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Abstract
The mechanical transmissions of the hoist and drag winches, as well as the crowd mechanisms of mining 
shovels, operate under highly variable and shock cyclic loads. These severe operating conditions impose 
stringent quality requirements on both the manufacturing and assembly of such transmissions. The lifecycle 
management process for these gearboxes includes running-in and acceptance testing at the manufacturing 
plant, followed by diagnostics and condition monitoring during field operation. Test benches designed for 
these purposes must closely replicate the operating conditions experienced by the transmission in actual 
service. The developed test bench is designed to perform running-in (initial wear-in of mating surfaces) 
and quality control testing of hoist and crowd winch gearboxes installed in electric mining shovels of 
the following models: EKG-8US, EKG-10, EKG-12K, EKG-15M, EKG-18, EKG-20KM, and EKG-32R. These 
operations are carried out as part of the standard acceptance testing procedure. The test bench is equipped 
with DC excavator motors rated at 350 kW (drive motors) and 560 kW (loading motor). The hoist winch 
gearbox from the EKG-15M shovel serves as the torque multiplier. Two intermediate shafts are connected via 
an intermediate coupling, with the loading motor driving one of these shafts. Motor control is implemented 
using standard DC transistor converters with PWM control, identical to those used in mining shovels 
equipped with DC main drives. The running-in and testing processes are carried out using the mutual loading 
method, which enhances energy efficiency by allowing regenerative energy to be reused within the system. 
The test bench software is based on the Pulsar-7 information and diagnostics system, which supports the 
following operational modes: 1. Interactive manual control, enabling the operator to verify the functionality 
and calibration of test bench components. 2. Automatic control of the running-in and testing processes, 
where pre-programmed sequences from a built-in library generate the required control commands for each 
specific test type. Available test modes include: unloaded running-in, running-in under constant load, 
running-in under variable load and rotational speed, excavation cycle simulation. 3. Automated test report 
generation, including the ability to view and print previously generated reports. 4. Software configuration and 
auxiliary functions, including an embedded help system. A mathematical model of the mechatronic system 
was developed and used to simulate the running-in process of the EKG-15M crowd gearbox in Simulink.  
The developed test bench system has been successfully implemented at Joint Power Co., Ltd. (Moscow) and 
IZ-KARTEX named after P.G. Korobkov.
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Аннотация
Механические передачи подъемных и тяговых лебедок, а также механизмы напора карьерных экскава-
торов находятся под действием наибольших знакопеременных ударных нагрузок. Поэтому к качеству 
изготовления механических передач предъявляются повышенные требования. Процесс управления 
жизненным циклом редукторов включает обкатку и испытания нового изделия на предприятии, диа-
гностику и контроль в процессе эксплуатации. Стенды для этих целей должны обеспечивать максималь-
ное соответствие режима испытаний условиям эксплуатации механической передачи. Разработанный 
стенд предназначен для обкатки (приработки сопряженных соединений) и контроля качества изготов-
ления и сборки редукторов лебедок подъема и напора электрических карьерных экскаваторов ЭКГ-8ус, 
ЭКГ-10, ЭКГ-12К, ЭКГ-15М, ЭКГ-18, ЭКГ-20КМ, ЭКГ-32Р в условиях приемо-сдаточных испытаний. В стен-
де применены двигатели экскаваторные постоянного тока мощностью 350 кВт (приводные машины) и 
мощностью 560 кВт (нагружающая машина). В качестве мультипликатора использован редуктор лебедки 
подъема экскаватора ЭКГ-15М. Два промежуточных вала объединены промежуточной вставкой. Нагру-
жающий двигатель соединен с одним валом. Для управления двигателями использованы типовые тран-
зисторные преобразователи постоянного тока с широтно-импульсным регулированием, применяемые 
на экскаваторах с главными приводами постоянного тока. Обкатка и испытания редукторов проводятся 
методом взаимной нагрузки. Программное обеспечение испытательного стенда реализовано на основе 
информационно-диагностической системы Пульсар-7. При этом обеспечиваются следующие режимы 
работы: 1. Интерактивное управление компонентами стенда в ручном режиме. В этом режиме оператор 
может проверять функционирование компонентов стенда, выполнять их настройку. 2. Автоматическое 
управление процессом обкатки испытаний. Подпрограммы из имеющейся библиотеки обеспечивают 
формирование требуемых в соответствии с видом испытания последовательностей управляющих ко-
манд. Предусмотрены режимы обкатки без нагрузки, с постоянной нагрузкой, переменными нагрузкой 
и угловой скоростью, воспроизведения цикла экскавации. В процессе испытания производится авто-
матическое создание протокола по испытуемому изделию. 3.  Формирование протоколов испытания. 
Оператор может просматривать и выводить на печать любые ранее сформированные протоколы. 4. На-
стройка программы и вспомогательные функции, в том числе справочная подсистема. На основе со-
ставленного математического описания мехатронных систем выполнено исследование процессов при 
обкатке редуктора напора ЭКГ-15Мс помощью Simulink. Разработанный стенд реализован в ООО Ком-
пания «Объединенная Энергия» и внедрен в ООО «ИЗ-КАРТЭКС имени П.Г. Коробкова».
Ключевые слова
горные машины, мехатроника, экскаватор, редуктор, обкатка, испытание, моделирование, регулирова-
ние, система, стенд
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Introduction
The mechanical transmissions of mining shovels 

