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Determination of the efficiency of the modernization of passenger car bodies

The authors determined the intensity of the increase in wear of various elements of the body. It has
been established that the lower trim, the roof slope and the lower part of the side wall have the greatest
wear. It is proposed to use aluminum alloys for the modernization of passenger car bodies. The
advantage of such a technical solution is an increase in the corrosion resistance of the body. The
reduction of tare allows to reduce the specific resistance to train movement, reduce fuel and electricity
costs for train traction. To reduce operating costs using the basic provisions of the locomotive traction
theory, calculations were made to determine the energy consumption for the movement of a passenger
train according to the profile conditions of the real section of the regional branch of the Southern
Railway by diesel and electric locomotive traction with the base variant and the variant of passenger
cars with reduced tare weight) in composition of the train. It has been established that the annual
savings in energy costs for the traction of passenger trains when using passenger cars with a reduced
tare weight is about 1 million UAH.

Key words: passenger car, body, resource, wear, modernization, economic effect.

Introduction. Railways of Ukraine have been the main element in passenger transportation for many
years. They own up to 40% from the total passenger traffic.

But the share of passenger transportation by rail is steadily decreasing. One of the reasons is the
significant wear and tear of rolling stock. The vast majority of the inventory of passenger cars owned
by the "Passenger Company" branch has already exhausted its resource, since these cars were mainly
built in the second half of the 20th century. Accordingly, outdated cars do not allow to increase the speed
of movement. Not the least role is played by the poor quality of passenger service.

Increasing the efficiency of railways requires the use of new innovative technical solutions in the
construction of non-traction rolling stock.

Analysis of recent research and problem statement. A number of researches both in our country
and abroad are devoted to the issue of increasing the efficiency of the passenger economy. The results
of studies [1, 2] indicate that significant capital investments are required to update the passenger fleet
with new generation wagons and modernize the infrastructure. Given that passenger transportation for
JSC Ukrzaliznytsia is unprofitable, own funds are insufficient. Involvement of third-party investors is
necessary.
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Articles [3, 4] give the results of the analysis of the technical condition of the fleet of passenger cars
owned by Passenger Company JSC. The vast majority of passenger cars were built back in the times of
the USSR. Accordingly, their wear is about 90%. The authors come to the conclusion that the state of
passenger rolling stock has reached a critical limit and needs immediate updating.

As confirmation of these conclusions, the articles [5, 6] present the results of a statistical analysis of
the amount of wear and damage of metal structures of the frame and body of passenger cars of different
years of construction that have completed their service life.

The authors of the studies [7, 8] believe that in the conditions of chronic underfunding, the overhaul
of passenger cars with the extension of their service life is a completely reasonable alternative to the
purchase of newly built cars in order to provide railways of Ukraine with passenger cars of a modern
level of safety and comfort.

The articles [9, 10] consider possible options for the organization of repair and maintenance of
passenger cars after overhaul.

The structural requirements for the design of passenger cars are set out in the normative document
[11]. The issue of the use of composite materials for the manufacture of rolling stock bodies is
considered in the article [12].

The article [13] provides an assessment of the technical and economic indicators of the operation of
the existing traction rolling stock when moving passenger trains, taking into account the operating
conditions.

The authors of study [14] proposed to improve the method of calculating the operating costs of
passenger transportation by determining the energy costs of train traction for various types of passenger
traction rolling stock, taking into account the indicators that change under the influence of increasing
speed, developed an economic-mathematical model that makes it possible to determine the operating
costs and profitability of passenger train composition under various operating conditions.

In article [15], the issue of ensuring sustainable socio-economic development of railway transport of
Ukraine is considered in particular, and a methodical approach to determining the social effect of
maintaining passenger traffic in inactive areas is presented.

Paper [16] presents a methodical approach to determining the optimal running zones of passenger
trains of various types, which is based on reducing their operating costs and increasing the speed of
movement when changing the organization of traffic according to the new classification of trains, which
will allow to increase the economic efficiency or reduce the unprofitability of passenger transportation
and increase their competitiveness on the market of passenger transport services.

Article [17] examines ways of increasing the competitiveness of railway passenger transportation in
Ukraine. Attention is focused on increasing the efficiency of passenger transport by increasing the speed
of trains, increasing the quality of provided transport services and improving the comfort of passenger
transportation. A new approach to the evaluation of the efficiency of railway passenger transportation
is proposed.

