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RESEARCH OF UNIT TRAIN LOADING TECHNOLOGIES
AT THE SIDINGS OF GRAIN ELEVATORS WITH THEIR SHUNTING
LOCOMOTIVES

Summary. The purpose of the study is to increase the unit train load efficiency at the elevators
having their shunting locomotives. The research is based on the analysis of time series, methods of
organizing the operational work of railways, and methods of traction calculations. The paper considers
the problem of organizing shunting work at elevators when loading grain unit trains. Critical wear and
tear of shunting locomotives in railway transport of general use necessitates using their locomotives at
the elevators. As a result of the research, the dependence of the duration of shunting and cargo
operations on the number of cars in the unit train and on other factors was established. Various types of
shunting locomotives were compared. Based on the analysis, it was established that it is advisable to use
four-axle shunting diesel locomotives with hydraulic transmission for shunting work at the elevators. The
traction force of such locomotives is sufficient to deliver empty cars to the elevator at a speed of 14-15
km/h. Loaded cars can be removed at a speed of 14-15 km/h with a slope of the connecting track up to
2-5 %o. With greater slopes, the removal of loaded cars should be performed at a speed of 5 km/h. The
main factor affecting the duration of shunting operations is the distance of delivery and removal of cars.
Technologies for loading the grain unit trains at the elevators, providing for the presence of cars at the
loading stations for two and three days, have also been developed. The main factor affecting the duration
of unit train loading is the staff of locomotive assembly teams. The originality of the study is in obtaining
the dependence between the parameters of the technical support of the elevators and the duration of the
presence of cars in the connecting station — elevator’s siding system. The practical value of the paper is
that its results can be used in the design of the reconstruction of existing and construction of new
elevators, as well as in the estimation of costs associated with various loading technologies of the unit
trains for the corresponding sidings.

Key words: railway transport; grain elevator; grain cargo transportation; unit train; siding;
shunting locomotive.

1. INTRODUCTION

Today, grain is one of the vital export goods of the domestic economy and a crucial cargo transported by
railway transport. Its share in the freight transportation structure of Ukrzaliznytsia JSC has reached 21 %. One
of the problems to be solved to increase the competitiveness of domestic grain on international markets is the
reduction of logistics costs for its transportation to seaports or land border crossings. When transporting by rail,
the most effective technology that ensures a decrease in transportation costs is route planning. One of the tasks
that has to be solved when implementing routed freight grain transportation is the performance of shunting work
at the loading stations. Therefore, the problem of the article, which is aimed at improving the technical support
and technology of shunting work at the sidings of elevators, is relevant.
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The requirements for the infrastructure design for loading grain into the cars are given in «Standards
for technological design of grain receiving enterprises and elevators» (hereinafter Standards). These
Standards are valid, but they were created in the USSR and approved in 1988 for working conditions in a
different economic system. It should be noted that the Standards were developed based on the condition of
the most effective use of railway cars and shunting locomotives. At the same time, fulfilling the requirements
specified in Standards regarding the technical support of elevators when loading unit trains is connected
with the creation of significant reserves of the processing capacity of the cargo handling terminals of the
elevators. In conditions where about 60 % of grain carriers in Ukraine are private, and the level of wear
and tear of shunting diesel locomotives of Ukrzaliznytsia JSC is approaching 100 %, the duration of unit
train loading for each enterprise should be established based on a technical and economic comparison of
technology options.

The study of the problem of routed grain transportation has a long history. The first scientific articles
with suggestions about routed grain cargoes date back to the beginning of the 20th century. At the same
time, there were attempts to form grain unit trains, but due to organizational shortcomings, these attempts
turned out to be economically ineffective. Scientific methods of organizing the routed grain transportation
were formed in the USSR. The works of I. H. Tykhomirov, V. T. Osypov, M. L. Orlov, V. V.
Povorozhenko, A. P. Petrov and other authors are devoted to this problem. The specified methods form the
basis of the car traffic volumes organization, which is still used on the railways of Ukraine today [1].

