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Abstract. The modernisation of the fleet of
locomotives used on Ukrainian railways for shunting
operations is essential to improve the reliability of rail
transport, reduce fuel and energy costs, and minimise
the negative impact on the environment. The aim of
this work was to investigate the energy efficiency of
an induction traction drive for a shunting locomotive,
which influences the locomotive’s traction and energy
performance. The ChME3 shunting diesel locomotive
was selected for the study, for which the energy
efficiency indicators of the traction drive with 140 kW
induction electric motors were determined through
mathematical modelling. The results of the calculations
showed that the ChME3 diesel locomotive can utilise
an induction traction drive with either four or six
electric motors. For both variants, calculations of the
tangential power were performed at various positions
of the driver’s controller, and it was determined that
both variants exhibit high energy performance. At the
same time, the six-motor traction induction electric
drive provided an increase in tangential tractive force
compared to a traction electric drive with commutator
motors. A comparison was made of the efficiency of the
traction induction electric drive and a standard electric
drive with commutator motors. It has been determined
that the efficiency of the traction induction drive is
higher across the entire load range, confirming the
feasibility of using a traction induction electric drive
on shunting locomotives. The findings of this study
can be utilised in the development of new shunting
locomotives and the modernisation of existing ones at
domestic and foreign enterprises

Keywords: energy effectiveness; energy and resource saving; induction electric motor; power; rolling stock

Introduction
Improving the efficiency of rail transport is a key priori-
ty, the achievement of which requires a comprehensive
approach and involves streamlining the organisation-
al management of the transport process, upgrading
technical transport infrastructure, advancing digital-
isation for rail logistics tasks, and so on. Rolling stock
has a direct impact on the stability of rail transport, and

therefore it is subject to strict requirements regarding
traffic safety, the need for high operational performance,
and low environmental impact, among other things.
Currently, the technical condition of most railway roll-
ing stock, particularly locomotives, is characterised as
obsolete: locomotives built 40-50 years ago have poorer
operational characteristics than modern locomotives.
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This makes it necessary to modernise the traction roll-
ing stock and requires the search for technical solutions
that will ensure high operational performance of the
traction rolling stock.

Current regulations, such as Resolution of the Cabi-
net of Ministers of Ukraine No. 1550... (2024), provide for
the modernisation of the railway rolling stock through
the use of energy-efficient equipment and technologies.
Currently, the technical characteristics of locomotives
used for shunting operations at stations of JSC “Ukrzal-
iznytsia” do not meet modern requirements for energy ef-
ficiency and low environmental impact. This is due to the
long service life of locomotives, which were created sev-
eral decades ago using equipment available at that time.
Another aspect is that locomotives were created as uni-
fied machines that can be used in different conditions. As
aresult, their characteristics do not correspond to the ac-
tual operating conditions, which leads to excessive con-
sumption of fuel and energy resources. Given the long
service life of the existing shunting locomotives, their
modernisation is essential, and energy-saving technolo-
gies will be implemented in the process. Analysis shows
that the main objective in this area is to reduce fuel and
lubricant consumption, for which modern diesel engines
or separate systems are being installed, as evidenced by
the experience of modernising diesel locomotives at
Mykolaiv Locomotive Repair Plant LLC (NTRZ, n.d.).
J. Pagenkopf et al. (2022) and G. Bakyt et al. (2025) also
point to reduced fuel consumption as the key factor in
improving the efficiency of shunting locomotives, which
determines the direction of improvements to outdated
locomotives. More promising is the modernisation of die-
sel locomotives using modern diesel-generator sets, AC-
DC electrical transmission, electric fan motors, etc. This
allows for a reduction in diesel fuel consumption, low-
er maintenance and repair costs, and so on. In Ukraine,
such work is carried out by Mykolaiv Diesel Locomotive
Repair Plant LLC (NTRZ, n.d.), Poltava Locomotive Re-
pair Plant LLC (TRZ, n.d.) and other enterprises.

