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DETERMINATION OF VOLTAGE AT
THE RECTIFIER INSTALLATION OF
THE ELECTRIC LOCOMOTIVE VL-80K
FOR EACH POSITION OF THE
CONTROLLER DRIVER'S

The object of research is the electrical processes in the control system of the traction drive of the electric locomo-
tive VL-80K (Russia). To improve the accuracy of its mathematical model, it is necessary to use the values of the
parameters determined during experimental studies of the traction drive control system. In particular, it is important
to use in the traction drive model the value of the voltages on the arms of the rectifier installation of the electric
locomotive, taking into account the position of the driver’s controller. The complexity of the simulation lies in the
Jact that the reference does not provide the value of the voltage on the arms of the rectifier for each position of
the driver’s controller, which makes it difficult to verify the resulting model. A scheme for measuring the voltage
value on the arms of the rectifier installation of an electric locomotive for each position of the position of the
driver’s controller is proposed. On its basis, a simulation model is developed in the MATLAB software environment.
The simulation model implements an algorithm for closing the contactors of the electric group contactor for each
position of the position of the driver’s controller. Approbation of the voltage measurement technique was carried
out on an electric locomotive of the VL-80K series during a trip on the Darnytsia — Myronivka section (Ukraine).
Comparison of the voltage values on the arms of the rectifier installation, obtained experimentally, with the pass-
port data showed that the measurement errvor was 0.5 %. In addition, the experimental results showed that the
voltages on the arms of the rectifier for paired positions of the position of the driver’s controller are the same,
Jfor odd ones they are different. Therefore, when simulating the operation of the traction drive control system, the
voltage values on different arms of the rectifier installation were taken separately. Comparison of the simulation
results for the nominal mode with passport data showed that for this mode the measurement error was 3.78 %.
For all others, it did not exceed 5 % .
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1. Introduction

The study of dynamic processes in the traction drive
of electric locomotives requires the construction of an
adequate drive model, through which it would be pos-
sible to determine certain characteristics of the drive
with a high degree of certainty [1]. The traction drive
system for electric locomotives of the VL-80T (Russia),
VL-80K (Russia), ChS-4 (Czech Republic), ChS-8 (Czech
Republic) series consists of pulsating current traction mo-
tors, a traction transformer, a group electrical contactor,
a rectifier installation and a mechanical parts.

When modeling such a traction drive, a number of dif-
ficulties arise. These difficulties can be seen from the analysis
of the work [2], in which a model of the traction drive of

the VL-80K electric locomotive is proposed. In developing
the model, the following conjectures were proposed:

— armature winding inductance is a constant value;

— magnetic losses in the engine steel are not taken

into account;

— losses from the action of eddy currents are not taken

into account;

— mechanical part of the drive is not connected,

— model works on one fixed position of the train.

Studies [3-5] show that the excitation winding in-
ductance is a function of the excitation current, and the
armature winding inductance is a function of the armature
current. Moreover, these dependencies are non-linear. Not
taking into account these dependencies is incorrect and
will lead to an error in determining the parameters in the
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simulation. Despite the obviously correct approach to taking
into account the non-linear nature of the configuration
of the values of the indicated inductances when the cor-
responding currents change, magnetic losses in the motor
steel were not taken into account in [4, 5].

Approaches to taking into account magnetic losses in the
steel of a traction motor can be found in studies [6—8]. So,
in the study [7], a method for determining magnetic losses in
the steel of a traction motor was proposed and it was shown
that magnetic losses became functions of the motor shaft speed.

The implementation of the traction motor model, taking
into account the nonlinear nature of the change in the values
of the inductance of the armature and excitation windings
from changes in the corresponding currents and taking into
account magnetic losses in the motor steel, is given in the
study [9]. But even in this study, losses in the traction motor
from the action of eddy currents are not taken into account.

Accounting for the effect of eddy currents when mo-
deling a pulsating current traction motor can be found
in [10-12], but these works do not take into account
magnetic losses in the steel of the traction motor.

In [2], the mechanical part of the traction drive is not
connected. This factor is not important for solving the
problems posed in [2]. But when it is necessary to take
into account the electromechanical processes in the trac-
tion drive, the influence of the track profile, the result of
the interaction of the wheel with the rack, the mechanical
part should be present in the mathematical model [13—-15].