It should be noted that in [1], the efficiency of routed freight conveyance is evaluated without
analyzing its influence on the operating conditions of shippers and cargo receivers. Standards and [1] formulate
such requirements for the organization of transportation, which ensure the minimum transportation costs for the
carrier at the expense of increasing the transportation costs for shippers. The disadvantage analysis of this
approach is given in [2]. Traffic volumes of grain cargo, in contrast to other bulk cargoes, originate at
many small enterprises. Therefore, the processes associated with the concentration of cargo traffic volumes
to route batches significantly influence the overall logistics costs of grain transportation and cannot be
considered in isolation from grain transportation by rail.

The largest grain exporter in the world is the USA. Conveyance by routed freight here began to be
used when transporting grain for export in the mid-60s of the 20th century [3]. Changes in grain logistics in
the USA started in the 1970s in response to a sharp increase in the demand for grain in the global market
[4]. Research performed in [5] shows that with an increase in the number of cars in trains, the costs of
grain transportation decrease and the carrying capacity of railways increases. Therefore, the US railways
began transporting grain cargo by increasingly long trains to increase competitiveness. The main
technology used today for grain transportation by rail in North America is the shuttle train [6, 7]. This
technology involves abandoning the use of shunting locomotives. Trains consisting of 75-120 cars move
between loading and unloading points according to a schedule agreed in the contract for 6-9 months
without reshaping and uncoupling train locomotives at loading stations.

Routed freight conveyance of grain cargoes is shown as the crucial method of increasing the grain
transportation efficiency in Ukraine in the works of various researchers [8, 9]. The problems of the
domestic grain delivery system for export are related to the low loading capacity of the elevators [10].

Therefore, as shown in the study [11], in Ukraine, similarly as in the USA, it is expedient to create a
network of nodal elevators to ensure export transportation of grain cargoes by unit trains. On the one hand,
solving this problem requires improving the design of the elevators themselves [10]. On the other hand, the
organization of interaction between elevators and the railway carrier also needs improvement. The analysis
performed in [12] shows that in the conditions of Ukraine, the possibility of unit trains loading without
shunting operation is limited. Therefore, determining the rational level of technical support and effective
technology for shunting operation at the elevators is currently relevant for Ukrainian railways and needs to
be solved. Ensuring the competitiveness of domestic grain on world markets is an essential task for the
economy of Ukraine. At the same time, the reduction of logistics costs in the grain delivery chain from the
producer to the transshipment point (seaport, land border crossing) is possible only with the coordinated
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work of all its elements. The American technology of shuttle trains, when elevators are serviced by grain
trains according to the schedule, can be taken as the basis of grain transportation technology in Ukraine.
However, considering the peculiarities of Ukrainian grain logistics mentioned above, this study
investigates the element of car circulation related to shunting operation at the elevator’s sidings and
connecting station, which is absent when using a shuttle train technology.

2. PURPOSE
The aim of the study to increase the loading efficiency of unit trains at the elevators, having their
shunting locomotives. The research task is to establish the relationship between the technical support parameters
of elevator’s sidings and the duration of cars’ staying in the connecting station-elevator’s siding system.

3. METHODOLOGY
Grain transportation by rail has many features compared to other bulk cargoes. First, significant
seasonality is characteristic of grain loading. The analysis of time series for grain transportation was
performed to assess its level. Fluctuations in the transportation volume were assessed by the unevenness
coefficient, which was defined as the ratio of the monthly cargo transportation volume to the average for
the year. Fig. 1 presents the coefficients of monthly unevenness of grain transportation by railways of
Ukraine compared to iron and manganese ore. While the ore transportation volume deviates from the
annual average by 5 %, the volume of grain transportation deviates by 46 %.
Secondly, a characteristic feature of
16 railway transportation of grain cargo is the
|4 dispersion of grain loading at a significant
12 number of stations. Therefore, individual
Lo elevators are characterized by even greater
0.8 irregularity. For example, Fig. 2 shows the
0.6 dynamics of grain loading volumes by week
of the year at one of the large elevators.

