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Abstract. The parameters of thermal processes occurring indirectly in a power sliding contact can serve
as an identifier of its state, and can also be used to iectbasenergy efficiency of current collection
systems and their resource. A generalized thermal indicator of the operation of the power sliding contact is
proposed, which is able to relate the power loss in the contact, its temperature and the weérthalue o
contact elements.
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Factors affecting the capacity of high-speed mainlines at
different speeds for passenger and freight trains

Andrii PozdniakoV, Viktor Myronenkd, andOlga Pozdniakova

IState University of Infrastructure and Technology (SUIT), Faculty of management by railway transport, 03115 Kyiv, Ukraine

Abstract. Increasing the share of natateowned carriers in the railway sector and the emergence of
railway highspeed mainlines (HSM) and infrastructure operator/managgeatly alter the structure of

the transport market. That is why the challenge is to assess the availability and planning of the capacity of
the future HSM lines. In order to solt@s problem, the purpose of this study is to develop a mathematical
model for the rational distribution of the HSM capacity between freight and passenger traffic on the
criteria of maximum profitability with reasonable parameters of axle load and sgezdddel takes into

account four constraints. To get the necessary data, an analysis of the technical parameters of axle loads
was carried out on the example of higiheed passenger trains with serial production from 2010 to 2017
from 8 countries to subsitate the axle loads of future higipeed container flatars. According to the

results of calculating the dependence of the average train speed versus the maximum speed with the train
acceleration / deceleration time of more than 3 minutes and theadidiatween stations less than 15 km,

it was proved that with increasing the maximum speed, the average speed of trains does not increase, but
decreases. These results are particularly important for justifying the balance of combined freight and
passengeraffic on the HSMs on the criteria of minimizing the freight traffic revenue loss and minimizing

the need for additional state subsidies for passenger service.

1 Introduction and problem statement possible. While for freight trains this condition is not so
unambiguous, and this is why:

To use highspeed lines only for passenger transportation  Firstly, according to the HSM, not all goods from the
in Ukraine is inefficient and unprofitable, since even in traditional nomenclature of transport of ordinary
China [1], with its high passenger traffic, not all lines of railways will be transported, but only those that previd
high-speed railways are profitable, therefore, they also axial loads not higher than passenger trainsced
carry highspeed freight requiring urgent delivery].[2  "lightweight" goods); it is obvious that there will be a
The study of thédalance of freight and passenger traffic relatively small proportion of such goods in total, and,
in the HSM on criteria of maximum profitability for the above all, there will be goods that really need fast
infrastructure operator, taking into account the interestsdelivery and are fairly "higivalue" (soecalled "high
of other market participants, is an important scientific margin" goods or "high valsadded goods"). Practice
and applied problem dan a prerequisite for the shows that such goods are transported by rail in most
development of higispeed multimodal transport in cases in containers that are the best way to ensure the
Ukraine. safety of such goods.

Secondly, as far as we know, there are no specia
theoretical and experimental studies on aerodynamics
and resistance to the movement of kigieed trains with

The purpose of the study is to construct a mathematicalfontainers, for HSM lines with a combined traffic of
model for the rational distribution of the throughput Passenger and freight trains. However, in studies on, for

capacity of the HSM lines, taking intaccount the example, resistgnce to train movent in a tunnel_, with
transport of passengers and freight by them with justified St'ong lateral wind, rain, and sandy storrestablished

parameters of axial loads and speed. nonlinear (in particular, quadratic) dependencies of
accelerated growth of aerodynamic resistance and

dynamic forces acting on elements of rolling stock and
3 Presentation of the main research tracks [ 3], [4] wih increasing train speed. It is logical to
material assume that when moving higheed trains with

containers that have the shape of a parallelepiped with
An important factor to be taken away from is the fact spaces between them, there will be adverse aerodynamic
that the speed of passenger trains should bemadiyi effects that will lead to a sharp increase in propulsi