Technical and economic indicators of railway passenger transportation are systematized in [18].
Also, this article provides an analysis of the dynamics of cost indicators and determines their impact on
the efficiency of these transportations through the determination of the reasons for the decrease in the
efficiency of the passenger complex of railway transport of Ukraine.

The purpose and tasks of the study. The purpose of this work is to study the effectiveness of
improving the structures of the bodies of passenger cars that have exhausted their resource. To do this,
it is necessary to determine which of the elements of the body structure have the greatest effectiveness
in operation, to propose technical solutions for the modernization of passenger car bodies and to
substantiate their economic feasibility.

Materials and methods of research. The diagnosis of wagons that have reached the end of their
service life (28 years) was carried out in the scope of an examination of their technical condition and
control tests of the metal structures of frames and bodies, over-spring beams and bogie frames of wagon
samples in accordance with the "Methodology of technical diagnosis of passenger wagons that have
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served the specified term, for the purpose of its continuation" I1JI-0070, approved by the order of
Ukrzaliznytsia No. 304-11 of June 25, 2008 [19].

Two types of cars were subject to inspection of the technical condition of the bodies of passenger
cars that had exhausted their service life: rigid compartment models 47D, 47K, built at the Waggonbau
plant Ammendorf (Germany), and non-compartment open-type (place card) models 61-425, 61-821,
built at the Kalininsky (now Tver) wagon-building plant. In total, about 540 wagons of various ranges
according to the years of construction were inspected.

Determining the technical condition of the cars was carried out by visual inspection followed by
thickness measurements. At the same time, attention was paid to the presence of cracks, fractures,
breaks, dents, wear, deformations, traces of repairs, corrosion damage, changes in the geometric shapes
of the elements of the car body and frame. The results of the inspection and the actual thicknesses of the
main load-bearing elements of the car were recorded in the technical condition maps. Measurements
were made from both the boiler room and the non-boiler side of the car.

The nominal values of the thicknesses of the elements are determined according to the working
drawings of the manufacturing plant. When inspecting the technical condition of the cars, schemes of
compartment and open (reserved) passenger cars were used.

During the analysis, the results of inspections of metal structures of cars were divided into five
conditional groups: cars with a service life of 29-32 years, 33-36 years, 37-40 years, 41-44 years, and
more than 45 years. At the same time, the nominal values of the thickness of the structural elements of
the car and the actual values of the thickness, taking into account the amount of wear, were compared.
This article deals with damage to the most vulnerable elements of the body.

The lower harness of the car. In the cars, measurements of the amount of wear of the lower harness
were carried out both on the left side and on the right side of the car (Fig. 1).

Fig. 1. The scheme of carrying out measurements of the lower binding

In open-type wagons, the maximum value of the trip was found on the working side of the vestibule
at point 2. Its value was equal to 4.5 mm. This is approximately 32% wear from the nominal thickness
of the metal. The maximum value of tripping in compartment cars was found, as in open-type cars, at
point 2. Its value is equal to 7.1 mm, which is 51% of wear from the nominal size.

As aresult of the study, the dependences of the increase in the intensity of activation for compartment
cars and open-type cars by year were obtained (Fig. 2).

It is obvious that they have a character close to linear. And the intensity of activation in open-type
carriages in all age groups is greater than in compartment carriages. This is especially typical for cars
with a service life of more than 45 years (exceeding almost twice).
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Fig. 2. Intensity of operation of the lower harness in compartment cars and open-type cars

Roof covering. The scheme for measuring the amount of wear of the roof cladding and displaying
the node is shown in fig. 3.
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Fig. 3. Scheme of roof sheathing measurements

The maximum value of the opening of the roof covering in non-compartment type cars on the left
and right sides of the car was found at points 2 and 02 — 0.7 mm with a nominal thickness of 2 mm.

Accordingly, for compartment cars at these same points, the maximum amount of tripping was 0.6
mm.

The magnificent effect on the slopes of the roof is much greater. It is equal to 2 mm on both types of
cars. This is due to the fact that the same factors (weather conditions, constant moisture, etc.) act on the
slope of the roof cladding.

In fig. 4 shows the obtained dependences of the increase in the intensity of operation for rigid
compartment cars and open-type cars of the service life.
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Fig. 4. Intensity of operation of the roof slope in compartment cars and open-type cars

If in open-type cars with an increase in the service life there is a tendency to increase the tripping,
then in compartment cars — the opposite is the case.