Unevenness coefficient

::; In general, grain loading volumes in
0.0 Ukraine are insufficient for the creation of
12 3 045 6 7 8 9 10 11 12 elevators ensuring daily unit train formation, as
Numbers of the months of the year this leads to an irrational increase in the grain
—e— Gain - Ore transportation distance by road transport from

farms. The studies performed in [12] show that it
is rational to load the unit train once or twice a
week. As a result, the load level of technical
equipment and the number of employees will
significantly fluctuate during specific days and
throughout the year. It increases the payback
period of investments in the development of the
loading capacity of elevators.

This research examines elevators built
according to a dead-end scheme, which have
their shunting locomotives and are adjacent to
intermediate stations. It is assumed that the

0 arrival and departure of trains with cars to the

0 4 8 1216 20 24 28 32 36 40 44 48 52 connecting station are carried out according to
Numbers of weeks in the year the schedule at the same time of day. Therefore,

Fig. 2. Unevenness of grain load at the elevator the time unit trains stay at the elevator’s station

Fig. 1. Unevenness of grain and ore transportation by
Ukrainian railway transport

Number of cars
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and sidings is determined by whole days. In the congestion period, the work with unit trains at the connecting
station is performed on two tracks, whose assignment may change between them. A unit train with empty
cars arrives at one of the tracks, and a loaded unit train is located on the other. The total duration of
occupation of both tracks includes operations for re-coupling a train locomotive and sending a loaded unit
train and does not significantly affect the working conditions of the station and its service to other railway
customers. One track must be used constantly to work with the unit train; such a track must either be built or
selected from the existing track reserves. The simultaneous arrival of more than two unit trains at the
connecting station is not considered in this study due to the accepted limitations of track layout.

The carrier (Ukrzaliznytsia JSC) at the elevator’s connecting station performs the operations of
securing the empty train, uncoupling the locomotive, acceptance-delivery operations with empty and
loaded cars, running of train locomotive from the empty train to the loaded one, coupling the locomotive,
testing the brakes, removing the brake pads and dispatching. The duration of technological operations at
the connecting station and the elevator are random values. It is necessary to additionally provide a time
reserve to ensure the fulfillment stability of the traffic schedule under the influence of random factors. It is
assumed that the total duration of technological operations performed by the carrier, taking into account
the time reserve, is 16 hours: 4 hours upon arrival and 12 hours upon departure.

Hopper cars are mainly used for grain transportation on the railways of Ukraine. They are loaded
through the roof hatches. The process of car loading with grain includes cargo, technical and commercial
operations. The pace which is necessary for the unit train loading can only be provided when grain is
loaded by the hopper method. At the same time, the loading duration is determined by the capacity of the
hopper and by the productivity of the bucket hoists filling the hopper with grain and is defined as:

T = min(Th,Tb), (D)
where T, — duration of car loading based on the hopper capacity, min; T, — duration of car loading based
on the bucket hoists productivity, min.

The duration of the car loading m, , based on the hopper capacity, is determined by the formula

6000
Th = mgyr (C—hc +laux j * Torep + tin: (2)

where Q, — carrying capacity of the car; C, — throughput capacity of the hopper, t/h; t,,, — duration of

auxiliary operations, min; t — duration of preparatory and final operations, min;

prep ! tfin
Capacity of the hopper:

C = 2655714y pA(D - 2)>, 3)
where n,, — the number of outlet pipes; p — bulk grain mass, t/m?, A1 — grain mass leakage coefficient;

D - outlet pipe diameter, m; a— grain size, m.

Auxiliary operations include opening the hatch covers of the car, lowering the loading pipes into the
car, starting the grain, raising the loading pipes and adding grain, closing the hatches, and changing cars at
the cargo handling terminal. When performing these operations consecutively, their total duration is about

t,.x =10.8 min. An increase in the number of people and partially parallel execution of auxiliary operations

allows for reducing the time expenditures up to t,,, = 4.5 min.

Preparatory and final operations include negotiations between the assembler and the grain loading
supervisor and, if necessary, securing the shunting winch rope before loading and releasing it after the
finish. Time expenditures for preparatory and final operations are 2—7 minutes per submission.

