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Abstract

The paper considers the issue of evaluating the impact of different types of uncoupling to increase the processing capacity of hump
yards to ensure high technical-economic indicators in the conditions of limited capital funds. Moreover it describes the mathematical
formulation of the sorting slide. For the mathematical formulation, the sorting slide is taken as a surface that is uniquely projected

onto a horizontal plane. Based on the results of calculations, more accurate data on the speeds of movement along the downhill part

of the slide are determined. This data is compared with experimental results.
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1 Introduction

The presence of hump yards in the railway transport infra-
structure enables to increase the processing capacity of the
points of dissolution and formation of convoys of freight
trains. This is confirmed by several studies (Torok, 2019;
Hokstok and Mészaros, 2011; Adamis and Mészaros,
2013; Mészaros, 2006) that were developed on this topic.
When weight categories are used correctly the individ-
ual uncoupling can increase productivity by screening the
slides, without using large amounts of capital (Szabo and
Torok, 2020). For this purpose, an analysis of the traffic
volume passing through the hump was made, the most sig-
nificant results of which are presented in this paper.

2 The main problems

In practice new ways of enhancing the processing capacity
of hump yards were developed as a result of growing traffic
volumes: the introduction of the second path of the thrust,
the organization of parallel dissolution trains (Dudnichenko
etal., 1981; Pavlov, 1970). Although these methods increase
the processing capacity of hump yards they require signif-
icant initial capital expenditures (Stasiak-Betlejewska and

Torok, 2019). The organization of a parallel dissolution of
the compositions of the trains requires significant addi-
tional operating costs. In this case, processing s of cars in
a grading system is presented (Bessonenko, 2008).

One of the significant measures to increase the process-
ing capacity of hump yards and ensure high technical and
economic indicators in the conditions of limited capital
funds is the organization of the variable speed of disso-
lution of the compositions of the freight trains on sort-
ing slides (Grznar, 2003; Mikusova et al., 2019). Large
quantities of uncoupling are the opportunity to increase
the speed of dissolution of the compositions of the freight
trains and increase the processing capacity of hump yards
(Kovacs and Mészaros, 2015).

At the same time, indicators of increasing the process-
ing capacity of hump yards by the organization of the vari-
able speed of dissolution of the compositions of the freight
trains are significantly affected by the proportion of differ-
ent numbers of cars in the uncoupling and spread of hump
yards in the most important points of processing of cars
(Sasik et al., 2016).
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At the initial stage, it is necessary to consider the value
of technical and economic indicators of traffic volumes in
the sorting station. For the realization of the analysis the
following data was available: characteristics of the traffic
volumes and the number of cars in the uncoupling on the
hump. At this stage, it is necessary to assess the magnitude
of traffic volumes (Callejas-Cuevo et al., 2020).

Statistics data show that in a separate uncoupling there
exist significant fluctuations in the value of wagons: from
1 to 10 and more. In turn, the number of wagons in the
uncoupling is significantly dependent on the number of
sorting paths in the yard. So, with the increasing number
of sorting ways, there appears an increasing number of
appointments of plan formation. This reduces the possible
number of cars in the uncoupling in the process of dissolu-
tion of the compositions at the hump yards.

Estimation of the technical and economic indicators of
operation of marshalling yards and surrounding areas need
to be set by statistical data and the operational performance
of the marshalling yards and slides. They are set depending
on the number of cars in the uncoupling formed on each of
the marshalling yards, depending on the volume of oper-
ation and the number of yards or number of assignments,
plan formation, taking place at the landfill rail lines.

To assess this parameter technical-economic indicators
of the nature of the presence of uncoupling of various sizes
for sorting station "N" the data is given in Table 1.

Various technical and economic indicators provided in
Table 1 were determined by Eq. (1) (Savchenko et al., 1980).

P=K,/YK, Q)

where:
K is the number of uncouplings at the respective i values;
2 K the total number of uncouplings taken for analysis.
In the existing system analysis of main indicators of
work of a switchyard, the sum of the probabilities is deter-
mined by Eq. (2).

YP=B+P+..+P 2

where:

P is the probability of occurrence of an uncoupling
measure of corresponding value;

i=1,2, .., 1i1is the number of possible values for a given
technical-economic indicator.

Fig. 1 and Table 1, it can be seen that there is a small
probability of the appearance of cuts of a large value in
the total number in the process of their dissolution from
the hump. The number of cars in the uncoupling of the

corresponding value can be determined according to the
Eq. (3) (Savchenko et al., 1980).