However, almost all modernisation options in-
volve retaining the standard brush-type electric motors.
Yu. Syrotenko (2016), A. Falendysh et al. (2019) and D. Zai-
ka (2024) are investigating precisely such modernisation
options for shunting diesel locomotives. However, retain-
ing commutator motors significantly limits the potential
for improving the energy efficiency of the traction drive,
as in operating modes requiring increased tractive force,
the traction motors operate at higher currents. This sig-
nificantly limits the possibility of increasing the energy
efficiency of the traction electric drive, since in operat-
ing modes with increased traction force, traction electric
motors operate with increased currents. In such modes,
the efficiency of the traction electric drive is significant-
ly reduced, and the risk of thermal damage to the elec-
tric motor components also increase. It is impossible to
achieve a significant increase in traction properties while
maintaining collector electric motors. Therefore, it is ur-
gent to search and study ways to increase the traction and
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energy characteristics of shunting locomotives by improv-
ing their traction electric drive.

The purpose of the work was to study the energy effi-
ciency of a traction induction electric drive for a shunting
locomotive. The tasks of the work were to determine the
energy efficiency indicators of a traction induction elec-
tric drive and compare it with a serial traction electric
drive based on collector electric motors.

”Materials and Methods™

For the study, the authors selected the ChME3 diesel
locomotive, which is the main shunting locomotive of
JSC “Ukrzaliznytsia”, and is also used at many industri-
al enterprises for shunting and export operations. It is
well known that the use of traction induction motors
allows for an increase in the gear ratio of the traction
gearbox. This, in turn, reduces the size of the induction
motor, which has a positive effect on its layout within
the wheel-motor unit. With this in mind, the authors
have proposed a new wheel-motor unit with a traction
gearbox having a gear ratio of 5.929. (the number of gear
teeth is 83, the number of gear teeth is 14). A general view
of the developed wheel-motor unit is shown in Figure 1.
Traction induction motor — with axial rolling bearings. A
coupling is used to compensate for the misalignment be-
tween the axes of the electric motor shaft and the input
shaft of the traction gearbox.

Figure 1. 3D sketch of the wheel-motor unit
Note: 1 -traction gear-box; 2—wheel-set; 3—clutch; 4 - traction motor
Source: created by the authors

Based on the power of the serial diesel locomotive
ChMES3, which is 1350 hp (992 kW), for a six-axle diesel
locomotive it is necessary to use a traction electric motor
with a power of 140 kW. The authors performed calcula-
tions and a sketch layout of such a traction induction elec-
tric motor. The calculations for the electric motor were
carried out in accordance with the recommendations set
out in D. Tsypenkov et al. (2020). In the calculations, it
was assumed that the traction electric drive should pro-
vide a continuous traction force of 360 kN and operate
at rated power up to a speed of 60 km/h. The maximum
speed of the locomotive is 90 km/h. According to the re-
sults of the calculations, an eight-pole three-phase electric
motor with a short-circuited rotor winding was selected.
The calculated parameters of the electric motor are giv-
en in Table 1. To assess energy efficiency, the parameters
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of the traction induction electric motor were deter-
mined. The calculations were performed with a sinusoidal
power supply. The calculation did not take into account
losses due to higher-order harmonics in current and volt-
age, nor losses in semiconductor converters. For the pur-
poses of this study, the omission of these losses does not
introduce significant errors, but it does significantly sim-
plify the calculation model. Calculations of the parameters
of losses in electric motors and the parameters necessary
for their calculation were performed using the algorithm
below, based on the recommendations V. Bezruchenko et
al. (2003) and 1. Riabov ef al. (2025). The calculation algo-
rithm involved performing the following calculations:

1) Set the power frequency and phase voltage;

2) Calculate the correction factor that takes into ac-
count the saturation of the magnetic core:

Riabovetal. 61

C = \/(1 + ;‘—;)2 + (’%:)2 (n)
where X, = 2nf,L, — inductive resistance of the stator;
X =2nf,L — inductive resistance of the magnetising cir-
cuit; R, — active resistance of the stator winding in a heat-
ed state; f, - fundamental voltage harmonic frequency.

3) Calculate the equivalent active resistance of an
electric motor:

Req =Cy (RlT + ¢ R,SZT)» 2
where R',, — the active resistance of the rotor winding in
the heated state is given; s - relative slip.