The duration of the car loading my, based on the bucket hoists productivity is determined by
the formula:
Tl =60 mdurQu _Qh ’ (4)
Phkukc
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where Q, — hopper capacity, t; P, — bucket hoists productivity, t/h; k, — utilization coefficient of the

bucket hoists productivity when feeding grain into the hopper; k. — the coefficient which takes into

account the bucket hoists productivity decrease when transporting the grain with a different bulk weight
than that of wheat.

The total loading duration of a group of 18 cars is about 360 minutes. According to the requirements
of Standards, the technical support of the cargo handling terminal of grain unit trains should be designed
subject to the division of the unit train into two or three supplies and loading one supply within 220
minutes. Some operations must be performed in parallel to achieve such a loading rate, which requires both
a complication of the elevator’s technical equipment and an increase in the number of workers involved.
The parallelism of operations can be achieved due to the parallel loading of several cars on one
technological line or the construction of parallel loading lines.

Shunting operation at the elevator includes direct shunting movements and initial and final
operations. Shunting locomotives and shunting winches can be used as shunting engines. This study
examines the possibility of using consumed shunting diesel locomotives with hydraulic transmission at the
elevators. One of the main parameters of shunting diesel locomotives is the number of axles. Therefore,
they can be divided into groups. Their characteristics are given in Table 1.

Table 1
Characteristics of shunting diesel locomotives
Parameter TGK2 TGM23 TGM4 TGM6
Number of axes 2 3 4 4
Estimated speed, km/h 5 10 5 10 5 15 8,7 14
Long-term traction force, kN 70.6 35.7 125.5 63.7 225.5 88.3 246 138.0
Weight, t 28 44 80 90

The maximum weight of the car supply that can be moved by a shunting locomotive is determined
by the formula:

1000 Ft kecj/t B P

Qsup = (w+9,81i,)

' ®)

where F, — locomotive traction power under standard atmospheric conditions, kN; k.. — coefficient which

takes into account diesel power decrease due to environmental changes; y, — coefficient which takes into
account decrease in the locomotive traction power during operation; w — specific movement resistance of
the rolling stock, N/t; i, — track slope, %o; P —locomotive weight, t.

The dependencies of the number of loaded cars, which can be moved by a shunting locomotive, on
the track slope is shown in Fig. 3.

Analysis of the obtained dependencies shows that two- and three-axle diesel locomotives usually do
not have enough power to remove the loaded cars from the elevator to the connecting station. The four-
axle diesel locomotives, TGM4 and TGMS6, have sufficient power to move the loaded car groups from the
elevator to the station. In both cases, the empty trains can be transferred from the connecting station to the
elevator in train mode at 14-15 km/h. The loaded cars can be transferred in train mode only with favorable
longitudinal profile of the connecting track when it is located on a slope or a slight hill (up to 2 %o for
TGM4 and up to 5 %o for THM®). It is possible to remove the loaded cars to the connecting station in
shunting mode using TGM4 with the calculated slope of the connecting track up to 9-10 %0 and TGM6
with the slope up to 10-11 %o. In this study, it is assumed that the movement speed of the loaded car
groups from the elevator to the station is 5 km/h.




Research of unit train loading technologies at the sidings of grain elevators with ... 77

I~
h

2
=

n

Fig. 3. Dependencies of the number of loaded cars, 10
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Taking into account that the cargo handling terminals’ tracks must be located on a horizontal site, it
is accepted that the shunting locomotive’s power is sufficient to rearrange the shunting train consisting of

m, /3 loaded and m, /3 empty cars when changing the wagons at the cargo handling terminal (where m is
the number of cars in grain unit train). When dividing the train for loading into two parts during the change
of cars at the cargo handling terminal, it is necessary to rearrange the shunting train with m, / 2 loaded and

m, /2 empty cars. As a rule, the power of four-axle shunting locomotives is not enough to perform such an

operation. Therefore, the case of dividing the train into three parts is considered in the future.