An integral part of the traction drive is the control system.
In a number of AC electric locomotives, the so-called step or
contactor-rheostat system is used as a control system. Such
control systems are used on electric locomotives of the VL-80T,
VL-80K, ChS-4, ChS-8 series. In electric locomotives of the
VL-80K series, the traction transformer is structurally a trans-
former consisting of a primary and two secondary traction
windings. Each traction winding consists of an unregulated and
an adjustable part. The non-adjustable part has four sections.
The regulated sections are connected to the rectifier instal-
lation by closing the corresponding contactors of the group
electrical contactor (GEC). The rectifier installation of the
electric locomotive has two sections. Two traction motors are
connected to each section [16]. The signal to connect one
or another section of the secondary winding of the traction
transformer enters the GEC from the driver’s controller. In
the GEC, depending on the position of the driver’s controller,

Pantograph

A Traction transformer

the corresponding GEC contactors are closed according to
a fixed algorithm. The question arises of the task on the
model of the traction drive of the electric locomotive of
the indicated series of the intensity of the change in speed.

On electric locomotives with asynchronous traction mo-
tors, control systems with direct torque control [17] and
vector control [18, 19] are used. In the starting mode, the
intensity of the speed change is set taking into account the
conditions of the traction problem [20—22]. In the braking
mode, the intensity of the speed change is set taking into
account the conditions of the braking problem [23-25].
In both cases, the intensity of the speed change is set as
a separate program block. To study the electromechani-
cal processes in the traction drive of the VL-80K electric
locomotive in various operating modes of the electric lo-
comotive, it is necessary to develop a control system with
a program generator of the speed change intensity.

Thus, determining the voltages at the rectifier installation
of the VL-80K electric locomotive for each position of the
driver’s controller is an urgent task. The object of research
is the electrical processes in the control system of the trac-
tion drive of the electric locomotive VL-80K. The aim of
research is to determine the inductances of the pulsating
current traction motor as a function of the armature current.

2. Research methodology

The research is based, on the one hand, on measuring
the voltages on the arms of the rectifier for each position
of the driver’s controller (Fig. 1), and on the other hand,
on the result of modeling the control system of the traction
drive of an electric locomotive. The simulation model of
the control system is based on the circuit diagram (Fig. 1)
and the GEC contactor switching algorithm (Table 1) [26]
in the MATLAB software environment (Fig. 2).

The model consists of a traction transformer «Traction
transformer», GEC «Group electrical contactor», a voltage
source «Uc», a block that sets the position of the driver’s
controller «p», voltmeters and an oscilloscope. The model is
implemented in the Simulink application of the MATLAB soft-
ware environment. The traction transformer and the power part
of the GEC are implemented using elements of the Simscape
library of the Specialized Power System section. The traction
transformer is organized using the Multi-Winding Trans-
former element. Its characteristics are given in the study [2].
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Fig. 1. Simplified diagram of the control circuits for the traction drive of the VL-80K electric locomotive:

A-X — primary winding of the traction transformer; a1-x1 — uncontrolled part of the secondary winding of the first section of the traction transformer;
x1-01 — controlled part of the secondary winding of the first section of the traction transformer; a2—x2 — uncontrolled part of the secondary winding
of the second section of the traction transformer; x2—-02 — controlled part of the secondary winding of the second section of the traction transformer;

K1-KA40 - contactors without arc extinguishing; A, B, £, I — arc-extinguishing contactors
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The GEC power part contactors are implemented on
Breaker elements. The algorithm for closing contactors
according to the position of the driver’s controller is im-
plemented as a MATLAB Function. The inputs of the
MATLAB Function block receive the position signal of
the driver’s controller «p». At the outputs of this block
for a given position of the driver’s controller there will
be a logical unit for contactors, which, in accordance with

Table 1 must be locked in this position. The rest of the
outputs will be a logical zero. The voltage of the contact
network on the simulation model is shown as a voltage
source Uc with a frequency of 50 Hz and an amplitude
of 25 kV. Voltmeters are designed to convert Speciali-
zed Power System signals to Simulink signals. Voltage
oscillograms on the arms of the rectifier are displayed
on the oscilloscope.