To calculate energy efficiency indicators, the power
distribution by the positions of the controller of the serial
locomotive driver was used (Table 2).

Table 1. Design parameters of a traction induction electric motor

Mode of operation continued
Power, kW 140
Nominal linear voltage, V 315
Maximum linear voltage, V 460
Phase current, A 342
The largest phase current at start-up, A 450
Nominal torque, Nm 5,500
Starting torque, Nm 7,700
Nominal frequency, Hz 16.8
Maximum frequency, Hz 130
Nominal rotation speed, s-1 (rpm) 243
Maximum rotation speed (at a speed of 90 km/h), s-1 (rpm) 3,000
Rotational speed range when operating at rated power, rpm 244...2,040
Efficiency in nominal mode when powered by sinusoidal voltage, % 90.6
Power factor in nominal mode, p.u. 0.82
Multiplicity of maximum torque at a speed of 2,040 rpm, rated power and rated line voltage, p.u. 1.2
Cooling air flow rate, m3/s 0.3
Number of phases 3
The number of pairs of poles 8

Source: developed by the authors

Table 2. Characteristics of the diesel locomotive ChME3

0 - -

1 28 90
2 98 180
3 220 246
4 310 312
5 410 360
6 530 360
7 720 360
8 880 360

Source: developed by the authors based on Ukrzaliznytsia (n.d.)

4) Calculate the equivalent inductive resistance of an
electric motor:

5) Calculate the equivalent resistance of an electric

motor:
Zog = /Reqz + Xeg® @

6) Calculate the reduced rotor current:

Xeqg = C1(X; + C1X'5), 3)

where X',=2nf,L', - reduced inductive resistance of the ro-

. . cU
tor winding. I', = 12—”"', (5)
eq
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where U,,, - effective value of the first harmonic phase
voltage.
7) Calculate the active component of the stator current:

U
Lig = log + —Z”’h cosp'y, 6)
eq

where [, — active component of the no-load current; ¢',—
the angle between the vectors I, and U, ,,. At the same
time cos ¢ ', = ZEZ'

8) Calculate the active component of the no-load cur-
rent:

_ Pge +mIZR T

log = T )

where P, - losses in the stator magnetic circuit at voltage

U,,, and frequency f, (are calculated for (14)); I, - magnet-

ising current at voltage U, ,, and frequency f;; m - number
of phases of the electric motor.

9) Calculate the reactive component of the stator current:

1%
11r = IM + leh

sing’',, 8)

eq

where sing ', = ?
eq
10) Calculate the effective value of the stator phase

current according to the first harmonic:

Lipn = /IMZ + 1,2 9

11) Calculate the power factor of an electric motor:

la (10)

cos @ = Taon

12) Calculate the active power taken from the source

Py = mUypplyg. (1)
13) Compare the power value calculated by the (11),
with the power value supplied to the electric motor
Py = II)V—L;:. In this expression P, — power supplied to the
traction electric drive; N,,— number of traction motors.
Calculations according to expressions (1)-(11) are car-
ried out until the value calculated accordingto (11) does not
differ significantly (no more than 5%) from the specified
power value P,,,. To do this, change the supply frequency
f, and phase voltage U,,,. When the electric drive operates
in the first zone — with constant torque — the ratio between
the supply frequency and voltage must correspond to the
proportional law 2 = const, which approximately corre-
sponds to operation with constant flux linkage ¥ = const.
When operating in the second zone — with constant pow-
er — the supply voltage does not change (U = consf), and
changing the supply frequency leads to a weakening of
the flux linkage. After determining the operating parame-
ters of the electric motor, the losses and efficiency of the
electric motor are determined using the model below.
Stator winding losses:

Pey = m112an1T- (12)
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Rotor winding losses:
Pey = m(I'2)*R'5r. (13)
Losses in the magnetic core:
_ Py 2 fi L5
PStl - PStnom (wlnam) (flTlOTVl) ’ (14)

where P, —losses in the magnetic core (all types of mag-

netic losses) at rated voltage and frequency; 1, — flux link-

age under voltage U, , and frequency f;:
Y= s
¥, .. — Nominal flux linkage:
Vinom = atp, (16)