The track layout of the elevator’s siding should include a loading track, two set-out tracks and a
dead-end track for equipping and servicing the locomotive. The transmission track for the unit train
formation should be provided at the station. The length of the set-out tracks of the elevator should be equal

to I, /3 (where I, is the route length, m). If the shunting locomotive moves the supply of cars when
loading, the length of the loading track must be at least Ir/3. In the case when the car supply is moved by a

shunting winch during loading, the length of the loading track should be at least 2Ir/3.

Shunting operation includes supplying empty cars from the station to the elevator’s siding, moving
cars between the loading and set-out tracks and removing loaded cars from the elevator’s siding to the
station.

The number of cars in the shunting train during their supply and removal to the connecting station
depends on the lead track length used for shunting. According to the design standards [13], the length of
the lead track should be from 200 m to half the useful length of the receiving-departure tracks at the
station. Considering the requirements [13], and the restrictions of the locomotive traction power, this study
analyses the case of dividing the train into three parts during the transfer of empty and loaded trains
between the station and the elevator’s siding.

The calculation scheme for determining the time required to deliver an empty train from the station
to the elevator’s siding is shown in Fig. 4. The time expenditures for shunting include the time spent for the
movement of the shunting locomotive with and without the cars, testing brakes, coupling and uncoupling
the locomotive, uncoupling and coupling the car groups, installing and removing brake shoes, transfer of
commands and messages between the employees.

The time expenditures for these operations were determined according to the methodology presented
in [14]. According to this, the time spent on the empty train’s rearrangement from the connecting station to
the elevator is equal to:
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Te =19.0+0.024(Lgy +1y) +0.7my, (6)

where L - the distance of supply-removal of cars to the elevator’s siding, m; |, — length of the yard

yn
neck, m.

/3 143 13 lyn

o — — — — — —

Sta't_io_n’_s_t_rgn_smission track

—~——~—" Legend:
W3 ~ -idle run
Lsr . - - working run
Elevator tracks

Fig. 4. Calculation scheme for determining the time spent
on empty cars’ moving from the station to the elevator industrial sidings

According to a similar method, the time required for moving the car groups between the set-out and
loading tracks and the train loaded with grain from the elevator’s siding to the station was determined. The
total time expenditures for rearranging the car groups are:

Teg =64.0+0.072(Lg, +Iyn)+0.1len +2.5m, (7)

where |, —the neck length of the elevator’s siding, m.

The cars during grain loading can be moved using a shunting winch to reduce the loading of the
shunting locomotive. Given this, it is forbidden to leave the cars without a locomotive at turnouts; the
loading track must correspond to the length of two car supplies. As a result, the duration of shunting
movements is increased by moving the length of two trains, coupling and uncoupling the shunting winch,
coupling and uncoupling the shunting locomotive, and air-filling the brake system of the last car group.
The total time spent on rearranging the car groups in this case is:

Tegr =82.0+0.072(Lg, + Iyn)+0.1len +2.9m,, (8)

The analysis of formulas (7) and (8) shows that the main factor affecting the movement duration of
shunting locomotive is the distance of supply-removal of cars. Thus, a change in the distance of this
supply-removal by 5 km leads to a change in the duration of shunting operations up to 360 minutes. At
the same time, changing the train length within ten cars affects the duration of shunting operations by
25-29 minutes.

4. FINDINGS

Graph-analytical modelling [15] of the operation of the elevator’s stations and sidings with their
different technical equipment was performed to determine the loading capacity of the elevators depending
on the parameters of their technical equipment. According to the research results, the following was found.

With the accepted variants of technical equipment, it is impossible to ensure the unit train location in
the connecting station-elevator’s siding system for more than one day. This is because the accepted
duration of technological operations performed by the carrier is 16 hours. It is impossible to process the
required cargo and shunting operations in 8 hours. Track capacity should be added at the station or the
elevator for car staging to ensure the departure of trains every day during peak periods.
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When solving the problem of staying on the unit train in the connecting station-elevator’s siding
system for two days, the main restricting element is the continuous working time of the shunting team. It
can work continuously for no more than 12 hours with a 12-hour break. In this case, the loading of the unit
train can be performed according to the following technology variants.