Tahle 1
Circuit diagram of contactors EKG-8Zh (Russia)
Positions
Contactor
0|1(2|3[4(5|6(7(8|9(10(11|12(13[14|15|16(17(18|19|20(21|22|23|24(25|26|27(28|29|30|31|32|33

1 o(t{1|y1jof0|0|0|OjO|jO|O|O|O|0O|O|O

oft1(1/0(0(0(0|0|0|0|0O|O|O|O|O|O]|O

22 o(of1|t1y1(1|0(0|0j0|jO0O|O0O|O0|O0|O0|O|O

12 ojo|o|joy1|1|t1|1(ojo0|0|0f(0|0|0|0O]|O

23 ojojojojof0|1f1|1j1jojojojo|0|0|0

13 o|jo|o|jo|jo0|0|0|Of1|1|1|1|(0(0|0|0O|O

24 ojojo|jojofo|o0|0|OjO)1|1|1|1|0|0|O

14 ojojo|jojofo|o0|0|OjO|jO|O|1|1|1]|1]O

20 g|jo|o|jo|jojo|o0|jofOj0|jO|Of{O|O|1]1]|1

10 ojojojojo|o|0|0|OjO|O|O0|O0|O0|O|Of1

15 ojt1|1|1(1|0|0|0f0|0O|0O|O|O|O|0O|0O]|O

26 ojojo|t1j1f1|1|0|0|0|j0|jO0O|O0O|O0|O0|O|O

16 g|jo|ojoy0f1|1|1f1j0|0|0f(0|0|0|0O|O

27 ojo|o|joyjoj0|0|1f1(1|1|0f(0|0|0|0O|O

17 ojojo|jojofo|o|0|0Oj1|1|1|1|0|0|0|O

28 o|jo|o|jo|jo0|0|0|OfO|0O|O|1|1|1|1|0]|0O

18 gojojojojo|o|ofojojojojo|oj1|1|1}f1

40 g|jo|o|joc|jo0|0|0|OfO|0O|OjOf(O|O|O]1]|1

30 i1|o(0(0|0|O|O|O|0O|O|O|O|O|O|OfO]|O

21 ojojo|jojof0|0|O|OjO|O|O|O|O|O|O|O

25 o|jo|o|j0|j0|0|0|OfO|O|O|O|O|O|O|O]|O

9 o|jojo|jojof0|0|O|OjO|O|O|O|O|O|O|O

18 g|jo|o|jo|j0|0|0|Of(O|O|O|O|O|O|O|O]|O

32 Tttt f1jrj1yp1)1j1(1{111]1

33 T O O O O O O A

29 o|jo|o|jo|j0|0|0|OfO|O|O|O|O|O|O|0O]|O

39 ojojo|jojofo0|0|0|OjO|O|O|O|O|O|O|O

36 ojtr|1)1|1{1|1j1f1rj1j1{1f{11|11]1})1

37 o111t {1|1|1f1{1j1{1f{1(1|11]1})1

31 ojojo|jojof0|0|O|OjO|O|O|O|O|O|O|O

35 o|jo|0o|j0|0|0|0|OfO|O|O|O|O|O|O|O]|O
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Fig. 2. Simulation model of the control system for the traction drive of the electric locomative VL-80K

3. Research results and discussion

The experimental data were taken on the VL-80K elec-
tric locomotive No. 599 of section A on the Darnytsia-
Myronivka section (Ukraine) on September 25, 2021. The
measurement results are listed in Table 2.

In the simulation model, voltages were removed by
changing the position of the controller to the driver from
1 to 33. Fig. 3 and Fig. 4 show the voltage waveforms
on the arms of the rectifier for the even and odd posi-
tions (19th and 20th positions). It can be seen from them
that for an even position, the voltages on the arms of
the rectifier are the same, for an odd position they are
different. Therefore, in Table 2, both for the experimental
data and for the data obtained as a result of simulation,
the voltage values for both arms of the rectifier instal-
lation are entered.

For each position, the error in determining the volt-
age on the arms of the rectifier installation is calculated
using the formula:

Umod _Uex 100 %
Umod . ”

where U,,,q — voltage value on the arms of the rectifier instal-
lation, obtained as a result of simulation; U,, — experimental
value of the voltage on the arms of the rectifier installation.
The calculation results are listed in Table 2.
As can be seen from Table 2, the errors in determining
the voltage on the arms of the rectifier installation do not
exceed 5 %. In addition, the 28th position of the position

of the driver’s controller corresponds to the nominal mode
of operation of the traction drive of the electric locomo-
tive. Rated voltage value for electric locomotives of this
series iS Uyum=950 V [26]. The error in determining the
voltage of this position during the experiment was 0.5 %,
and during the simulation — 3.79 %.

In other words, the developed model of the control
system for the traction drive of the VL-80K electric loco-
motive makes it possible to obtain voltages on the arms of
the rectifier installation with a high degree of reliability
and is applicable when modeling the traction drive of an
electric locomotive of this series.