U, pjnom — Tated phase voltage, f, ., — nominal frequency.
Mechanical losses:
n2
Pmech = Pmechnom Nanom (17)
where P, ,....— mechanical losses at rated speed .
Rotor speed:
n, =22 (1-s), (18)

where p—number of pole pairs of an electric motor.
Additional losses (excluding losses from higher volt-
age harmonics):

2
Poga = 0.005P;0m (1 Liph ) . (19)
1phnom
Losses in an electric motor:
AP=P61+P62+Pst1+PmeCh+Padd' (20)
Efficiency of the electric motor:
AP
n=1-7-. (21)
Shaft power:
P, = P, — AP. (22)
Moment on the shaft:
_30P
M, =— e (23)
Traction power of the locomotive:
2M,
Fe = Ny D_:”gbngb, (24)

where p,, — gear ratio of the drive reduction gear; n,,— gear-
box efficiency, equal to 0.98.
Locomotive speed (in km/h):

_ 3.6mDy

y. (25)

Ugb
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Power at the wheel rim (tractive power):

_ FyV

k= 36" (26)

Thus, model (1)-(26) allowed for calculations of the
characteristics of a locomotive equipped with a traction
induction electric drive. To perform the calculations, a
script has been developed in the Matlab environment
for calculating the characteristics. I. Riabov et al. (2025)
shown that it is advisable to regulate the voltage of the
electric motor depending on its power. This leads to an in-
crease in the efficiency of the electric motor and the power
factor, which affects the efficiency of the traction convert-
er. The smallest voltage value is chosen from the condi-
tion of ensuring the stability of the induction machine at
the highest speed in the rated power mode. Based on this,
based on the Kostenko law for frequency-controlled elec-
tric motors, the following expression was obtained, which
determines the linear voltage depending on the power:

Py

Ul = U Pznom ’ (27)

1max

where U, — the highest value of line voltage at rated
power; P, — specified motor power; P,,,,, — rated power of
the electric motor.

Calculations were made for the speed range cor-

responding to operation on the hyperbolic part of the
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traction characteristic. The minimum speed is deter-
mined by the starting traction force at the given position
of the driver’s controller according to Table 2. It was worth
noting that in models (1)-(11) and (12)-(26) the losses in
the traction converter and the losses in the induction elec-
tric motors from higher harmonics of current and voltage
were not taken into account, since for their determination
it is necessary to know the algorithms of voltage modula-
tion. Considering that such losses constitute several per-
cent of the total power of the electric drive, they are not
taken into account in this study.

”Results and Discussion™

Below are the results of calculations of the characteristics
of the electric motor and the locomotive. The calculations
were carried out for the variants of the traction induction
electric drive with six and four electric motors for 1-6 driv-
er controller positions and six electric motors for 7 and 8
driver controller positions. Tractive power was chosen as
the criterion:

P, =P, (28)
where P - power supplied to the traction electric drive ata
given position of the driver’s controller; n — traction motor
efficiency.

Table 3-10 show the results of the calculations.

Table 3. Design characteristics for 1 driver controller positions (DCP) (supplied power 28 kW)

Tractive power, kW 20 23 24 24 26
4 Efficiency, % 67.2 79.4 83.2 85.6 81.6
Speed, km/h 1.2 5.0 10.0 20.0 30.0

Traction force, kN 90 25.2 12.6 6.3 4.2

Tractive power, kW 18 21 22.8 22.2 21
6 Efficiency, % 60.0 72.7 83.2 80.8 75.5
Speed, km/h 0.7 5.0 10.0 20.0 30.0

Traction force, kN 90 25.2 8.5 4.2 2.9

Source: developed by the authors

Table 4. Design characteristics for 2DCP (supplied power 98 kW)

Tractive power, kW 62 84 90 88 88 88 86 84 82
4 Efficiency, % 64.4 87.5 92.4 92.5 92.1 90.8 89.3 87.5 85.5
Speed, km/h 1.2 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 180 59.3 29.6 20.7 15.5 10.3 7.7 6.1 4.9