Variant 1: grain loading and shunting operation is performed around the clock, as shown in Fig. 5.

Operations Time, h

. . 4
Operations upon arrival,
empty cars transfer

Rearranging the empty
cars to the elevator, 28

Fig. 5. The schedule of loading the unit train with  |j0ading the cars, _

the participation of two shunting teams and two  |rearranging the loaded
loader teams during two days cars to the station
Time reserve, transferring 16

the loaded cars, shipping
operations

Legend: - shift 1 - shift 2

Locating the unit train cars in the connecting station-elevator’s siding system for two days can also
be implemented using shunting winches to move these cars when loading.

Variant 2 provides for the car loading at the one track, as shown in Fig. 6. In this case, before the
start of the second shift, the first and the second car supplies must be loaded, and the third one must be
spotted for loading. The cargo handling terminal should provide simultaneous grain loading into two cars
to intensify the operations. One car at a time can be loaded in the second shift. Therefore, three loader
teams must work at the elevator.

Operations Time, h
. . 4
Operations upon arrival,
empty cars transfer

Rearranging the empty
cars to the elevator, 12

loading the cars of the 1 _

and 2 supplies, spotting
the 3 supply for loading

Fig. 6. The schedule of loading the unit train
with the participation of one shunting team Loading the cars of the 3 &
and three loader teams during two days on supply
one loading siding

Rearranging the loaded

cars to the station -

Time reserve, transferring 16
the loaded cars, shipping

operations

Legend: - shift 1 - shift 2

Variant 3 also provides for staying for two days the unit train cars in the connecting station-elevator’s
siding system. It consists of creating two parallel loading lines at the elevator. The organization procedure for
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variant 3 is shown in Fig. 7. In this case, during the first shift, 1 supply should be loaded, and 2 and 3 supplies
should be placed on loading tracks 2 and 2. The groups 2 and 3 are loaded sequentially during the second shift.
When using this variant, it is necessary to have two loader teams, one for each shift.

Operations Time, h

. . 4
Operations upon arrival, i
empty cars transfer

Rearranging the empty
cars to the elevator, 12

loading the cars of the 1 _

and 2 supplies, spotting
the 3 supply for loading

Fig. 7. The schedule of loading the unit

train with the participation of one shunting
Loading the cars of the ﬁ team and two loader teams during two days
supplies 2 and 3 on two loading sidings

. 4
Rearranging the loaded -
cars to the station
Time reserve, transferring 16
the loaded cars, shipping
operations

Legend: - shift 1 - shift 2

Variant 4 is in the fact that one shunting team and one loader teamwork at the elevator. In such
conditions, the cars are loaded only during the day shift, and at night, the technical equipment of the
elevator and the cars in the unit train are idle, as shown in Fig. 8. It takes three days to load the unit train.

Operations Time, h
. . 4
Operations upon arrival,
empty cars transfer

Rearranging the empty
cars to the elevator, 12

loading the cars of the 1 _

and 2 supplies, spotting
the 3 supply for loading

12

Loadi
oadl_ng the cars of the \f\f\/_

supplies 2 and 3

Rearranging the loaded 2

cars to the station ol

Time reserve, transferring 16

the loaded cars, shipping

operations

Legend: - shift 1 - shift 2

Fig. 8. The schedule of loading the unit train with the participation
of one shunting team and one loader team during three days on one loading siding

Preliminary analysis has shown that the most competitive are 1 and 3 variants.
The advantage of the work organization, according to variant 1, is the smallest size of the land plot
for the elevator, the minimum capital investments in loading equipment and track layout of the siding, and
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the possibility of minimizing operating costs under conditions of drop in the transportation volume. The
disadvantage of this variant is the need to maintain two shunting teams for seasonal work.

One of the teams should have the right to go to the connecting station. The other can only work
within the siding. Provided sufficient territory, the elevator’s loading track can be extended and equipped
with a winch. In this case, the work of the shunting team in the second shift will consist only of rearranging
the groups of cars between the set-out track and the loading track. Other elevator employees can perform
these functions in the conditions of positions overlap.

