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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
1Z-KARTEX named after P.G. Korobkov.
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AHHOTauunA

MexaHnyeckue TiepeJauy MOgbeMHBIX U TATOBBIX JIeOeJ0K, a TAKKe MeXaHM3Mbl Harlopa KapbepHbIX IKCKABa-
TOPOB HAXOMSTCS IOJ, AeiCTBMEM HAaMOOMBIINX 3HAKOIIEPEMEHHBIX YIAPHBIX HArPy30K. [I09TOMY K KauecTBy
M3TOTOBJIEHUS MeXaHMYEeCKUX Teperay IMpeIbsiBISIOTCS TOBbIIIeHHbIe TpeboBaHuMs. IIpoliecc yrpaBieHUs
KM3HEHHBIM IIMKIOM PEIYKTOPOB BKIIOYAET OOKATKY VM UCIIBITAHMS HOBOTO M3LEINSI Ha MPEeNNpUsITUY, Aua-
THOCTMKY U KOHTPOJIb B Ipo1iecce aKcIutyatauyy. CTeHIbI IS STUX LieJiel JOIKHbI 06eCTieunBaTh MaKCUMalb-
HO€ COOTBETCTBME PEXMMA MCITBITAHUI YCIOBUSIM SKCIUTyaTallMy MeXaHMYecKoii mepegaun. Pa3spaboTaHHbIi
CTeH[I, ITpeIHa3HaYEeH /J11 06KATKY (MIPUPABOTKM COMPSDKEHHbBIX COENMHEHMI) M KOHTPOJISI KaueCTBa U3TOTOB-
JieHust U cCOOPKY pPeayKTOPOB Jiebe0K TToAbeMa M Haropa 3MeKTPUIeCcKNX KapbepHbIX 3KckaBaTopoB JDKI-8yc,
9KT-10, 9KI-12K, 3KT-15M, DKTI-18, OKT-20KM, OKT-32P B yC/I0BMSIX TPMEMO-CIATOUHbIX UCITBITAHNIA. B cTEH-
Jle TIPMMEHEHBI IBUTATE/IM SKCKaBATOPHBIE MIOCTOSIHHOTO TOKA MOIIHOCTHIO 350 KBT (MpMBOAHBIE MAIIIMHBI) U
MOIIIHOCTBI0 560 KBT (Harpyskaloliiasi MaliiHa). B kauecTBe My/JIbTUILUIMKATOPA MCIIOTb30BaH PEIyKTOP JIeOeaIKu
nogbema sKkckaBaropa JKI-15M. [IBa MpoMeXyTOYHBIX Basla 00beIMHeHbI TPOMEeXYTOYHOI BCTaBKoit. Harpy-
KaIOIINIi IBUTATeNb COEIMHEH C OGHMUM BajioM. [I7151 yIipaBiaeHMs ABUraTeIsIMU UCII0/Ib30BaHbl TUTIOBBIE TPaH-
3MCTOpPHBIE TTPe06pa3oBaTeNy MOCTOSTHHOTO TOKA € IIMPOTHO-UMITYIbCHBIM PEryIMpPOBaHMEM, IPUMEHSIeMbIe
Ha 9KCKaBaTOPax C IVIABHBIMM IIPUBOAAMMU TIOCTOSTHHOTO TOKa. OO6KATKA M UCTIBITAHMSI PETYKTOPOB ITPOBOJISITCS
MEeTOJOM B3aMMHOJi Harpy3Ku. IIporpaMmMHoe o6ecrieueHye UCTIBITATETbHOTO CTEHA PEATM30BaHO HA OCHOBE
MH(POPMALMOHHO-AVMATHOCTUYECKOI cucTeMbl [Tymbcap-7. IIpy 9TOM 06€CcTIeunBarOTCsl CIEAYIONINE PEKMMBI
pa6ortsi: 1. IHTepakTMBHOE yIIpaBJieHyie KOMIIOHEHTaMY CTEHA B PYUHOM PeXXMMe. B 3TOM peskume orepaTop
MOXXeT MPOBepATh PYHKIIMOHMPOBAHME KOMIIOHEHTOB CT€H/IA, BBITIOMHSThH UX HACTPOIKY. 2. ABTOMaTHUUYecKoe
yIpaBJieHNe MPOIecCOM OOKATKM MCIbITaHMit. TlogmporpaMmsbl M3 UMeIOIIeiicss 6ubIMoTeK 06eCcTIeunBaioT
dbopmupoBaHme TpeGyeMbIX B COOTBETCTBUM C BUIOM MUCITBITAHMS MTOC/IE€A0BATENIbHOCTEN YITPABIISIOMIMUX KO-
Mau/. [IpegycMOTpeHbl peXXMMbI 0OKATKY O3 Harpy3Ku, C MOCTOSTHHOM HAarpy3Koii, TepeMeHHbIMU Harpy3Koii
U YITIOBOJ CKOPOCTBIO, BOCIIPOM3BENEHNS LKA SKCKaBaluu. B mponecce UCIBITaHUSI TPOU3BOAUTCS aBTO-
MaTUyeckoe CO3[aHue IIPOTOKOJIA 110 UCIBITYyeMOMY M3Jenuto. 3. @opMupoBaHue MPOTOKOIOB UCIIBLITaHUS.
OrmepaTop MOKeT MTPOCMAaTPUBATh M BBIBOANUTH HA TIeUaTh J00bie paHee choOpMMPOBaHHbBIE TPOTOKOIBI. 4. Ha-
CTpOJiKa MporpaMMbl 1 BCIioMoraTenbHble QyHKIMM, B TOM UMCIe CipaBovHas nozgcucreMma. Ha ocHoBe co-
CTaBIE€HHOTO MaTeMaTMUYeCKOTrO OMMCAHNSI MeXaTPOHHBIX CUCTEM BBHITIOIHEHO MCCIelOBaHMe POLIECCOB MPU
obkaTke penykropa Haropa JKI-15Mc nomorpio Simulink. Paspa6oTanHsiii creHy peannsoBad B 000 Kom-
nanus «O6bequuenHas dHeprusi» u BHeapeH B 000 «M3-KAPTIKC umenu IL.T. KopobkoBar.
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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-

