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Abstract. This article focuses on the issue of optimising the transport process
of cargo-intensive sections analyses the section capacity and outlines the most
relevant ways of increasing carrying capacity and throughput today. In order to
reduce capital expenditures for capacity enhancement the optimization task on
revealing and determining the factors’ values influencing the carrying capacitywas
formed. Rational location of locomotive fleet on the sections allows to increase
weight standards of goods trains on the one hand and on the other hand with
useful track length less than 1050 m a reserve of locomotive capacity appears. On
sections with low gradient up to ip < 8‰ the reserve should be used to increase
running speed while on sections with difficult profile ip > 20‰ the reserve should
be used to increase weight standards of the train. The proposedmethodologymade
it possible to determine the optimum values of weight norms and speeds on the
basis of the obtained values of running speed parameters and the division of the
train traffic into three categories (light, mixed and heavy) using the optimum type
of locomotive 2TE116. The results obtained prove the relevance of the study and
show that the main factor that has a significant impact on carrying capacity is the
locomotive performance. When determining carrying capacity the average train
weight should be used rather than the weight standard set by the train schedule.

Keywords: Transport capacity · Carrying capacity · Throughput · Train weight ·
Running speed · Goods wagon parameters

1 Introduction

The transport capacity of railway lines is determined by their carriage and throughput
capacity. In the face of capacity and carrying capacity shortages on railway lines there is
a need to analyse the key factors affecting capacity [1]. An assessment of the available
freight carrying capacity of railroad sections with critical infrastructure elements [2]
shows the need to investigate and find specific solutions for determining the capacity
and freight carrying capacity and to optimise the routes [3] and the size of goods train
movements as noted in the authors’ work [4–6].

Classification of goods trains by weight and speed (heavy, mixed and light) based on
the technical characteristics and fleet parameters of different types of freight wagons]
allows longer and heavier trains to be operated when allocating traction capacity of the
locomotive fleet [7, 8].
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Energy efficiency and train length can be crucial in determining capacity especially
when limiting the length of the station line [9, 10].

It is known that capacity is directly related to three main parameters:

– capacity, i.e. the maximum possible number of goods trains that a given line can carry
per unit time in a parallel timetable [11];

– the operational parameters of the wagon fleet the impact of in terms of wagon fleet
utilisation factor,

– the net weight of a goods train that might be realised under the given conditions on
that line [12].

The value of the boundary gradient affects the weight rating of trains and the carrying
capacity of the designed railway section. It determines the complexity of the longitudinal
profile, travel speeds, fuel or energy consumption.

The track profile has a significant role amongst the external forces that impede the
train’s movement. On average, the mechanical work inputs of locomotive traction to
overcome the traffic resistance of goods trains are distributed as follows: 60% - basic
resistance, 35%- trackprofile gradients, 5%- track curvature.Onaverage, themechanical
work inputs of locomotive traction to overcome the traffic resistance of goods trains are
distributed as follows: 60% - basic resistance, 35% - track profile gradients, 5% - track
curvature.

If the speed of the trains is unchanged use to increase their weight and length, then
the capacity of the section will decrease but the carrying capacity will increase allowing
fewer trains to carry significantly more wagons (freight) [13].

2 Materials and Methods

1. Capacity dependence on individual factors

1.1. Problem statement, main factors

The capacity value is determined by the formula:

C = 365.Nf .ϕ.Qav
gr

106kn
(1)

Where Nf – capacity for freight traffic, train pairs.
ϕ – the wagon fleet utilisation factor;
Qav
gr – average train weight, t;

Qgr – the weight standard of the train set in the timetable, t;
kn – is the coefficient of monthly traffic irregularity.
Z – the coefficient of the weight rate utilisation set in the timetable,

Z = Qav
gr

Qgr
(2)
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It is known that the carrying capacity of a railway line (section) is determined by the
carrying capacity of its technical equipment elements: runs, track development of inter-
mediate and technical stations, power supply system, locomotive facilities, signalling
and communication system, etc.