When simulating a traction drive, the intensity genera-
tor can be organized programmatically using the MATLAB
Function instead of manually setting the «p» positions,
as shown in the model (Fig. 2).

During the study, two assumptions were put forward
that limit the application of the developed model.

The first assumption is that during the experimental
measurements, the instantaneous values of the voltage on
the arms of the rectifier installation were converted into
amplitude values. When modeling, operations were performed
with amplitude values of voltages. This approach is related
to the fact that in the reference book the corresponding
voltage values are given in amplitude values. When using
the proposed control system model to implement the trac-
tion drive model as a whole, one should operate with in-
stantaneous voltage values.

The second assumption is that the implementation
of the ECG operation algorithm when modeling at posi-
tions 31-33 did not take into account the weakening of

;28
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the excitation magnetic field. This factor is related to the
fact that it is more convenient to implement the algo-
rithm for weakening the excitation magnetic field when
simulating a traction motor.

The further development of this study can be the task
of operating modes of the electric locomotive. This can
be achieved by replacing the model of the manual po-

INDUSTRIAL AND TECHNOLOGY SYSTEMS:

ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

sition setting block «p» with a speed intensity setting
block, where the change in positions will be set by the
corresponding time function. Thus, it will be possible to
set the starting mode, traction mode, braking. The condi-
tion for setting the intensity of speed change may be the
implementation of the corresponding traction and braking
characteristics.

Table 2
The value of the voltage at the output of the EKG-8Zh
Position No. of the U100, V o Ueo-on, V o
driver's controller Model Experiment L Maodel Experiment v
1 4148 395 4.8 819.6 780 4.83
2 47.94 45 6.13 47.94 45 6.13
3 120.4 115 4.49 47.94 45 6.13
4 120.4 115 4.49 120.4 115 4.48
5 192.8 185 4.05 120.4 115 4.48
] 192.8 185 4.05 192.8 185 4.05
7 266.1 255 4.17 192.8 185 4.05
8 266.1 255 4.17 266.1 255 4.17
9 337.5 325 3.7 266.1 255 4.17
10 337.5 325 3.7 337.5 325 3.7
11 409.8 395 3.61 337.5 325 3.7
12 409.8 395 3.61 409.8 395 3.61
13 482.3 465 3.59 409.8 395 3.61
14 482.3 465 3.59 482.3 465 3.58
15 555.1 535 3.62 482.3 465 3.59
16 555.1 535 3.62 555.1 535 3.62
17 626.2 605 3.39 555.1 535 3.62
18 626.2 605 3.39 626.2 605 3.39
19 697.6 675 3.24 626.2 605 3.39
20 697.6 675 3.24 697.6 675 3.24
21 772.1 745 3.51 697.6 675 3.24
22 772.1 745 3.51 772.1 745 3.51
23 841.5 815 3.15 772.1 745 3.51
24 841.5 815 3.15 841.5 815 3.15
25 916.8 885 3.47 841.5 815 3.15
26 916.8 885 3.47 916.8 885 3.47
27 986 955 3.14 916.8 885 3.47
28 986 955 3.14 986 955 3.14
29 1062 1025 3.48 986 955 3.14
30 1062 1025 3.48 1062 1025 3.48
31 1130 1095 3.1 1062 1025 3.48
32 1130 1095 3.15 1130 1085 3.1
33 1202 1165 3.08 1130 1095 3.1
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Fig. 3. Oscillograms of voltages on the arms of the rectifier installation
for the 19th position of the driver’s controller
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Fig. 4. Oscillograms of voltages on the arms of the rectifier installation
for the 20th position of the driver’s controller

4. Conclusions

A scheme for measuring on the arms of the rectifier
installation of an electric locomotive of the VL-80K series
is proposed.

Based on the proposed measurement scheme in the
MATLAB software environment, a simulation model of
the traction drive control system for an electric locomo-
tive of the VL-80K series was developed.

On the basis of the proposed measurement scheme, the
values of voltages on the arms of the rectifier installation
of the VL-80K electric locomotive were obtained experi-
mentally and as a result of modeling the technique. The
results of the voltage values on the arms of the rectifier
installation obtained experimentally and as a result of
modeling for the nominal mode are compared. Compari-
son of the results showed that the error in determining
the voltages as a result of the experiment was 0.5 %, as
a result of modeling — 3.79 %. Voltage determination er-
rors for all other modes did not exceed 5 %.
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