/6

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 !.

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 GO1R31/34.
Test Bench for DC Electric Machines and Mechanical Transmis-
sions. Published on September 12, 2022. Bulletin No. 26.
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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.
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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; H,(s), H,(s), Hs(s) — transfer functions of
the transistor converters controlling DC motors M1,
M2, M3, respectively; H,,.(s), H,,,(S), H,,(s) — trans-
fer functions of the current regulators; H,(s) — transfer
function of the voltage regulator in the speed control
system; k., — gain of the corrective positive current
feedback; H(s) - transfer function of the filter in the
voltage control loop; r, r,, r; — armature winding re-
sistances of the DC motors; L,, L,, L, — armature wind-
ing inductances of the DC motors; c,, ¢,, ¢; — motor
constants of the DC motors; k;;, k;,, ki; — gains of the
current sensors DT1, DT2, DT3, respectively; k, — gain
of the voltage sensor; J, — equivalent moment of iner-
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tia of the rotating masses referred to the drive motor
shaft; J, - equivalent moment of inertia referred to
the loading motor shaft; k,,, and k,,, — transmission ra-
tios of the gearbox and the torque multiplier, respec-
tively; c,, — stiffness of the mechanical connection;
k,,, k,, — viscous friction coefficients simulating losses
in the mechanical transmissions; U,, U,, U; — armature
voltages of the electric machines; i, i,, i; — armature
currents of the electric machines; Q, and Q, — angu-
lar speeds of the drive motors and the loading ma-
chine, respectively; ¢, and ¢, — rotation angles of the
gearbox output shaft and the torque multiplier input
shaft; T, and T, — electromagnetic torques of the first
and second drive motors; T — torque at the gearbox
output shaft; u — speed setpoint voltage for the drive
motors; u, — load torque setpoint voltage (armature
current setpoint for the loading motor). For the tran-
sistor converters, the following applies: H,(s) = k,,
H(s) = k., H(s) = k., where k_, k., k. are the gains
of the corresponding converters. The control system
uses a proportional voltage regulator with a gain of k,,
i.e., H(s) = k,, and a first-order low-pass filter

H.(s) i
S =
f ks +

where k. T, 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 H,,(s) ~ H,(s); H,,(s) = H,(S); 1, = I;
L, = Ly; ¢, = ¢;; k,, = k ,. For crowd gearbox testing, only
one drive motor is used (see Fig. 3).

