладнання.

Методика. Математичне моделювання електромеха-
нічної системи екскаватора за схемою «пряма лопата», 
визначення показників експлуатаційного циклу, розроб-
ка критерію енергетичної ефективності експлуатаційно-
го циклу кар›єрного екскаватора з урахуванням теорії 
ефективності технічних систем.

Результати. Розроблена математична модель цілісної 
електромеханічної системи екскаватора з електропри-
водом «генератор–двигун», що включає модель меха-
нічної частини екскаватора. Замкнена система управ-
ління положенням окремих механізмів дозволяє реалі-
зовувати різні траєкторії руху в ході виконання експлуа-
таційного циклу. Отримані числові характеристики 
енергоспоживання та тривалості для різних траєкторій 
руху робочих органів екскаватора. Запропоновано но-
вий критерій енергетичної ефективності мехатронних 
систем кар’єрних екскаваторів.

Наукова новизна. Уперше запропонована математич-
на модель цілісної електромеханічної системи екскавато-

ра за схемою «пряма лопата», що включає моделі елек-
троприводів усіх механізмів і привідного синхронного 
двигуна, а також модель механічної частини екскаватора, 
що дозволило підвищити точність визначення енергос-
поживання екскаватора й часу виконання експлуатацій-
ного циклу. Запропоновано критерій енергетичної ефек-
тивності, що враховує величину ресурсних витрат, су-
купного результату та тривалості виконання експлуата-
ційного циклу екскаватора.

Практична значимість. Розроблена математична мо-
дель електромеханічної системи екскаватора з електро-
приводом по системі «генератор–двигун», що, з ураху-
ванням вирішення прямої та зворотної задачі кінемати-
ки механічної системи екскаватора, дозволяє порівню-
вати параметри різних траєкторій переміщення екска-
ватора. Запропоновано критерій енергетичної ефектив-
ності виконання технологічного циклу екскаватора, що 
враховує ресурсні витрати та тривалість технологічного 
циклу.

Ключові слова: екскаватор, математична модель, па-
раметри траєкторії, енергетична ефективність
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