2 The aim of the study
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energy costs, and, consequently, the cost of whereV i average speed of the train, km/ h.;
transportation. Therefore, there may be a need to limit |7 distance between stations, km:

the speed of freight trains in the HSM compared with
passenger trains. And from the theory and practice of the
organization of train movements, it isndwn that )
different speeds of trains on one line lead to the train, h. _ . _
"removal" of trains at one speed by trains at different The average time of acceleration / deceleration of the
speeds (sealled "slowmoving" and "highspeed" train £;; depends on many factors, but we will assume
trains).It should be noted that the balance of cargo andhat most of all from the mass and speed béttrain, its
passenger transportation to th&M is possible taking traction characteristics and efficiency of the braking
into account two constraints arising from the need to system, that is, the technical perfection of its design. In
meet the demand for transportation: addition, the profile and line plan are influenced by this
A Need for transport at i otime.dniestigdtelthemflusnbeioffagtorp.assenger s ;
A The need to transport asdAs can behseeo famgTabll atlle ayemgesspebd ie
within the available capacity. only 68% less than the maximum at the greatest
Given thee constraints, we analyze the dependence distance between stations (35 km); this difference is less
of the average train speed from the maximum at differentthat the less time for acceleration / deceleration of the
acceleration / deceleration times and distance between train. At a short distance between stations (10 km), the
stations: averagespeed is as much as -88% less than the

2 max P maximum.
¢
vy g Yo
¢

V™ maximum train speed, km/h ;
t,, 1 Average time of acceleration / deceleration of

>0 o Q 1)

Table 1.Dependence of average train speed from maximum at different times
of acceleration / deceleration and distance between stations.

Average time of Average time of . ) max
acceleration / acceleration / Distance between Maximum train speed ¥ , km/h.
decele;it:l)r;-of train decel;::'tj?ir?.f train | stations! , km 250 075 300 305 350
0,0167 1 15 215,3 233,0 250,0 266,3 2819
0,0333 2 15 180,6 191,0 200,0 207,6 2139
0,0500 3 15 1458 149,0 150,0 149,0 145,8
0,0167 1 25 229,2 2498 270,0 289,8 309,2
0,0333 2 25 208,3 2246 240,0 254.,6 268,3
0,0500 3 25 1875 1994 210,0 2194 2275
0,0167 1 35 2351 257,0 278,6 299,9 320,8
0,0333 2 35 220,2 2390 2571 274,7 2917
0,0500 3 35 2054 221,0 2357 249,6 262,5

Table 2.Number of freight trains that can be skipped on the basis of the mandatory passage
of a different number diy passenger trains.

Number of trains Distance . ) ——

per day of another | between Maximum train speed ¥ ,km/h.

category of speed | gations! |

N, trains per day km 250 250 250 250 250
2 30 102 102 102 102 102
10 30 91 92 92 92 92
18 30 80 81 81 82 82
2 50 102 102 102 102 102
10 50 88 89 90 90 90
18 50 75 76 77 78 79
2 70 101 101 101 102 102
10 70 86 87 87 88 88
18 70 70 72 73 74 75
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The results obtained in Table 2 are very expressive.transportation, based on the criteria for maximizing
For example, with an increase in the number of revenues from freight transport and minimizing the need
passenger trains per day from 2 to 18 (ddint), the  for additional state subsidies for passenger
number of freight trains may decrease from 102 to 75,transportation.
that is 27 trains per day (depending on the values of A mathematical model can be used to study different
parameterd and t,; - with the corresponding loss of ~scenarios of planning and ashelp in making decisions
income from freight traffic and the need to subsidize an ©" Planning a rational distribution of the capacity of
addtional number of passenger trains. Ilm_es of th_e HSM ta_klng intoaccount passenger and

The results of the empirical study show that at freight traffic on longdistance railway lines.
acceleration / deceleration times of more than 3 minutes
gnd di;tances .between stations less than 15 km Wi,”References
increasing maximum speed, the average speed of trains
does notincrease, but decreases. At the same time, thel. Sunny Mewati(2016)
calculation of the overall capacity of the lines of the 2. ELENA G. SEVILLANO, (2016)

HSM showed that the greater the difference in the speed3. R. Raghunathan, H. Kim, T.-8. in A. sciences,
of trains, the greater the loss of bandwidth of the line. and undefined 2002, Elsevier (n.d.)
With an increase in the number of pagger trains per 4. Y. Fang and Y. Zhang, editor€h i n a 6-Speedi g h

day by 16 units, the number of freight trains per day is Rail TechnologySpringer Singapore, Singapore,
reduced by 27 units. 2018)