Variant 3 with two loading lines is considered the basic for unit train loading, as in Standards. The
advantage of this variant is the possibility of increasing the loading rate compared to variant 1, but it is
characterized by the need to create and maintain significant reserves of the processing capacity of cargo
handling terminals.

Steady seasonal fluctuations in the grain loading volume (see Fig. 1 and Fig. 2) lead to similar
fluctuations in the need for grain cars. It is advisable to use the cars as wheeled warehouses with the
transition of the elevators to one-shift work according to variant 4 to reduce the grain transportation cost
during the periods of reduced loading volumes. The disadvantage of all variants for the operation of the
elevator with its shunting locomotives is the seasonality of work and the low average occupancy of the
shunting teams. The problem can be partially solved by the positions overlap. However, in this case, the
elevators’ operational stability may be at risk due to illnesses, vacations, and other factors related to
individual workers. Also, due to the operation of only one locomotive at the elevator, it is economically
impractical to create a locomotive reserve in case of failure. In this regard, in grain-growing areas, it is
advisable to create specialized enterprises that provide either transport services with shunting locomotives
or only the shunting team services. At the same time, it will be possible to perform shunting operations at
the elevators under the conditions of outsourcing. Efficiency evaluation of the creation and functioning of
such enterprises requires additional research.

5. ORIGINALITY AND PRACTICAL VALUE
The originality of the study is that the dependencies between the parameters of the technical support
of the elevator’s siding and the duration of cars’ staying in the connecting station-elevator’s siding system
were obtained.
The practical significance of the work is that its results can be used in the design of reconstruction of
existing and construction of new elevators, as well as in the estimation of costs associated with various
technologies for loading grain unit trains.

6. CONCLUSIONS

The conducted research allows us to draw the following conclusions:

1. Under the conditions of critical wear and tear of the shunting locomotives of Ukrzaliznytsia JSC,
the task of developing technical and technological solutions to ensure grain loading of the unit
trains using the elevators’ shunting locomotives is urgent.

2. It is advisable to use four-axle locomotives with hydraulic transmission to perform shunting
operations related to the supply-removal of cars of the unit trains and their rearrangement
between the elevators’ tracks. The traction force of such locomotives is sufficient to feed empty
cars to the elevator in train mode at a speed of 14-15 km/h. Removal of loaded cars can be
performed in train mode when the slope of the connecting track is up to 2-5%.. With larger
slopes, the removal of loaded cars should be performed in shunting mode at a speed of 5 km/h.
The main factor affecting the duration of shunting operations is the distance of supply and
removal of cars.

3. The variant of loading grain with the participation of two shunting teams on one loading track or
with one shunting team on two loading tracks is the competitive technology ensuring the
location of the unit train’s cars in the connecting station-elevator’s siding system for two days.
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During the period of a seasonal drop in the grain loading volume, it is advisable to switch to
grain loading with the participation of one shunting team on one track for three days.

4. The stability of the elevators with their shunting locomotives will depend significantly on the
locomotive shunting teams and the technical condition of the diesel locomotives. In this regard,
in grain-growing areas, it is advisable to create specialized enterprises that provide either
transport services with shunting locomotives or only the shunting team services. At the same
time, it will be possible to perform shunting operations at the elevators under the conditions of
outsourcing.
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JOCJIIXKEHHS TEXHOJIOI'TI HABAHTAKEHHSA
BIJIIPABHUIIBKUX MAPIIPYTIB HA I’ I3HUX KOJIAX
3EPHOBUX EJIEBATOPIB 3 BIACHUMU MAHEBPOBUMMH