Y B=ny,, n (©)

unc ’

where:
n_is the number of uncouplings at the corresponding
C

un

values;

nee is the number of uncoupled cars/The total number
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of cars cumulatively equals to:
2By =B +B,+..+B,, “4)

where:

B is the possibility of the number of cars in the uncou-
pling of the corresponding value;

K=1,2, .., Kis the cumulative number of cars in the
uncoupling.

The nature of values of the corresponding indicators as
indicators of the operation of hump yards or the number of
wagons are shown in Fig. 2.

The data in Table 1 showed that when the hump is
uncoupling, the most likely scenario is the appearance of
1 and 2 cars in the cut. Cuts of 4-5 wagons have a low
probability. And also, there are cuts of 10 or more cars.

Table 1 Characteristics depending of the number of cars in trailers

The
The number The The The number of
The sum of  number
of wagons  number robabilit robabili- of wagons on
un-hooked  of values P ¥y prob an accrual
ties wagons .
basis
1 47 0.47 0.47 47 47
2 19 0.19 0.66 38 85
3 10 0.10 0.76 30 115
4 10 0.10 0.86 40 155
5 and more 14 0.14 1.0 140 295
TA total 100 1 295
05
0.45
04
035
Z 03
3025
2 02
0.15
0.1
0.05
0
1 2 3 4 5

number of cars in a trailer

Fig. 1 Probability of different numbers of cars in the train
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Fig. 2 Change in the total number of cars depending on their size

Statistics data shows that the nature of the cumulative
change of the performance of the stations and the number
of possible uncoupling are depending on the number of
cars. Fig. 2 shows that a small number of cars in cuts takes
the maximum share in their number. The further construc-
tion of hump yards almost does not increase the total prob-
ability of their occurrence.

Rational designs of hump yards, their performance, as well
as the height of hump yards are significantly affected by the
presence of cars with different weight characteristics to dis-
solve the compounds of freight trains. Thus, the existing sci-
entific literature provides a classification of cars by weight,
the categories of which are characterized as (VBR), (BR),
(GR), and (VGR). For a very bad runner (VBR) a 4-axle gon-
dola car on roller bearings weighting 22 t is taken, for a bad
runner (BR) a 4-axle gondola car on roller bearings weight-
ing 25 t is taken, for a good runner (GR) a 4-axle wagon
weighing 70 t is taken, and for a very good runner (VGR)
a 4-axle wagon weighing 85 t is taken (Borodin et al., 2002).

The magnitude of hump yards, their performance, and
the operating costs associated with the upsetting of wag-
ons in the marshalling bay have a significant negative
influence in the case of the presence of light cars (VBR
and BR). These cars cover short distances in the case of
uncoupling at the hump. Consequently, it is necessary to
increase the height of hump yards, which causes a signif-
icant increase in capital costs in their construction. Also,
there is a need for the inhibition of a large number of trac-
tion vehicles of cars, causing a significant increase in
CapEx and higher operating costs.

The maximum height of the hump is set for very bad
runners (VBR) or empty cars that feature a poor perfor-
mance and fail to reach the desired point in the marshal-
ling bay. As a result, "windows" are formed on the sorting
tracks between the cuts. This causes the need for a special
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separation of wagons in the marshalling bay and the growth
of operating costs associated with the processing of wagons
in the marshalling bay (Mukha and Yanemic, 1974).

The nature and magnitude of technical and economic
indicators of operation of hump yards are significantly
affected by the presence of uncoupling including a few cars.
If there are multiple cars in the uncoupling there appears the
possibility of increasing the performance of hump yards due
to the following peculiarities of the technology of wagon
processing points at the major marshalling yards:

a) sorting the tracks with a smaller number of avail-

able spaces, thereby reducing the likelihood there is
a smaller need to have the cost of shunting means for
implementing separation of wagons in the marshal-
ling bay;

b) the possibility appears increasingly in case of imple-
menting a variable speed of dissolution of the cars,
which will increase the processing capacity of hump
yards;

c¢) smoothing the weight of individual cars.

These factors affect the appearance of light cars and
the likelihood of uncoupling of different sizes or different
categories.

To study the impact of the number of cars in the uncou-
pling on the operational performance of the hump yards in
stages the following work was conducted:

a) at the initial stage, all single cars were dismissed with

hump yards' single order;

b) a single uncoupling was composed of a different num-

ber of cars.

The study of this techno-economic measure was imple-
mented separately for cars and empty areas. To assess the
technical and economic indicators, the possible intervals
in the weight of the wagons were taken separately for the
loaded and the empty directions. The study was conducted
with a weight interval of 10 tons, more specifically from
20 to 90 tons on the car.