Tractive power, kW 63 84 87 87 87 87 84 81 78
6 Efficiency, % 67.3 87.0 91.8 91.8 91.0 89.1 86.8 83.7 81.0
Speed, km/h 1.3 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 180 59.1 29.6 19.8 14.8 9.9 7.4 5.3 4.3

Source: developed by the authors

Table 5. Design characteristics for 3DCP (supplied power 220 kW)

Tractive power, kW 168 192 204 208 208 208 204 204 200

4 Efficiency, % 75.9 87.2 93.1 93.9 94.0 93.6 93.0 92.2 91.3
Speed, km/h 2.4 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0
Traction force, kN 246.0 135.6 71.5 48.9 36.7 24.4 18.0 14.4 11.7

Transport Systems and Technologies. 2026. Vol. 29, No. 1
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Table 5. Continued

Tractive power, kW 174 192 204 210 210 204 204 204 198
Efficiency, % 79.0 86.0 92.9 93.5 93.4 92.7 91.7 90.6 89.2
Speed, km/h 2.5 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 246.0 134.5 71.5 49.3 36.7 23.9 18.0 14.4 11.6

Source: developed by the authors

Table 6. Design characteristics for 4DCP (supplied power 310 kW)

Tractive power, kW 232 272 288 292 292 292 290 288 288

4 Efficiency, % 74.9 87.3 93.0 94.1 94.3 94.1 93.7 93.2 92.5
Speed, km/h 2.6 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 310 190 100 68.5 51.5 34.0 25.7 20.3 16.9

Tractive power, kW 246 270 291 294 294 291 288 288 282

6 Efficiency, % 80.0 87.1 93.1 93.8 93.9 93.5 92.8 92.0 91.0
Speed, km/h 2.8 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 310 190 100 69.1 51.9 34.5 25.4 20.3 16.6
Source: developed by the authors

Table 7. Design characteristics for 5DCP (supplied power 410 kW)

Tractive power, kW 312 354 378 386 388 388 386 384 382

4 Efficiency, % 76.1 86.4 92.3 94.2 94.5 94.4 94.2 93.8 93.3
Speed, km/h 3.0 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 249 131.8 91.2 67.7 45.5 34.2 27.1 22.9

Tractive power, kW 330 357 381 384 384 384 381 378 375

6 Efficiency, % 80.5 87.4 93.1 93.7 93.8 94.0 93.5 92.9 92.2
Speed, km/h 3.2 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 250 133 90.5 67.7 45.0 33.8 26.6 21.8
Source: developed by the authors

Table 8. Design characteristics for 6DCP (supplied power 530 kW)

Tractive power, kW 436 452 492 500 500 506 504 504 500

4 Efficiency, % 82.3 84.3 92.5 93.6 93.8 94.8 94.6 94.4 94.0
Speed, km/h 4.3 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 319 1735 1174 882 59.5 443 34.7 29.4

Tractive power, kW 441 459 489 498 498 498 498 498 498

6 Efficiency, % 84.7 87.0 92.6 94.0 94.5 94.4 94.0 93.6 93.0
Speed, km/h 4.3 5.0 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 320 1724 116.9 87.5 58.4 43.9 34.7 28.9

Source: developed by the authors

Table 9. Design characteristics for 7DCP (supplied power 720 kW)

Tractive power, kKW 642 666 678 681 678 678 678 672

6 Efficiency, % 88.6 92.5 94.3 94.7 94.7 94.5 94.2 93.8
Speed, km/h 6.2 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 234.2 159.2 119.0 79.5 59.7 47.4 39.1

Source: developed by the authors

Table 10. Design characteristics for 8DCP (supplied power 880 kW)

