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THE RESEARCH OF THE OPERATION MODES OF THE DIESEL LOCOMOTIVE
CHME3 ON THE IMITATION MODEL

Introduction. Fuel consumption by diesel locomotive during operation depends significantly on many factors, among which the
main is the mode of driving a train. Purpose. Research on the mathematical model of the modes of driving a train on the site of
Kharkiv-Merefa with the purpose of the main oscillograms of the operation of the locomotive on the site. Methodology. A
mathematical model of the operation of the main units of the locomotive CHMES3 in the Matlab environment was developed. The
model of the diesel engine is based on the calculated indicator diagram of its operation, which is approximated by a continuous
dependence. The control panel operates on a system of conditions, the purpose of which is to maintain the set speed. Results. In
the course of the simulation, statistical data were obtained on the fuel consumption of the diesel locomotive when it operated on a
section with a train of constant mass. Based on the data obtained, a three-dimensional surface is constructed showing the
dependence of the fuel consumption on the time of the site's exploration and the maximum speed on the site. Practical value. The
dependence obtained can be used to optimize the driving behavior of trains along a section. The apparent dependence of fuel
consumption on the driver's behavior is the basis for the further development of automatic locomotive speed control systems.
References 8, figures 6.
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Pazpadomana umumayuonnan mooenv mennoeoza YMDI3, komopas cocmoum u3 ouzens ¢ peyiimopom 4ucia 060pomos
KOJleH4amozo 6and, ms208020 2eHEPAMOPA HNOCHOAHHO20 MOKA HE3A8UCUMO20 B030YHCOEHUSI U MAZ08020 IIEKMPUUECKOZ0
npueooa. Ilposedeno mecmuposanue padomol UMuUmMayuoORHoU mooenu na npogune yuacmxka nymu Xapvkoe - Mepegha, npu
INOM OCHOBHBIMU OZPAHUUEHUAMU AGTAIOMCA 8PeMA 0BUNCEHUA, OA OAHHOZ0 NEPezOHa He 00IHCHO npesviuiams 45 mun., a
MaKsce MaKCuMaiabHas OONYCMUMas cCKOPOCMy, KOmMopas 01s 2py308ulx noe30o6 cocmaegnsem 80 km/u. Ilonyuena mpexmepnasn
NHOGEPXHOCMb, KOMOPAsi NOKA3bIGACHM 3AGUCUMOCHIL PACX00A MORIUGA JIOKOMOMUGA OM pexcuma 6e0eHus noe3oq
MAWUHUCIMOM NPU 6bINOJIHEHUU 00UHAKOGOU PAGOMbL, MO eCHb 00UHAKOB020 6PEMEHU 8UiCeHUA no nepezony. bubn. 8, puc. 6.
Kniouesvie cnosa: TennoBo3, MMUTAIIMOHHAST MOJeJIb, TH3€/]Ib, TATOBBINA JIEeKTPONPHUBOA, NPOQUIb MyTH, PACcX0] TOILIMBA,

PEKUM BEICHUA MMoe3aa.

Introduction. Efficient use of fuel and energy
resources is one of the most important tasks facing the
Ukrainian economy. The Law of Ukraine «On Energy
Saving» defines the energy efficiency of the economy as
one of the main strategic guidelines for long-term state
energy policy [1].

Railway transport is one of the largest energy
consumers in the country. Energy efficiency in modern
conditions is the most important factor in increasing the
competitiveness of Ukrainian railways in the domestic
and international transport services market. In 2010, the
Cabinet of Ministers of Ukraine approved the Transport
Strategy of Ukraine for the period up to 2020, aimed, in
particular, at optimizing energy consumption in the
unconditional performance of cargo transportation
services and energy security of the company.

The main share of expenses of fuel and energy
resources in the company accounts for traction of trains.
Today it is 82 % of the total consumption of electricity
and 90 % of diesel fuel [2]. Therefore, emphasis in energy
saving is made, first of all, on the main type of activity -
the transportation process. In this regard, the issue of
energy efficiency is very relevant for the railways and
requires further research.

Analysis of literary data and problem definition.
An overview [3] shows that CHME3 locomotives make
up 97 % of the entire fleet of shunting locomotives in the
Ukrainian railways. In addition to maneuvering at
stations, these locomotives are often used for
transportation, as well as in the suburban traffic. In the
conditions of the introduction of high-speed traffic, the
optimization of the modes of data types of trains by

sections is of particular importance. In conditions of
increasing the speed of the passage of the site we should
not forget about the cost of fuel and energy resources.

As noted in [4], the conditions of the locomotive
operation while driving the trains are characterized by a
continuous change in traction and speed, and to this also
there are sections of the paths with insufficient grip. In
this case, the power of the locomotive depends on many
circumstances, it varies depending on the speed being
implemented, the selected position of the controller of the
driver and the degree of weakening of the excitation field.
These circumstances allow us to implement very diverse
modes of control of traction rolling stock, which often
differ from those taken in the traction calculations and
specified in the regime cards.