Consider the line capacity determined by the bounding line. The throughput with a
parallel schedule then depends on the travel speed (Vr), the station intervals (τs) and the
acceleration and deceleration times (tas). In general terms, the nature of this dependence
is expressed by the following formula:

Nf = 24Vr

2Llim+Vr
(
τs+tas

) (3)

Where Llim is the length of the boundary line, km.
The wagon fleet utilisation factor ϕ is expressed in terms of average weight or wagon

capacity utilisation factor (Klp):

ϕ = qn
qgr

or ϕ = Klp

Klp + Kc
(4)

Where qn – net wagon load, tonnes;
qgr – the average gross wagon weight, tonnes;
Klp – the load capacity utilisation factor of the wagon,

Klp = qn
qlp

(5)

qlp - wagon load capacity, tonnes.
kc - the wagon tare factor,

kc = qc
qlp

(6)

Formulas (1)–(3) show that the reserves for improving the capacity of railway lines
are increasing the running speed of the goods train, reducing the station intervals, improv-
ing the performance of the rolling stock and increasing the average weight of the goods
train.

For the purpose of this study let us consider the factors that determine the average
weight of a goods train. The main ones are locomotive pulling power, track profile and
useful length of the receiving track. In addition, the freight flow in each direction is
significantly influenced by the completeness of the goods trains and therefore the static
load of the wagons and the structure of the wagon fleet (availability of four- and eight-
axle wagons). The static load of wagons is increased by densified loading and rational
allocation of empty wagons for loading of certain types of cargo [14].

Rational deployment of the locomotive fleet on the railways also allows for higher
weight standards for goods trains [15]. It is important to allocate the most powerful
locomotives for sections with difficult profile conditions and for lines where the main
flows are heavy loads. Low-power locomotives should be used on the easiest profile
conditions. The train’s weight has two limitations:
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1) in terms of locomotive traction force

Qgr ≤ Fap − P
(
W ′

o + ip
)

W ′′
o + ip

(7)

Where Fap is tangential traction force of the locomotive, kN;
P – locomotive weight, tonnes;
W ′

o,W
′′
o – is the basic specific resistance of the locomotive and wagons respectively

at design speed, N/kN;
ip – design elevation, ‰.

2) along the station track length:

Qgr ≤ (Ls − Ll)q (8)

Where Ls – usable track length, m;
Ll – locomotive length including distance to stop accuracywithin usable track length,

m;
q – design load from the static distribution series, t/m2.

The weight standards set in terms of locomotive pulling power ensure better use of the
locomotive. The weight standards set by track length at the highest line load ensure the
smallest traffic sizes. When heavy trains are used the issue arises of the underutilisation
of station track length and the unjustified increase in traffic size. When light trains are
used there is excess locomotive capacity which can partially be used to increase running
speeds.

This raises the problem of selecting the optimum train weights and traction support
for the transport process.

Let’s show one possible solution to this problem.
Taking into account (1)–(3) the carrying capacity as a function of train weight and

throughput as well as the operational parameters of the wagon fleet can be expressed as
follows:

1) When limiting train weight by locomotive pulling power using formula (4)

(9)

2) When limiting train weight by track length using (5)

(10)
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Based on the analysis of the dependence of capacity on individual factors the follow-
ing may be noted. The estimated train weight is significantly influenced by the degree to
which the lifting power of the wagons is utilised. The lower the steering gradient and the
higher the speed of goods trains on this gradient the greater the effect of wagon weights
on the calculated train weight.

The saturation of the wagon fleet with heavy multi-axle wagons with high loads can
significantly increase capacity. Currently, Russian Railways is introducing new tech-
nology for the use of cassette-type tapered axlebox bearings making it possible to sig-
nificantly increase the weight and speed of goods trains for the same length of station
tracks.

Where the effective length of the station tracks is less than 1,050 m this raises the
issue of locomotive capacity underutilisation. Therefore, on sections with low gradients
up to ip < 8‰ the underutilised power can be allocated to increase the travelling speed.
On sections with large rises of ip > 20‰ it can be directed towards ensuring weight
standards.

It follows from the above that the weight of a goods train on railway sections with
low gradients is determined not by the type of locomotive but by the length of station
tracks and the calculated load depending on the freight turnover structure and the wagon
fleet [16–18]. As a result, the impact of the locomotive on the line capacity becomes
significant on the sections with high gradients when on the other sections (with light
gradients) the level of train speed of a given weight realized with a given locomotive
becomes decisive [19, 20].