The results obtained are particularly important for
justifying the balance of the use of the lines of the HSM
and the availability of the HSM for freight and pessger
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Abstract. The smoothoperationof the railway dependsmainly on the smoothrunning of the railway
automationand communicatiorfacilities. The safe and uninterrupted operation of the railways is ensured
by signaling, centralization and interlocking systems, as well as automatic locomotive signalling in
combination with driver's vigilance and hitchhiking systems. To determinedfor factors that affect the
performance of the last two of these systems, the failure statistics of all railway automation devices that
have a direct or indirect effect on them are analyzed. The origin of deviations in the normal operation of
devices andystems, which can lead to malfunctions in their operation, is established. The most important
objects are identified, the parameters of which must be constantly monitored. This will greatly improve the
performance of the system and the overall reliabitfythe system. The analysis of the statistics has
revealed the causes that lead to device and system malfunctions. It is confirmed that deterioration of the
equipment remains the main cause of malfunctions among the most common failures of decoders,
amplifiers and locomotive filters. In addition, the human factor has a great impact on the quality of the
operation of the devices and systems of railway automation, namely the violation of the technology of
work performance, nenompliance with the requirementof technological charts and operating
instructions, poor quality repair and inspection of devices in repair and technological sites. Important
remains the question of developing and implementing the latest technologies in the automation of the
process othecking and servicing rail systems, which are the most important issue for carriers around the
world at all timeg the safety of transportation.
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Abstract. The purpose of the study is tinfl ways to create an information system for monitoring the
high-speed section of a railway locomotive turnover with the use of environmental assessment for the safe
passage of trains. The object of study is a distributed information system for mortierieigvironmental

status of the railway section. The objective of the study is to develop a technical proposal for the creation
of a distributed information system for monitoring the hégieed section of the railway, taking into
account the environmentatatus. The novelty of the study is based on the estimation of the ecological
status of the railway section (locomotive rotation areas). The research is aimed at increasing the amount of
data on technical parameters affecting railway safety; the develomherethodological support for the
construction of an information system for forecasting emergency situations in relation to rail transport.
Studies have no inconsistencies with existing data. The use of such systemssgebyisections of
locomotive ptation will allow to solve the problem of ensuring environmental safety on railway transport.
The research is of interest to organizations engaged in the development of environmental protection
measures for transport
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Analysis of electromagnetic interference from rolling stock with
induction traction motor

VadimShchekaAntonZhuravlyovand AndriiZubka*

! DNURT, Department of automation and telecommunications, 49010 Dnipraryama Str., 2, Ukraine

Abstract. The analysis of electromagnetic interference from new types of electric rolling stock with an
induction traction motor to determine statistical estimates of the distribution parameters of the probability
of interference ppear in the frequency bands of track circuits signal currents is carrietheustatistical
material, needed for the study, of time dependencies and the harmonic composition of the traction current
was collected based on the measurements results of eedric rolling stock with an induction motor of

three different manufacturers, which is currently operated on the Ukrainian railways. The recordings have
been made for the basic modes of driving a locomotive: traction, running, braking, when driving on
sections with alternating current and direct current with different steepness of the track Asddileesult

of the statistical data analysis on electromagnetic interference generated in reverse traction current by an
electric rolling stock with an ingttion motor, the probability distribution law of the generated noise
interference in this or that band of track circuits signal currents is found out, as well as signal currents
bands which are most prone to electromagnetic influence are revealed.

1 Relevance research rolling stock with an induction traction motor to
determine statistical estimates of the distribution

The highspeed traffic implementation and rolling stock parameters of the probability of interference appear in

fleet modernization in Ukraine is closely linked to the the frequency bands afick circuits signal currents.

introduction of a rolling stock with an induction traction Such interferences can affect the main track circuits

motor, the operation of which requires constant operation modes, which will affect the overall operation

monitoring of the eldcomagnetic compatibility with  of the railway automation system at the area. It is

train control systems, and in particular with the track desirable to note that track circuits operation modes

circuits, which are the primary track sensors and thefailure can lead to a serious accident.

most unreliable elements of railway automation, but

which in turn affect the safety of train traffic. Traffic . .

safety in high-speed areas is largely dependent on the2 Data collection and processing

functional safety of the track circuits and their basic

operation modes performing.

The recorded facts of electromagnetic interference,
generated by power converters of electric rolling stock
with induction traction motor into the bands of track
circuits signal currents confirms the need to develop the
new methods and means for ensuring electromagneticCI
compatibility of track circuits with new types of rolling
stock. In developing and implementing technical
solutions to improve the functional safety of track
circuits, the issue of identifying the problem railroad
areas and the track circuits signal currents frequenc
ranges, where the failure rate is greatest, is raised.

That is, one of the urgent problemghs study of the
probabilty of dangerous levels and duration
electromagnetic disturbance from an electric rolling
stock with an induction traction motor in the band of a
particular track circuits signal frequency. Thus, the
purpose of the work is to conclu an analysis of
electromagnetic interference from new types of electric

In order to prevent the occurrence of track circuits
failure due to the action of electromagnetic interference
from rolling stock with induction traction motors, a
considerable amount of datdtained from real rolling
stock and sections has been analyzed.