For various modes of operation, the rational
driving conditions are essential. It does not allow to
recommend one mode of driving a train as optimal for
all practically possible traffic conditions in the area,
because even on the same site, these conditions often
change. In addition, the characteristics of electric
machines and specific locomotives, depending on their
technical state, may differ in certain respects from the
corresponding passport data.

All this creates difficulties in the development and
practical use of rational modes of driving trains.
However, experience shows that even in the presence
of regime maps and the implementation of
recommended modes of driving trains, technically
justified for some average operating conditions, actual
costs of electricity and fuel from different drivers on
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the same sites are different, deviations can be both
greater and to a lesser extent than the established norm
(up to 10 %).

Based on the above mentioned, one can conclude
that studying the modes of driving a train is very
important. Imitation modeling is the most appropriate way
of research, since it enables to obtain important statistics
with sufficient accuracy [5].

The goal and tasks of the research. The goal of the
work is to investigate various modes of driving a train by
CHMES3 diesel locomotive for their optimality in terms of
time of passage of a site and fuel consumption.

To achieve this goal we need:

e to develop an imitation model of all components of
the locomotive involved in the creation and
implementation of traction force;

e to select and simulate the section of the path on
which the research will be conducted;

e to identify train driving modes and explore each one.

Presentation of the main material. The diesel
generator set together with the electrical part of the research
object consists of the following basic structural elements:
control panel, diesel with regulator of crankshaft speed,
traction generator of direct current of the independent
excitation and traction electric drive. The block diagram of
such object of research is shown in Fig. 1.
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Fig. 1. Functional diagram of CHME3 diesel locomotive model:
CP - control panel; SCD - diesel speed regulator; D - diesel;
DCG - DC generator with exciter; TED - traction electric drive

The input parameters for the CP unit are the train
speed V; and the motor current /,, on the value of
which depend the driver’s controller position number
N, and the specified number of diesel turns n,. which is
the input value for the SCD block. Depending on n,.
and ny;,, SCD determines the required amount of fuel
kfier. On the basis of k., and loading torque M.z, DCG
receives from D the value w,. The value E, which is
the input parameter of the TED block, is calculated by
DCG depending on N, and /,. At the output of TED,
the value V), is formed.

The control panel CP of the diesel locomotive
CHMES3 has 8 positions of the voltage change on the
traction motors and two positions of the field weakening.
At each position, with the help of automatic regulators,
the steady values of the frequency of rotation of the
crankshaft of the diesel engine and of the voltage on the
terminals of the exciter are maintained [6].

The modeled control panel switches the position of
the driver’s controller depending on two coordinates,
namely: the current of engines and the speed of the train.
The operation of the unit that simulates the panel is
carried out under the following conditions:

N,=1if I, >1, v V; >V,
Ny if Ly<l, A Vi=5<V, <V, (1)
N, +1if I, <I, A V,<Vy=5

N, =

where N, is the position number of the driver’s controller,
1, is the current of the motor, 7, is the rated current of the
motor, V; is the current train’s speed, Vg is the specified
train’s speed.

To exclude the possibility of too frequent switching
of positions, analysis of the need for switching occurs at
intervals of 1 s. To exclude a large number of switches in
steady state, when the actual speed is close to the given,
there is a dead zone of 5 km/h in which there is no
switching, and the movement is carried out on the
previously selected position.

The block diagram realizing the condition (1) is
shown in Fig. 2, where PS is the position selection block.
The selected position number, also, is converted to a
given speed of the diesel engine n,,.
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Fig. 2. The block diagram of the control panel model

All diesel engines according to the nature of their
operation are very sensitive to load changes. An
increase in diesel loading causes a reduction in the
speed of the crankshaft («drawdowny), which can lead
to the stopping of the diesel engine, and a decrease in
the load is accompanied by a sharp increase in the
rotational speed of the shaft, that is, the diesel engine
can go to «spacingy [7].

In order to maintain constant rotational speed of the
shaft under variable load conditions, a special regulator is
required which automatically controls the fuel pumps.
Mounted on a diesel K6S310DR a centrifugal inverted
indirect action regulator protects it from overload
performing the functions of the power regulator. The
combined regulator can be represented as the PI regulator
of the rotation speed of the crankshaft of the diesel
engine, the input value of which is the amount of fuel that
needs to be fed into the cylinder.

As the basis of the simulation model of the diesel,
indicator diagram of its operation is used. The process
taking place in the cylinder of the piston engine can be
presented as a indicator diagram. Indicator diagram is the
extreme reflection of pressure change of gas in the
cylinder of the piston engine depending on the piston
displacement or the turn angle of the crank [8]. For the
K6S310DR diesel engine, the indicator diagram of its
operation is calculated and built. The indicator diagram is
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built as a dependence of the change in pressure P in the
engine’s cylinder on the change in volumes V' during the
piston’s displacement.

For the diesel model, the use of the diagram in the
axes P and V is rather uncomfortable, so the diagram is
transformed into a diagram in the axes F and S, where F
is the force acting on the piston, S is the displacement of
the piston. The dependence diagram of the force acting on
the piston on the displacement is shown in Fig. 3.
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Fig. 3. Operation diagram of the diesel engine K6S310DR

The locomotive has a generator that is a ten-pole DC
motor with independent excitation. The power supply of
the independent excitation winding of the generator is
carried out from the exciter - a machine of direct current
connected by a shaft with auxiliary generator.