and other mining machinery are critical components 
that significantly affect the reliability and operational 
efficiency of these machines [1, 2]. The hoist and drag 
winch gearboxes, as well as the crowd mechanisms, are 
subjected to highly variable cyclic shock loads during 
operation. These loads accelerate wear and reduce the 
service life of gearboxes. Consequently, stringent man-

ufacturing quality requirements are applied to their 
transmission components [3]. The lifecycle manage-
ment of such gearboxes includes running-in and ac-
ceptance testing at the manufacturer’s site, followed 
by diagnostics and condition monitoring during field 
operation [4, 5]. The integration of digital twin techno- 
logy offers promising prospects, enabling the creation 
of digital gearbox models and their verification during 
running-in and acceptance testing [6]. 
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The running-in process serves several purposes, 
including initial wear-in of mating surfaces, detection 
of assembly defects, and adjustment of components 
and assemblies, all of which contribute to extending 
the service life of the gearboxes [7, 8]. Running-in plays 
a key role in ensuring stable performance of mecha- 
nical systems, acting as a transitional process that in-
volves complex interactions between friction, lubri-
cation, surface roughness, plastic deformation, and 
wear  [9, 10]. During this process, key tribological pa-
rameters (such as surface roughness, surface texture, 
friction coefficient, and wear rate) evolve until they 
stabilize under steady-state conditions [11, 12]. The 
final tribological state achieved during running-in 
largely determines the long-term performance charac- 
teristics of the gearbox [13]. The running-in process 
is developed individually for each gearbox type, invol- 
ving a stepwise sequence of modes, from no-load oper-
ation to operation under nominal load, covering vari-
ous speeds and rotational directions [14, 15]. The dura-
tion of running-in and testing depends on the specific 
design and operating conditions of the gearbox.

Test benches designed for running-in and testing 
must be capable of simulating all required test modes, 
automating test execution and data processing, and 
minimizing energy consumption [14, 15]. Test ben- 
ches must closely replicate the actual operating con-
ditions of the mechanical transmission during tes- 
ting. Currently, the mutual loading method using 
electric machines is the most widely used approach 
for gearbox testing, where the shafts are connected 
via a gearbox and a torque multiplier multiplier [16]. 
This method uses identical drive motors and mecha- 
nical transmissions (gearbox and multiplier). For 
manufacturers producing a variety of gearbox de-
signs, the ability to test units with different gear ra-
tios is particularly important 1.

This paper examines the design and implemen-
tation of an automated system for the running-in and 
testing of hoist and crowd winch gearboxes for mining 
shovels, developed by Joint Power Co., Ltd. (Moscow).

Objective and tasks
The objective of this study is to analyze, design, and 

model test bench equipment for the running-in and 
testing of mechanical transmissions used in the main 
drives of electric mining shovels. 