17

Operator Server
0.4 kV QF zz T PC
|E
TCO TC1 TC2 TC3 TS
a N J [ control N ]
o N I onro I =
1 i 1 unit 1 i
G FW2 TC2 FW3
R
FW1 g X C
TC1 |:|
M3
M1 M2 X MP

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; C — DC link capacitor;
BR - ballast resistor; M1 — loading DC motor; M2, M3 — 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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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
P.=AP, +AP, +P. + ) AP, +
i=1
4 3
+Y AP +AP + AP, + > Py,
P i1

where AP, — transformer losses; AP, — rectifier losses;
P_—losses in the DC link capacitor;

3
Z AP,; -
i=1
total losses in the electric machines;

4
ZAPtci -
i=1

total losses in the transistor converters; AP, — gearbox
losses; AP, , — torque multiplier losses;

elSSN 2500-0632
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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

CR1 CL VR
chrl(s) < (i;)s /) < Hv(s) ISl € Uss
Hi(s
Vs +(5)
k, ACS1| ky
TC1 kcur
1 M,
=i Hcl(s) SL1+r1 v S
U, L
(o]
CR2
chrZ(S) @
ACS2| ks -k P,
TC2 M, ¢
U, N L 2 N 1. M
C —_— Zml c
H,,(s) SL, 1, e 2 TS S 4)®_> 12
9
kml
ka
TC3 U ka
3 .
1 13 C L ka
| ch(S) —SL3+r3 T 3 ]ZS T P2
kv2 Q
ks |ACS3 2
c3 1
CR3 -
chrS(s) < (Eé )€ ISZ K— Ucs

Fig. 2. Structural diagram of the mechatronic system for running-in the hoist winch gearbox
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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 kKN'm, and at
160 seconds, the load torque further rises to 16.5 kN-m.
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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.

H(s)
CR1 CL VR —
chrz(s) 4 K— HV(S) F®H IS1 € U
VS | k, Ker
ACS1| k, — ki | q
TCl U, M, i~ : 1 M
1 1 k
C -— Zml C
= H,(s) ST ! 1 %@9 Ts : 4)(%)% 12
G
kml
ka
TC3 K
Us I3 k
1 C L Zm2
Hs($) sLs +15 I_) ’ Jos s 2
ks |ACS3 | ki Q,
Cs I
CR3 -
chrz(s) % IS2 € U

Fig. 3. Structural diagram of the mechatronic system for running-in the crowd winch gearbox

100
80
60
40
20 [k
; w
0 o~ N— n
-20 I | | | | | ! ! !
0 20 40 60 80 100 120 140 160 180 200
Time, sec.
—Q,rad/s —Q,rad/s —MkN-m —i,A —i,A

Fig 4. Oscillograms recorded during
the running-in of the crowd winch gearbox at different
angular speeds and load torques

300
100
0
-100+
-200 r . : ; .
0 50 100 150 200 250 300
Time, sec.
—Q,rad/s —Q,rad/s —MN-m —i,A —i,A

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
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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

Fig. 6. Test bench installed in the workshop

81

elSSN 2500-0632

https://mst.misis.ru/

Malafeev S. I. et al. Mechatronic system for running-in and testing of mechanical transmissions in mining shovels

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.
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Conclusions and recommendations

1. The voltage stabilization algorithms under
consideration rely on an analytical solution to the
problem of power flow determination in the electri-
cal system. Running-in and testing of mining sho-
vel transmissions improve manufacturing quality and
ensure that product characteristics meet the required
specifications. Gearbox running-in enables the initial
wear-in of mating surfaces, identifies assembly and
installation defects, and allows for the adjustment
of assembly units and components. The running-in
mode is developed individually for each gearbox type.
The process is carried out in several stages, ranging
from no-load operation to operation under nominal
load, at various speeds and directions of rotation.

2. The developed equipment package ensures the
implementation of all required test modes, automa-
tion of both testing processes and data processing,
while also minimizing energy consumption. The test
bench equipment allows for the running-in and tes-
ting of gearboxes with various gear ratios using a sin-
gle setup: for hoist winch gearboxes, gear ratios range
from 25.43 (EKG-10) to 82.56 (EKG-32); for crowd
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winch gearboxes, gear ratios range from 60 (EKG-10)
to 90.6 (EKG-20K). Drive motor speed control range:
0 to 1000 rpm. Load torque control range at the out-
put shaft of the loading motor: 0 to 7.5 kN-m. Test
bench power supply voltage: 380 V; frequency: 50 Hz.
Three-phase supply with grounded neutral. Power
consumption: 400 kW.

3. The mutual loading method used for the run-
ning-in and testing process ensures efficient use of
electrical energy by utilizing regenerated energy.

4. The test bench incorporates power equipment
and the Pulsar-7 information and control system, both
originally developed for mining shovels equipped
with DC main drives and transistor power converters.
The system supports both manual control of indivi-
dual components and fully automated management
of the running-in and testing processes.

5. The successful deployment and operation of
the test bench at I1Z-KARTEX named after P.G. Ko-
robkov confirms its high technical performance. The
electrical equipment and software are recommended
for use in organizing transmission testing for heavy
mining machinery of various types.
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