The block that simulates the traction electric drive
includes, in addition to the traction electric motor, blocks
that simulate the train's motion in the section and braking
of a train.

The model of the resistance blocks of the train’s
movement is made according to the empirical formulas
for the locomotive and cars. The profile of the section
Kharkiv-Merefa has been used as a profile of the road.
The input parameter for the slope selection block is the
path that traveled, which is obtained by integrating the
speed of the train.

Input variables for the braking unit operation are the
given speed V, the current train speed V), and the position
number of the locomotive driver’s controller N,. To
exclude the mode at which braking occurs with operating
traction motors, the check of the current position of the
handle of the driver’s controller is performed. If the
position is non-zero, braking does not occur.

The testing of the imitation model was carried out
under the parameters given above. Here, the main
restrictions were the time of travel, which for the
Kharkiv-Merefa section should not exceed 45 minutes, as
well as the maximum permissible speed, which for freight
trains is 80 km/h. Taking this into account, it is possible
to use different intensity of acceleration of the train with
the subsequent maintenance of the average speed of the
run. Fig. 4 shows two types of train traction tachograms.

In the tachograms shown, #, is the run-time, which is
the same for two tachograms. The change in the intensity
of the train’s acceleration leads to a change in the
maximum speeds that are shown in the diagrams shown
as V1, Voo In the software package Matlab, using a m-
file, a subroutine was written in which the calculation of
the intensity of acceleration and train’s braking depending
on a given maximum speed was performed, subject to the

observance of the driving time of the run. In the study of
the operation of the train on the imitation model,
tachographs with maximum speeds in the range
of 40-80 km/h with step 10 km/h were set. Fig. 5 shows
the oscillograms of the shunting diesel locomotive
operation with 10 cars, at a maximum speed of 60 km/h.
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Fig. 4. Types of tachograms of the train acceleration:
a - triangular; b - trapezoidal
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Fig. 5. Oscillograms of the locomotive operation at a maximum
speed of 60 km/h: 1 - a tachogram is given; 2 - real speed of the
train; 3 - profile of the path; 4 - fuel consumption; 5 - position
number of the driver’s controller; 6 - voltage on the traction
motor; 7 - current of the traction motor

On the obtained oscillograms curve 3 shows the
process of set of positions, which varies with different
values of maximum speed. Each position corresponds to
the change in the voltage on the traction motors (curve 6)
and the values of current (curve 7) in them, which was
limited to 600 A. The graphs show a tendency to increase
fuel consumption with an increase in maximum speed,
which requires a more detailed study. Changing the
maximum speed of a triangular diagram in the range of
70-95 km/h with step of 5 km/h the results presented in
the form of a three-dimensional surface were obtained

(Fig. 6).
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Fig. 6. Changing the fuel consumption depending on the
maximum speed of the given diagram
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The resulting surface confirms the dependence of the
fuel consumption on the locomotive on the train driver's
mode of driving (on the time the locomotive operation at
a certain position and the intensity of the transition from
position to position) when performing the same work, that
is, the same time of movement on the run. The smallest
fuel consumption, namely 29-31 kg, takes place when the
maximum speed is set at 40-50 km/h. Therefore, there is a
need to optimize the given train tachogram and develop
an automatic control system using a speed regulator that
more accurately worked out such a tachogram.

Conclusions. An imitation model of the diesel
locomotive CHME3, consisting of a control panel, a
diesel engine with a crankshaft speed regulator, an
independent excitation DC traction generator and a
traction electric drive with sequential excitation DC
motors, has been developed. An algorithm is created that
simulates the work of the driver, that is, it switches the
positions of the controller and controls the brakes. The
modeling of the diesel engine is based on the indicator
diagram of its operation, which is approximated by
continuous dependencies. The obtained imitation model
allows obtaining important statistical data for conducting
analysis of train driving modes.

A number of operation modes investigations have
been carried out when changing the tachogram of speed.
Changing the maximum speed of a triangular diagram in
the range of 70-95 km/h with step of 5 km/h oscillograms
of the locomotive operation with a constant loading on the
real section of the road Kharkiv-Merefa are obtained.

From the oscillograms it is seen that the current
during motion of the site was lower than the nominal, and
in peak modes reached 500 A. Time of passage of the site
with a given acceleration rate and speed limit on the level
60 km/h was 2530 s.

The model includes a block that calculates fuel
consumption by diesel locomotive. Based on the data
obtained from the simulation, a three-dimensional surface
is constructed, which reflects the dependence of fuel
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consumption on the time of the passage of the site and the
maximum speed. It has been established that the smallest
fuel consumption, namely 29-31 kg, occurs when the
maximum speed is set at 40-50 km/h.

The results obtained during the study show that there
is a need to create an automatic control system using a
speed controller that more accurately worked out the
given tachogram, as well as optimization of train driving
modes.
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