Key tasks:
1) to develop of functional diagrams for test 

benches for the running-in of hoist and crowd winch 
gearboxes in mining shovels, ensuring that the 

1 Malafeev S. I. Russian Patent No. 2779712. IPC G01R31/34. 
Test Bench for DC Electric Machines and Mechanical Transmis-
sions. Published on September 12, 2022. Bulletin No. 26.

benches are effective for testing mechanical trans-
missions of different excavator models with various 
gear ratios;

2) to develop and analyze the mathematical 
models describing the mechatronic systems of test 
benches for the running-in of gearboxes in both sin-
gle-motor and dual-motor drives, using the mutual 
loading method;

3) to study the mechatronic system models of the 
test benches using MATLAB-Simulink;

4) to implement the mechatronic system for the 
test bench at IZ-KARTEX named after P.G. Korobkov.

1. Functional diagram of the system
The functional diagram of the mechatronic sys-

tem for the running-in of dual-motor hoist drive 
gearboxes is shown in Fig. 1. The mechatronic system 
is powered by the 0.4 kV plant power supply network 
through the circuit breaker QF, power transformer T, 
and diode rectifier R. A capacitor C is installed in the 
DC link. The tested gearbox is driven by two DC mo-
tors — M1 and M2. The low-speed shaft of the gear-
box G is connected to the shaft of the loading mo-
tor M3 via a torque multiplier MP. The motors M1, 
M2, and M3 are controlled by regulating the voltage 
applied to their armature windings using transistor 
bridge converters – TC1, TC2, and TC3, respectively. 
The field windings of the motors are connected in se-
ries and powered by the output of the transistor con-
verter TCO. A transistor switch TS and ballast resistor 
R are used to dissipate excess energy in the DC link 
in case of emergency. The torque on the motor shafts 
is measured using torque couplings MM1 and MM2. 
The testing process is controlled by a dedicated op-
erator PC, with all test programs and results stored 
on a server.

The test bench uses power equipment and an in-
formation and control system originally developed 
for mining shovels equipped with DC main drives and 
transistor power converters [17].

The running-in and testing of the gearboxes is 
carried out using the mutual loading method. The 
power inputs of the transistor converters TC1, TC2, 
and TC3 are connected in parallel to the DC link. The 
field windings of the electric machines are supplied 
by the output of TCO, which operates in current sta-
bilization mode. Motors M1 and M2 operate in motor 
mode, controlled by a dual-loop control system, con-
sisting of an inner current loop and an outer voltage 
loop [17, 18]. To stabilize the angular speed, positive 
feedback from the armature current is used. In this 
configuration, one motor acts as the master, while the 
other follows as the slave. Motor M3 operates in ge- 
nerator mode, maintaining constant armature current. 

https://mst.misis.ru/
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The power take-off points from the DC link for all 
drives are unified, meaning that the power drawn from 
the network equals the losses in the electric machines 
and the transistor converters. For the running-in and 
testing of crowd winch gearboxes, only a single drive 
motor is used – for example, M1.

The test bench configuration shown in Fig. 1 al-
lows for the running-in and testing of gearboxes with 
different gear ratios using a single stationary torque 
multiplier.

2. Analysis of the test bench mechatronic system
The structural diagram of the mechatronic system 

for the test bench is shown in Fig. 2. The designations 
used in the diagram are as follows: TC1, TC2, TC3 – 
transistor converters for motor control; ACS1, ACS2, 
ACS3 – armature current sensors of the DC motors; 
CR1, CR2, CR3 – current regulators; VR – voltage reg-
ulator; CL – current limiter unit; IS1, IS2 – intensity 
setpoints; Hc1(s), Hc2(s), Hc3(s) – transfer functions of 
the transistor converters controlling DC motors M1, 
M2, M3, respectively; Hcur1(s), Hcur2(s), Hcur3(s) – trans-
fer functions of the current regulators; Hv(s) – transfer 
function of the voltage regulator in the speed control 
system; kcur – gain of the corrective positive current 
feedback; Hf(s) – transfer function of the filter in the 
voltage control loop; r1, r2, r3 – armature winding re-
sistances of the DC motors; L1, L2, L3 – armature wind-
ing inductances of the DC motors; c1, c2, c3 – motor 
constants of the DC motors; ki1, ki2, ki3 – gains of the 
current sensors DT1, DT2, DT3, respectively; ku – gain 
of the voltage sensor; J1 – equivalent moment of iner-