Tractive power, kW 738 810 831 834 834 834 831 810

6 Efficiency, % 89.7 91.9 94.3 94.6 94.7 94.5 94.2 93.9
Speed, km/h 7.3 10.0 15.0 20.0 30.0 40.0 50.0 60.0

Traction force, kN 360 289.3 197.5 147.7 98.6 74.1 58.7 48.7

Source: developed by the authors

Transport Systems and Technologies. 2026. Vol. 29, No. 1
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Analysis of the data in Table 3-8 shows that at speeds
above 10 km/h, the efficiency of the traction electric drive
with sixand four traction induction electric motors does not
differ significantly. Athigher speeds, the four-motor electric
drive has higher efficiency. This is explained by lower mag-
netic losses in the electric motors. However, when working
with high traction forces, the six-motor electric drive has
higher efficiency. This is explained by the fact that the elec-
tric motors operate with lower current, which causes lower
electrical losses. It is worth noting that the proposed wheel-
set unit and traction induction motor provide traction
properties of the serial diesel locomotive ChME3 when us-
ing a traction electric drive with four electric motors. How-
ever, to achieve high starting traction force, it is necessary
to increase the axial load. In the case of using a six-motor
traction electric drive, the locomotive can achieve a trac-
tion force of 450...540 kN, depending on the axial load.

A common way to increase the traction and energy per-
formance of shunting locomotives is to use unit modules:
separate sections of locomotives equipped with a traction
electric drive and, as a rule, a power plan. A. Falendysh &
V. Gatchenko (2013) investigate the use of shunting locomo-
tives as a system comprising multiple traction units. This al-
lows for increased traction and reduced fuel consumption.
Similar traction units are used for heavy shunting work, on
complex profiles, and hilly work. Serial locomotives are used
for medium and light shunting work. This approach involves
increasing the locomotive fleet, which requires significant
capital expenditures. However, as demonstrated by C. Bu-
lucea et al. (2016), such traction units exhibit low electric
drive efficiency under partial load conditions. To eliminate
this, it is proposed and justified the feasibility of disconnect-
ing traction electric motors when operating in partial load
modes. However, it is worth noting that the use of traction
commutator electric motors limits the possibilities for im-
proving traction and energy indicators. Commutator electric
motors have insufficiently high specific torque indicators,
and the presence of a commutator-brush apparatus reduc-
es reliability. In addition, for high-quality control of traction
electric motors, it is necessary to use semiconductor con-
verters, as a result of which capital costs for modernisation
increase. Therefore, to ensure high traction performance
and energy efficiency, it is necessary to use an electric drive
system based on AC motors. This conclusion is supported by
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studies S. de Pancorbo et al. (2015), C. Bulucea et al. (2016),
Y. Cho et al. (2021). Studies by A. Abouzeid et al. (2020)
and S. Semenov et al. (2025) show that the use of AC elec-
tric motors enables effective control, achieving maximum
torque under specified conditions of wheel-rail adhesion.

A. Abouzeid et al. (2020) and W. Jibin et al. (2022) note
that, the most common type of traction motor used in
modern rolling stock, particularly in new shunting loco-
motives, is the induction motor This is due to their high
specific indicators, which allows to achieve a traction
force of one axle of 70...80 kN. Also important is the re-
duction of maintenance and high reliability of traction
induction electric motors. In addition, traction induction
electric motors have higher energy efficiency indicators
compared to collector electric motors. N. Zhao & N. Schof-
ield (2016) demonstrated that optimal performance of the
wheel-motor unit can be achieved through the co-design
of its main components — the traction gearbox and the
traction induction motor. Ensuring high energy perfor-
mance of the traction electric drive is achieved not only
by its optimal design, but also by using rational control al-
gorithms. S. Wang et al. (2019) proved that the use of vec-
tor control algorithms in an induction motor increases its
energy efficiency and improves its dynamic performance,
which is important when applying traction forces at the
slip threshold. Despite the large number of rolling stock
units equipped with induction traction motors, specific
studies are required to assess the feasibility of their use
under the specific operating conditions of a locomotive.
This explains the relevance of this study.

In order to compare the energy efficiency of the pro-
posed induction traction electric drive with that of the
standard electric drive of the ChME3 diesel locomotive, cal-
culations were carried out for the standard electric drive of
the ChMES3 diesel locomotive. Both six-motor and four-mo-
tor electric drives were considered. The results of studies ob-
tained inV. Shayda et al. (2024), Y. Lysenko &Y. Riabov (2025)
were used to calculate the data for the standard electric drive.
As a criterion for comparison, the tangential power at a fixed
power supplied to the traction electric drive was chosen.
Figures 2-9 show the dependence of the tractive power on
the speed of movement for all positions of the driver’s con-
troller for both variants of the electric drive. The data on the
traction induction electric drive correspond to Tables 4-10.