In total, 150-200 values of the frequency of occurrence
or the probability of occurrence of the weight of individual
cars of the most varied size were taken for the research. The
analysis covered up to 300 different quantities of uncou-
pled cars from the hump. In total 300 individual physical
cars were implemented in the modeling of process of for-
mation of uncoupling for the various configurations.

The research process was conducted in the following
order:
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a) at the beginning, in one day, the cuts were released
from the hump according to the existing configura-
tion of the number of cars in the cut;

b) the probability was set for a given traffic volume of
the individual weight values of the cars.

By building a tabular dataset the probability of the
weight of uncoupling of various sizes was detected. The
effect of the possible number of cars in a cut or oscillation
of cars in a cut on the likelihood of the appearance of cuts
of the most different weight in the process of breaking up
cars from the hump was established. For individual phys-
ical wagons, the weight was determined according to the
data of the invoice documents or according to the weight
indicated in the full-scale sheet, using Eq. (5).

unc

Dyrows = 2 grons | Mear » ®)

where:

2 danss 18 the total weight of all wagons sent from the
marshalling yard in the direction in question per day;

nay is the total number of all cars sent from the mar-
shalling station in the direction in question per day.

At the initial stage, the probability of the average weight
of individual groups of wagons was established, taking
into account the number of wagons in the trains.

The data in Table 2 show that, in the presence of cut-
offs opened from the sorting slides, indicators of small and
heavy weight are more common for existing conditions.

Initially, the study was conducted for the freight direc-
tion. For this direction the average weight of individual
wagons was established by Eq. (6). (Savchenko et al., 1980)

¥ dail
q;je%:ge = dee;aZture / Z:ntotal > (6)
where:

> Ri‘ii‘jgme is the total weight of all wagons sent from the

marshalling yard in the direction in question per day;

2.1, is the total number of couplings sent from the
sorting hill on the considered day.

For the considered day at station "N", the average num-
ber of cars in a train turned out to be 3.

In total, 93 cut-offs were disbanded from the sorting
hill over the course of the day under consideration at the
station. The average number of cars in a train turned out
to be 3 cars. The total number of cars dismantled from the
sorting slide turned out to be equal to 280 cars.

The data also showed that the most likely occurrence
of the weight of individual wagons is close to the average
value. However, in this case, the nature of the probabilities

for individual wagons differs from the values in the pres-
ence of cut-offs consisting of several wagons.

So, for single wagons, there is a high probability of the
appearance of the weight of single wagons for the largest
and least weight. At the same time, for single cars, the prob-
ability of the appearance of average values of the weight
of the cars turned out to be less. The nature of the effect of
such a difference can be shown in Fig. 3.

The data in Fig. 3 show that the probabilities of the
appearance of an average weight in one car differ to
a small extent from the values of the car weights. So, there
is a surge probability in the case of small t and with a full
load, in the range of 85 tons.

At the same time, merging into one uncoupling several
cars will lead to a drastic change in the probabilities of the
weight of wagons of various sizes. In separate cuts, wag-
ons with full and low load take place or are included. This
leads to the fact that the average weight of the car averaged
out. Therefore, in the presence of uncoupling they are the
most probable average values. This will lead to a signifi-
cant reduction of the probabilities of the smallest and larg-
est weight per car.

Table 2 Change in weight of indicators in the individual groups of cuts

in the presence of cut-offs of the most varied size

Weight Intervals le;?;rs of Probability prosbl:l:li l(; fies
20-30 181 0.650 0.650
30-40 15 0.055 0.705
40-50 16 0.060 0.765
50-60 13 0.045 0.810
60-70 14 0.050 0.860
70-80 14 0.050 0.910
80-90 27 0.090 1.000
Total 280 1.000 1.000
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Fig. 3 Change in the probability of the appearance of unhooked cars for
different wagon weight intervals



3 Conclusions

The grouping or uncoupling individual cars can signifi-
cantly reduce the probability of light cuts occurring for
a wide variety of cut sizes. This will decrease the prob-
ability of the occurrence of the largest weight per single
car. The above features lead to the fact that in the case of
the appearance of cuts from several cars, the productivity
of the hump will increase not only due to the possibility of
organizing a variable speed of uncoupling or cuts.
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Improving the performance of hump yards may be
achieved also due to the significant reduction in the light-
est cars, limiting the processing capacity of hump yards,
especially under adverse conditions.
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