tia of the rotating masses referred to the drive motor 
shaft; J2 – equivalent moment of inertia referred to 
the loading motor shaft; km1 and km2 – transmission ra-
tios of the gearbox and the torque multiplier, respec-
tively; c12 – stiffness of the mechanical connection; 
kv1, kv2 – viscous friction coefficients simulating losses 
in the mechanical transmissions; U1, U2, U3 – armature 
voltages of the electric machines; i1, i2, i3 – armature 
currents of the electric machines; Ω1 and Ω2 – angu-
lar speeds of the drive motors and the loading ma-
chine, respectively; ϕ1 and ϕ2 – rotation angles of the 
gearbox output shaft and the torque multiplier input 
shaft; T1 and T2 – electromagnetic torques of the first 
and second drive motors; T – torque at the gearbox 
output shaft; uss – speed setpoint voltage for the drive 
motors; ucs – load torque setpoint voltage (armature 
current setpoint for the loading motor). For the tran-
sistor converters, the following applies: Hc1(s) = kc1, 
Hc2(s) = kc2, Hc3(s) = kc3, where kc1, kc2, kc3 are the gains 
of the corresponding converters. The control system 
uses a proportional voltage regulator with a gain of kv, 
i.e., Hv(s) = kv, and a first-order low-pass filter

( ) ,
1

f
f

f

k
H s

k s
=

+

where kf и Tf are the filter gain and time constant, re-
spectively. Proportional-integral controllers are used 
as current regulators.

In the dual-motor drive, identical electric ma-
chines are used, so Hp1(s) ≈ Hp2(s); Ht1(s) ≈ Ht2(s); r1 ≈ r2; 
L1 ≈ L2; c1 ≈ c2; kt1 ≈ kt2. For crowd gearbox testing, only 
one drive motor is used (see Fig. 3).

TC1

МP

ТCO
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М1 М3

ТC1 ТC2 ТC3 ТS

G

QF
R

R

Server

FW1

FW2 FW3

С

Control
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T0.4 kV
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Operator
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Fig. 1. Functional diagram of the mechatronic system for running-in hoist gearboxes: QF – circuit breaker; T1 – power 
transformer; R – rectifier; TCO, TC1, …, TC3 – transistor bridge converters; TS – transistor switch; С – DC link capacitor;  

BR – ballast resistor; M1 – loading DC motor; М2, М3 – drive DC motors; FW1, …, FW3 – field windings of motors M1, M2, 
M3, respectively; MP – torque multiplier; G – tested gearbox; TC1, TC2 – torque measuring couplings
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fwi
1i

P
=
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3

 – 

active power consumed by the field windings of the 
electric machines.

The losses in each component can be approxi-
mately determined using their efficiency values under 
the corresponding operating modes.

3. Mechatronic system modeling
The system model was studied using Simulink 

during the running-in process of the EKG-15M crowd 
winch gearbox. The simulation was performed for 
a system equipped with DC motors M1 (DPE350D-2) 
and M3 (DPE560D-2). The gear ratio of the crowd 
gearbox is 92.59, and the transmission ratio of the 
torque multiplier is 31.359.

Figs. 4 and 5 show the results of the simulation for 
the running-in process of the EKG-15M crowd gear-
box (with a gear ratio of 92.59). Fig. 4 presents oscillo-
grams of system processes at different angular speeds 

The power drawn from the supply network under 
steady-state running-in conditions equals the total 
power losses in the powertrain components. For the 
system shown in Fig. 2, the total power drawn from 
the supply can be expressed as:

3

1
4 3

1 1
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where ΔPt – transformer losses; ΔPr – rectifier losses; 
Pc – losses in the DC link capacitor;

mi
1i

P
=
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3

 – 

total losses in the electric machines; 

tci
1i

P
=

∆∑
4

 – 

total losses in the transistor converters; ΔPg – gearbox 
losses; ΔPmp – torque multiplier losses;
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Fig. 2. Structural diagram of the mechatronic system for running-in the hoist winch gearbox
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Fig. 5 shows oscillograms of the mechatron-
ic system’s processes during harmonic variation of 
the drive motor’s angular speed, with a period of 
62.8  seconds. Throughout the process, the loading 
machine maintains a constant torque, with its arma-
ture current set at 100 A. During the first half of the 
cycle, the load torque acts as a braking force. In the 
second half, it aligns with the torque produced by the 
drive motor.