30 1DCP
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=) 5 10 15 20 25 30

Speed, km/h

Figure 2. Dependence of tractive power on speed at IDCP
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC - traction electric drive with four direct current electric

motors TE006
Source: developed by the authors
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Figure 3. Dependence of tractive power on speed at the second position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM - traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors
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Figure 4. Dependence of tractive power on speed at the third position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors

(=
(=]

6IM
e 4IM
6DC
4DC

Tractive power, kW
— = DN DN W
g o o w;
S O O O O

OO

10 20 40 50 60

30
Speed, km/h

Figure 5. Dependence of tractive power on speed at the fourth position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors
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Figure 6. Dependence of tractive power on speed at the fifth position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC - traction electric drive with four direct current electric

motors TE006
Source: developed by the authors
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Figure 7. Dependence of tractive power on speed at the sixth position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM - traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors
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Figure 8. Dependence of tractive power on speed at the seventh position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors
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Figure 9. Dependence of tractive power on speed at the eighth position of the driver’s controller
Note: 6IM - traction electric drive with six induction electric motors; 4IM — traction electric drive with four induction electric motors;
6DC - serial electric drive with six direct current electric motors TE006; 4DC — traction electric drive with four direct current electric
motors TE006
Source: developed by the authors

Analysis of the dependencies shown in Figures 2-9
shows that the traction induction drive provides high-
er values of tractive traction force at all positions of the
driver’s controller. A certain exception is the first posi-
tion, where the six-motor induction electric drive at low
speeds has slightly lower performance than the serial
traction collector electric drive. At higher positions of
the driver’s controller, consistently higher values of tan-
gential power are observed in the case of using induc-
tion electric motors. In the zone of high traction forces,
the increase in tractive force reaches 25% at higher posi-
tions of the driver’s controller. With increasing speed, the

magnitude of tractive force when using induction elec-
tric motors is higher by 5-10%. In summary, the results
obtained indicate that the use of induction electric trac-
tion drives in shunting and transport locomotives will
improve their traction and energy efficiency character-
istics. According to studies S. Buryakovskiy et al. (2019),
S. Buryakovskiy et al. (2020), S. Goolak et al. (2024) this
has a positive impact on the parameters and indicators
characterising the operation of shunting locomotives,
increases the intensity of auxiliary operations at railway
stations, and contributes to the stability of the railway
transport system as a whole.
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”Conclusions™
Updating the rolling stock used for shunting operations
is a pressing task that involves choosing technical solu-
tions to ensure high traction and energy characteristics
and performance of locomotives. The article consid-
ers the use of a traction induction electric drive based
on induction electric motors. The use of a three-phase
eight-pole induction electric motor with a squirrel-cage
winding with a capacity of 140 kW and a wheel-motor
unit using this electric motor are proposed. A mathemat-
ical model has been developed and calculations of the
characteristics of the traction electric drive with the pro-
posed electric motor have been carried out. Variants of a
six- and four-motor electric drive have been considered.
According to the results of the calculations, it has been
determined that the energy indicators of both variants
of the electric drive are practically the same. It has been
determined that a four-motor induction electric drive
provides the traction characteristics of a serial six-ax-
le shunting locomotive. A six-motor traction induction
electric drive is recommended for a significant increase
in traction performance.