When locomotive pulling power is limited it is possible to increase the weight of a
goods train by

1) increasing the tangential pulling power of the Far locomotive (new pulling, nudging,
connection of additional sections, introduction of more powerful locomotives) while
increasing the tangential pulling power of the locomotive; Qgr

2) reduction of the wagon’s tare utilisation factor. In this case it is possible to increase
the net weight of the train.

3 Results Analysis

As already shown in (6) and (7) capacity is directly related to gross train weight and
running speed of goods trains:

C = f (Qgr,Vr) (11)

The work

Qgr,Vr = D (12)
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Characterises the performance of a locomotive. The D value must be maximised in
order to obtain the highest capacity. This requires either accurate traction calculations for
different gradations of train weight on the bounding line or an analytical determination
of the relationship between running speed and gross train weight:

Vr = f
(
Qgr

)
(13)

This dependency was first identified by Professor N.A. Vorobiev

Vr = a − bQgr10
−3 (14)

Where a and b are parameters that take into account the running speed of goods
trains.

One of the authors of this article carried out traction calculations using a 2TE116
diesel locomotive where parameters a i b depending on profile types including for
mountainous terrain were derived (Table 1).

Table 1. Parameter values determining the weight and speed of goods trains

Type of profile Leadership bias ‰ Parameters Diesel locomotive 2TE116, Vr =
100 km/h

Train

Light Mixed Heavy

Plain From 8 a b 64.8
1.1

70.6
6.9

66.0
5.3

Up to 10 a b 52.2
1.3

56.7
4.6

69.9
6.5

Hilly 12 a b 63.9
5.7

64.2
5.4

66.9
6.5

Mountain 20 a b 71.5
13.6

69.9
12.1

79.7
16.9

Using the data in the table the dependence of locomotive performance D o on the
obtained dependence shows that with some Qcr the value of D takes the maximum
value. A further increase in the average train weight leads to a decrease in locomotive
performance associated with a decrease in running speed [21, 22].

Thus, it is possible to increase the capacity of a line by increasing the average train
weight toQcr with some reduction in running speed. Increasing the average train weight
above the value Qgr is not advisable as it leads to a reduction in capacity Fig. 1
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Fig. 1. Locomotive performance as a function of average train weight

Fig. 2. Train weight vs steepness of design gradient with diesel locomotive traction

Figure 2 shows the relationship between train weight and steering gradient when
operating different types of locomotives.

Determining the optimum average weight of a goods train.
To justify the average train weight standard using formulas (9) and (10) carry out

the following conversions:

D = Qgr

(
a − bQgr10

−3
)

= aQgr − bQ2
gr10

−3 (15)

Let us differentiate the resulting expression:

dD

dQgr
= a − 2bQgr10

−3 = 0 (16)

We express a by :

a = 2b.Qgr .10
−3 (17)
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Then the optimum value of the average train weight Qop will be:

Qop = a

2b.10−3 (18)

The resulting expression can be used to determine the optimum value for the average
train compound.

Since Qgr = lc.q, a m = lc
14 = Qgr

14.q we have:

mc = Qop
gr

14q
= a

28 q.b.10−3 ≤ mc = Ls − Ll
14

(19)

Where mc is the train’s train size limited by the length of the station’s receiving and
departing tracks, m; lc− train length, meters.

4 Summary

An important element in organising the operational work of railways is the weight and
length of goods trains affecting the throughput and carrying capacity of sections. One
of the main solutions for increasing the carrying capacity of freight sections and routes
is to optimise the weight standards and running speeds of goods trains and to efficiently
distribute the traction capacity of the locomotive fleet.

The above methodology provides a consistent solution for setting the average train
weight, the length of the receiving track and the average train composition.

5 Conclusion

1. The main factor that has a significant impact on the capacity of a rail line is the
locomotive performance depending in turn on the average weight of the train and
the running speed.

2. A certain average train weight corresponds to the maximum carrying capacity devi-
ating from this value either to the lower or to the higher side will result in a negative
result - a reduction in carrying capacity.

3. When determining capacity the average train weight should be used rather than the
weight standard set in the train timetable.

4. With constant station track lengths the difference between the average train weight
and the graphical weight standard shows that there are reserves for increasing the
train weight.
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