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Abstract. The article presents the results of a study of the pulsations of the output current of
a source intended to power DC traction motors, which ensures the rotation of the moving parts of
wheel-motor units of electric locomotives and electric trains, with a frequency regulated for the
position of in-place diagnostics of bearings. The experiments were performed in the
MatLab/Simulink simulation environment. Graphic methods are used to determine the current
pulsation coefficient of traction motors of electric rolling stock. Energy indicators were determined
in tabular and analytical forms, as well as converter control parameters that ensure the standard
value of the power factor. Based on the assessment, a circuit design for the source was proposed,
including a three-phase uncontrolled bridge rectifier and a pulse converter.
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Introduction
To ensure the normal functioning of traction electric motors, their current pulsation level
should not exceed a certain level.
The level of current pulsations of traction electric motors is judged by the coefficient of
pulsation (unevenness) of the K, [1-8]:
_ I'nax — Iinin
P Imax + Imin
The essence of the ripple coefficient is explained in Figure 1.
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Figure 1. The instantaneous value of the load current in as a function of time t.
l4 is the constant component of the load current;
Imax 1S the maximum current value for the load;
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Imin is the minimum value of the load current.
Methodology
As arule, the acceptable value of the ripple coefficient is selected

The estimation of the load current ripple value allows us to formulate the requirements for
the output filter of the rectifier.

To solve this problem, a mathematical model was developed in the Matlab/Simulink
environment, which is described below.

A model has been developed in MATLAB with the Simulink package for a three-phase
bridge transformer rectifier (Fig. 2). In it, the rotation frequency of the specified alpha traction
motor is investigated [9].

The results of the study

The three—phase bridge rectification circuit on the Simulink package consists of a three-
phase 380/220 V, 50 Hz depot power supply, a three-phase rectifier with a step-down transformer
and its control system, an L-shaped filter, and a load (see Fig. 2) [12, 13].

The model determines the ripple coefficient with and without a filter of a three-phase rectifier
at different speeds of the TED armature. The data obtained are summarized in Table 3 [10, 11].

We select inductors L type SOC-63/0.5U4 for rated rectifier current (Table 1), capacitor C
type K50-90 for rated voltage (Table 2) [14, 15].

Table 1 — Technical parameters of inductance L

Rated rectified | Rated inductance, | Dimensions, mm Gross
current, In, A Gn H L B weight, kg
100 0.016 590 510 270 140

Table 2 — Technical parameters of capacitor C

Overall size (diameter i
Un, V C, mcF x height), mm Weight, kg
250 680 50 x 45 0,12

The three-phase controlled rectifier model has an output filter connected to a step-down
transformer. This is a branch modeled using the RLC series block (Fig. 5).

The RLC Branch series is a block module that performs active and inductive maintenance.
Paired, it simulates an L—shaped, inductive L and a consator with;

In Fig. 3 a DC machine is specified.

Table 3 — Results of calculations of the ripple coefficient with and without a filter for the
transformer power supply model

a, degree | Imin Imax Kn Imin I max Kn

10 41,25 | 41,68 0,0052 41,46 41,47 0,0052
20 40,43 | 41,25 0,0100 40,93 40,95 0,0100
30 39,32 | 40,44 0,0140 40,02 40,05 0,0140
40 37,88 | 39,24 0,0176 38,72 38,75 0,0176
50 35,9 37,58 0,0229 36,97 37,01 0,0229
60 33,48 | 35,36 0,0273 34,69 34,73 0,0273
70 30,37 | 32,42 0,0326 31,69 31,74 0,0326
80 26,15 | 28,32 0,0398 27,57 27,62 0,0398
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Figure 2. Three-phase network model for connecting to a Simulink computer

Permanent — this unit simulates a permanent installation, which is a means of transport
management.;

A DC machine is a DC motor unit, complete with monitoring equipment.

We are now pursuing to study the methodology of parameters of a DC motor (DC machine)
with sequential excitation. The program for converting DC machines in the MatLab environment,
shown in Figure 3, is used as a library program for the Simulink/SimPower system/Block
Library/Cars [10].

OC Machime

Fig. 3. Pictogram of the DPT image in the Simulink environment
Block Pararmeters: Series RLC Branch *
Series RLC Branch (mask) (link)

Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the
branch.

Parameters

----- Branch type: |L -

%-::-r a5 RLC Bran 1J Inductance {H}:

0.087e-3

Series RLC Branch3)

T [] set the initial inductor current

Measurements None b

--------------------- - Cancel Help Apply
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Block Parameters: Series RLC Branchd >
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Implements a series branch of RLC elements.
Use the 'Branch type' parameter to add or remove elements from the
branch.

Parameters
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Capacitance (F):
0.005312899

[] Set the initial capacitor voltage

Measurements MNone -

Figure 5. The filter and its parameters window in the Simulink environment

The ports of the model A+ and A are the terminals of the armature winding of the machine,
and the ports F+ and F are the terminals of the excitation winding. The TL port is designed to
provide a moment of resistance to movement. A vector signal consisting of four elements is
generated at the output port m: speed, armature current, excitation current and electromagnetic
moment of the machine.

The three-phase controlled rectifier model has an output filter connected to a step-down
transformer. This is formulated using the Series RLC Branch block (Fig. 5).

The Series RLC Branch block simulates active and inductive resistance. There are two filters
in the circuit, it simulates an L—shaped filter, an inductive L and a capacitor with.
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Figure 6. Determination of the minimum and maximum load current values without a filter (a)
and with a filter (b) of a three-phase rectifier in a Simulink oscilloscope
Itis proved that the simulation results of current pulsation do not exceed the standard values.
Conclusions
1. Mathematical models of power supply and load elements have been developed to analyze
electromagnetic processes.
2. The levels of current pulsation in the elements of the power source have been determined,
which makes it possible to formulate requirements for smoothing devices.
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