JJOKOMOTHUBAMUA

Anomauia. Memoio pobomu € nioguujents ephexmueHocmi HABAHMAIICEHHS BIONPABGHUYLKUX
MApwipymie Ha eneeamopax, wjo Maromy G1ACHI MAHe8pOsi J0KOMOmMuUsU. J{ocniodcenus UKOHAHO
HA OCHOB8I AHANI3Y YACOBUX ps0ie, Memooi8 opzaHizayii excniyamayitinoi pobomu 3anizHuyb ma
Memooie ma2o8ux po3paxyukie. Y pobomi poszzianymo npobaemy opeauizayii manesposoi pobomu
Ha enesamopax i3 3a8aHmadICenHs: 3epHosuUx mapuipymis. depe3 Kpumuune 3HOUEHH MAHEBPOBUX
JIOKOMOMUBIE 3ANIBHUUHO20 MPAHCHOPMY 3A2a1bH020 KOPUCHYBAHHS HA e]leeamopax 00800UMbCS
suUKopucmogysamu 61acHi jokomomusu. Ili0 uac O0o0cniodHceHHA BCMAHOBIEHO 3ANEHCHOCI
MPUBANOCMI MAHEBPOBUX MA BAHMAIICHUX ONepayiil 8i0 KIMbKOCMI 8A20HI6 Yy Mmapuipymi ma 6i0
iHwux axkmopie. Buxonano nopisHAHHA PI3HUX MUNIE MAHE8posux aokomomuesis. Ha niocmasi
aHanizy 6CMAHOBNEHO, WO OJid BUKOHAHHA MAHe8PO8oi pobomu Ha enesamopax OOYilbHO
BUKOPUCMOBYBAMU YOMUPUBICHI MAHEBPO8i Mennogo3u 3 2iopasniunoio nepedadero. Cuna msaeu
MAaKux 10KOMOMUBI8 00CMAmMHsL OJis1 NOOABAHHS HA e/leBamop NOPOICHIX 8A20HI6 3i weuUoKicmio 14—
15 xkm/200. 3abupamu 3aeanmasiceni 6azoHu modxcua 3i weuoxicmio 14—15 km/200 3a yxumy
3’€0Hy8anvHoi konii 00 2-5 %o. 3a Oinbuwux yxunie 3a0UPAHHA 3A6AHMANCEHUX BA2OHIE NOBUHHO
30ilicHiosamucs 3i weuokicmio 5 km/200. OCHOGHUM (DAKMOPOM, WO BHAUBAE HA MPUBATICHb
Manesposux onepayill, € 6i0CMAaHb NOO0AGAHHS MaA 3a0upanus 6azownie. Pospobneno mexnonoeii
HABAHTNAMCEHHS 3ePHOBUX MAPWPYMIE HA efegamopax, wo nepeobayarms nepedysants 6a20Hie Ha
CMAHYIAX HABAHMAICEHHS NPOMALOM 080X Ma MPbox 0ib. Bcmanoeaeno, wjo oCHOGHUM paxmopom,
AKUU 8NAUBAE HA MPUBANICb HABAHMANCEHHS MAPUWIPYMIE, € WmMam npayieHUuKie J10KOMOMUBO-
ckaadanvuux opuead. Haykoea mosuzna noasieae y GU3HAYEHHI 3ANEHCHOCMI MidC napamempamu
MeXHIYHO020 3a0e3NeUeHHs enesamopie ma mpueanicmio nepedy8ants 6a2oHie y cucmemi “‘cmanyis
NpUMUKanus — nio ‘isna xonis eareeamopa’. Ilpaxmuyne 3HauenHss pobomu noasieac ¢ momy, wo ii
Pe3yIbmamuy  MONCHA SUKOPUCTNOBYBAMU NI YAC NPOEKMYBAHHS DEKOHCMPYKYIl HAA6HUX ma
0yOi6HUYMBA HOBUX eNesamopie, d MaxKoxc 015 OYIHIOGAHHS eumpam, NO8 s3aHUX i3 pIHUMU
MEXHONOSISIMU HABAHMAICEHHS MAPUPYMIE HA BIONOGIOHUX NI0 I3HUX KOJLISIX.

Knrouoei cnoea: 3aniznuunuii mpancnopm,; 3epHOBULL enesamop; HNepede3eHHs 3ePHOBUX
BAHMADICI8; BIONPAGHUYLKUL MAPWPYM, Ni0’ I3HA KON, MAHEEPOBULL TOKOMOMUS.