and load torques. During the time interval from 0 to 
40  seconds, the drive accelerates to an angular speed 
of 20 rad/s, with a load torque of 1.6 kN·m applied to 
the low-speed shaft. At 40 seconds, the angular speed 
increases to 30 rad/s, while the load torque at the out-
put shaft remains 1.6 kN·m. At 80 seconds, the angu-
lar speed of the drive motor increases to 50  rad/s. At 
120 seconds, the load torque increases to 9 kN·m, and at 
160 seconds, the load torque further rises to 16.5 kN·m.
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Fig. 3. Structural diagram of the mechatronic system for running-in the crowd winch gearbox
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the running-in of the crowd winch gearbox at different 

angular speeds and load torques

0 50 100 150 200 250 300
Time, sec.

300

200

100

0

–100

–200

Ω1, rad/s Ω2, rad/s M, N ∙ m i1, А i2, А

Fig. 5. Oscillograms recorded during  
the running-in of the crowd winch gearbox  

under harmonic variation of the drive motor’s angular 
speed and constant load torque

https://mst.misis.ru/


81

ГОРНЫЕ НАУКИ И ТЕХНОЛОГИИ
MINING SCIENCE AND TECHNOLOGY (RUSSIA)

Malafeev S. I. et al. Mechatronic system for running-in and testing of mechanical transmissions in mining shovels2025;10(1):75–83

https://mst.misis.ru/

eISSN 2500-0632

4. Practical implementation of the test bench
The developed test bench is designed for the 

running-in process (initial wear-in of mating sur-
faces) and quality control testing of hoist and crowd 
winch gearboxes used in electric mining shovels of 
the following models: EKG-8US, EKG-10, EKG-12K, 
EKG-15M, EKG-18, EKG-20KM, and EKG-32R. These 
operations are performed as part of the acceptance 
testing procedure. An external view of the test bench 
is shown in Fig. 6.

The test bench is equipped with DC excava-
tor motors, including two 350 kW drive motors and 
one 560 kW loading motor. The hoist winch gearbox 
from the EKG-15M excavator serves as the torque 
multiplier, with a gear ratio of 31.359. The system 
includes two intermediate shafts, which are linked 
by an intermediate coupling, and the loading motor 
is connected to one of these shafts. Motor control is 
handled by standard DC transistor converters with 
pulse-width modulation (PWM) — the same type 
of converters used in mining shovels with DC main 
drives [17]. Drive motor speed range: 0 to 1000 rpm. 
Load torque range at the loading motor output shaft: 
0 to 7.5 kN·m.

The test bench software is based on the Pulsar-7 
information and diagnostics system [17], supporting 
the following operating modes:

Interactive manual control of test bench com-
ponents. In manual mode, the operator can check the 
functionality of the bench components and perform 
calibration. The software automatically detects the 

status of the circuit breakers (indicating whether they 
have tripped) and verifies the readiness of the power 
converters and monitoring instruments.

Automatic control of the running-in and 
testing process. Pre-programmed sequences from 
the built-in test library generate the required con-
trol commands for each specific test type. The soft-
ware supports various modes, including no-load run-
ning-in, running-in under constant load, running-in 
with variable load and angular speed, and excavation 
cycle simulation [18]. The operator selects the de-
sired mode via the computer interface. The current 
values of key monitored parameters — including the 
rotational speeds of the motors and gearbox shafts, 
torque, and motor currents — are displayed on the 
monitor in real time. During testing, the system au-
tomatically generates a test report for the tested unit, 
with data recorded to the hard disk in real time. The 
software also supports synchronized operation with 
external instruments used to monitor vibration le- 
vels, bearing temperatures, and kinematic deviations 
in gear meshing, among other parameters.

Test report generation. The operator can view 
and print any previously generated test reports. 
Each report includes: a text section listing the mea- 
surement results required by the test methodology 
for each specified mode; a graphical section, where 
the operator can select parameters to display their 
time-dependent trends recorded during the test. 

Software configuration and auxiliary functions, 
including an integrated help system.

Fig. 6. Test bench installed in the workshop
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