A comparison of the traction and energy indicators
of the induction electric drive and the serial electric drive
of the ChME3 diesel locomotive equipped with collec-

> o B8

@

the zone of high traction efforts, the tangential traction
force of the induction electric drive is higher by 25% and
more percent than the traction force of the collector at
the same supplied power. With increasing speed, the
magnitude of the tractive traction force when using in-
duction electric motors is higher by 5-10% than the trac-
tion force of the collector at the same supplied power.
The obtained results confirm that the use of a traction
induction electric drive substantially improves the trac-
tion and energy characteristics of shunting locomotives.
This advancement positively impacts the performance of
shunting and removal operations. At the same time, the
study highlights important directions for future research,
including full-scale experimental verification, develop-
ment of advanced vector control systems, and detailed
evaluation of the economic efficiency and reliability of
induction-based modernisation projects.
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AHoTauif. MonepHisariis mapKy JJOKOMOTHBIB, Ki BUKOPUCTOBYIOTHCS Ha 3aJIi3HULAX YKpalHU A/ BUKOHAHHSA
MaHEeBpPOBOi poOOTH, € BKpail BasKIMBOIO IS MiJBUINEHHA HAiHOCTI 3aJ/li3HUYHOTO TPAHCIIOPTY, 3HM)KEHHS
MaJUBHO-eHEPTeTUYHHUX BUTPAT i MiHiMi3aIlil HEeraTUBHOTO BIIMBY Ha HABKOJIMIITHE cepeoBuIle. MeTolo i€l pobotn
6yJ10 JOCTiP)KeHHS eHepreTUYHOI e()eKTUBHOCTI aCHHXPOHHOI'O TATOBOrO IIPUBOJAa MAaHEBPOBOT'0 JIOKOMOTHUBA, AKa
BIUIMBAE HA MOTO TATOBi Ta eHepreTU4Hi MOKa3HUKU. O0'€KTOM JOCTiIKeHHs 6y710 00paHO MaHEBPOBUH TEIJIOBO3
YUMES3, AJ151 IKOTO 32 JOITOMOT'0I0 MAaTEMaTUIHOT'O MOJI€/TIOBAHHSI BU3HAUYE€HO TOKA3HNUKY EHepreTHIHO1 e(heKTUBHOCTI
TATOBOT'O IIPUBOJA 3 ACHHXPOHHUMU €JIEKTPOJBUTYHAMU IOTY KHICTIO 140 KBT. Pesysibsraru po3paxyHKiB II0Ka3aJy,
mo Ha TemsoBo3i UME3 moske OyTH 3aCTOCOBAaHMH AaCHMHXPOHHMH TATOBMU IpUBOA i3 doTrhpma abo mricTeMma
eJIeKTpogBUTryHaMu. [Iji1 000X BapiaHTiB BHKOHAHO PO3PAXyHKH AOTUYHOI IOTYKHOCTI Ha DPI3HHUX IO3UILIAX
KOHTpoOJIepa MalINHiCTa Ta BCTAHOBJIEHO, 1110 00UBa BapiaHTH JIeMOHCTPYIOTh BUCOKi eHepreTUYHi MOKa3HUKU.
BopHOYAC IIECTUMOTOPHUM TATOBUI aCHHXPOHHUM eJIeKTPONPUBO] 3a0e3eunB 30i/IbIIIeHHs JOTUYHOI CUJIN TATU
MOPIiBHAHO 3 TATOBUM €JIEKTPOIIPHUBOJOM i3 KOJEKTOPHUMM ABUTyHaMu. IIpoBemeHO NMOpiBHAHHA KoedillieHTa
kopucHoOIi aii (KK]I) TATOBOTO aCUHXPOHHOIO €JIeKTPOIIPUBO/ia Ta CTAHIAPTHOTO eJIEKTPOIIPHUBO/A 3 KOJIEKTOPHUMU
nBuryHamu. Busnaueno, mo KK/] TAroBoro acHHXpOHHOTO IPUBOJiA € BUIIIMM Y BCbOMY Jiialla30Hi HaBaHTaKeHb, 1110
MiATBepsKy€e AOLiNbHICTS BUKOPUCTAHHSA TATOBOI0 ACHHXPOHHOIO €JIEKTPOIIPUBO/Ia HA MAHEBPOBUX JIOKOMOTUBAX.
Pe3y/sTaTi LBOTO AOCJIIYKEHHS MOKYTh OyTH BUKOPHUCTaHI pU po3poOIli HOBUX MaHEBPOBUX JIOKOMOTHUBIB Ta
MojiepHi3arii icHylounx Ha BiTUM3HAHUX i 3apyOiKHUX MifpreMcTBaxX
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