The statistical material, needed for the study, of time
ependencies and the harmonic composition of the
traction current was collected based on the
measurements results of on an electrlitng stock with

an induction motor of three different manufacturers,
which is currently operated on the Ukrainian railways.
YThe recordings have been made for the basic modes of
driving a locomotive: traction, running, braking, when
driving on sections wiit alternating current and direct
current with different steepness of the track profile.

During the measurements, the obtained data were
recorded using a mobile PC, ADC and contactless
current sensor. Express data analysis was performed
directly during measrements. The analysis used the
software included in the ADC, as well as software
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developed in the National Instruments LabVIEW 3.
package. Irdepth analysis of the results was performed
using MathWorks MATLAB. In MATLAB environment

the FFT algorithm is implaented and the most
informative fragments of recorded currents are analyzed.
In addition to the FFT method, the obtained traction 4
current records were passed through digital bandwidth
fiters in the signaling frequency range of the track
circuits createdn the Signal Processing Toolbox. The
obtained filtered interference currents directly enter the
track circuits receiving devices through the track filters
and are the most dangerous for their operation. Such
interference current will only affect the of tlacircuits
operation if its amplitude exceeds 0.35 A for third
generation tonal track circuits; 0.2 A for fourth
generation tonal track circuits and 1 A (1.3 A) for
numerical code track circuits powered by 25 Hz (50 Hz)
current. In order to take these aareters into account,
the interference current obtained after digital filtering ©-
have been further processed.

5.

3 Results and conclusions

As a result of the statistical data analysis on
electromagnetic interference from rolling stock with
induction traction rator, generated in reverse traction
current by an electric rolling stock with an induction
motor, the probability distribution law of the generated 8.
noise interference in this or that band of track circuits
signal currents is found out, as well as signaremnts
bands which are most prone to electromagnetic influence
are revealed.

Obtained statistics and of distribution parameters 9.
estimates can be used in the design, equipment of
sections and maintaining of track circuits in order to
ensure their electromagtic compatibility with an
electric rolling stock with an induction motor, which is
especially relevant in sections with higheed motion.
The data obtained will also be useful in the development
of track circuits methods and means protecting from
electomagnetic interference by an induction traction
motor or in the design of fundamentally new train
control systems based on automation elements that use
the frequency bands with least probability occurrence
disturbances from electric rolling stock.

10. Niska S.
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Abstract The problem of introduction of modern technologies in thasjpart sector of Ukraine is
considered, the main priorities of perspective development of the country's economy are determined.
Strategic directions for the development of the transport industry are outlined in accordance with the EU
Directives on energyfiiciency and energy efficiency in transport. Role of the tourism sector in shaping
the strategic course of economic development, as well as the main problems of the industry in the
introduction of digital technologies are revealed.
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Abstract. The problem considered in the work is concerned to the automatic detecting and identifying

defects in a neutral relay. A new method for the auto
analysis of relay transient current and actéfi neural network classifier is proposed. The effectiveness of

this method was confirmed during testing of the neutral relays with various defects
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Abstract. Based on the analysis of the development of the city of lavid the region, a plan for a
comprehensive reconstruction of the work of the Lviv junction is proposed, taking into account the
implementation of promising infrastructure projeetsonnection of the junction to the network of 1435
mm tracks, to the LH3ine and construction of the 1520 mm. track from Kosice to Vienna (breitspur
planungsgesellschaft).
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Abstract. The problems forestoration of the activity of the little used tracks are considered, for example,
the tracks Sokal (Ukrainé&)Yaroslav (Poland) and Lviv (Ukrain&) Zwierzyniec (Poland) at the junction

of 1520 / 1435mm track systems. A sketch project of reconstruofidhe track economy has been
completed, which allows to restore the through passage of freight and passenger trains with a track width
of 1435 mm on all sections and a width of 1520 on the sectionsawigrzyniec and Rav&uska-

Sokal. A preliminary stwvey of volumes of freight traffic by tracks as transit cargoes has been carried out
centers of formation / receipt of which are outside the region of the track and the flows generated by the
companies of the track. A simulation of the organization dfiandy a node is carried out, as a result of
which the need for traction and the type of traction are determined. The amount of investments in the
reconstruction of the track economy of electrification and traffic automation, the purchase of traction and
the creation of associated engineering infrastructure has been determined. Based on the estimated volume
of transportation, it is proved that the project can be-effettive and can be implemented under public
private partnership.
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