Side wall. The measurement was made from both the right and the left side of the car in accordance
with requirements. The scheme for measuring the wear of the side wall and displaying the node is shown
in Fig. 5.
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Fig. 5. Scheme of side wall paneling measurements

For open-type cars, increased corrosive wear of the side wall cladding in the lower part in the window
space of the side wall is characteristic (point 4). The reason is the constant ingress of moisture in rainy
weather through open windows into the windowsill pockets where the mechanisms for raising and
lowering the windows are located. With closed windows in the compartment (or blind windows in the
passage), the presence of condensation in the cold season causes the appearance of moisture. The
maximum trigger value at point 4 was 1.8 mm.

The maximum value of the trip was detected from the side of the corridor along the car (ie in the area
of the location of the side seats for passengers) and at point 2 it was 2.1 mm.

For rigid compartment cars, the maximum actuation value was found at point 4, both on the right
side of the car along the side corridor, and on the left side, where the passenger compartments are
located. The trigger value is 1.5 mm on the right side and 1.4 mm on the left, respectively.

In fig. 6 shows the obtained dependences of the increase in the intensity of operation for rigid
compartment cars and open-type cars by year.
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Fig. 6. Intensity of activation of side wall cladding in compartment cars and open-type cars

In open-type carriages, a sharp increase in the intensity of sidewall activation is observed already
after 44 years of operation.

In compartment cars, the maximum intensity of side wall activation is typical for cars aged 41-44
years.

Spinal beam. The scheme for measuring the amount of wear of the spinal beam is shown in fig. 7.
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Fig. 7. Scheme of carrying out measurements of the spinal beam

For open type cars, the maximum trigger value is 6 mm, and for compartment wagons - 4 mm.
In fig. 8 the resulting dependences of the growth intensity of the spinal beam for rigid compartment
cars and open-type cars by year are given.
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Fig. 8. Intensity of operation of the spinal beam in compartment cars and open-type cars

The intensity of operation for open-type cars significantly exceeds this indicator for compartment
wagons. The nature of the distribution of the activation intensity is also different. If for open-type cars
it has a linear nature of growth, then for compartment cars in the period of 28-36 years it practically
does not change, and then there is an increase (more than 4 times).

End wall. Measurements were made from the working and non-working vestibule of the car. The
scheme for measuring the wear of the end wall and displaying the node is shown in Fig. 9.

2; 02

Fig. 9. Scheme of measurements of the end wall cladding
In open-type cars, the maximum value of the trip was detected from the boiler side of the car at point
2 and was equal to 0.9 mm at a nominal thickness of 2 mm. In compartment cars, the maximum trigger
value was detected from the boiler side of the car at point 1 and was equal to 0.8 mm at a nominal
thickness of 2 mm.
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In fig. 10 the resulting dependences of the growth intensity of the end wall for rigid compartment
cars and open-type cars by year are given.
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Fig. 14. Intensity of operation of the end wall in compartment cars and open-type cars

It is obvious that the patterns of operation are fundamentally different in different types of cars. If in
compartment cars the intensity tends to a smooth linear increase, then in open cars that have already
worked for more than 45 years, there is a six-fold increase in the intensity of operation.

The obtained results indicate that the lower harness, the roof slope and the lower part of the side wall
are most often damaged during operation of passenger cars. Therefore, it is expedient to modernize the
bodies of passenger cars during major renovations by replacing steel sheet and rolled steel with
aluminum alloy [20] in the specified places. Among the advantages of such a technical solution is an
increase in the corrosion resistance of the body, which significantly increases the service life of the
wagons, and a decrease in the wagon's tare weight.

The latter, in turn, allows to reduce the specific resistance of trains. This circumstance determines
the reduction of fuel and electricity costs for train traction, which allows to reduce the operating costs
of railway transport for energy consumption.

In the calculations, we assume that for the movement of passenger trains, the TEP70 diesel
locomotive is used for diesel traction, and the CHS4 AC electric locomotive is used for electric traction,
as those serving the movement of passenger trains in the direction chosen for the calculation study.

We will use the provisions of the theory of locomotive traction [21, 13], as well as some studies of
factors that affect the consumption of energy carriers [22, 23].

Determination of savings in yearly energy costs for train traction due to a reduction in the Mass of
the passenger car under the conditions of running on a specific route

Decreasing the tare weight of a passenger car makes it possible that reduce the specific resistance of
trains. This circumstance determines the reduction of fuel and electricity costs for train traction , which
allows that reduce the operating costs of railway transport for energy consumption ..

In the calculations, we assume that for the movement of passenger trains the TEP70 diesel
locomotive is used for diesel traction and the CHS4 AC electric locomotive is used for electric traction,
as those serving the movement of passenger trains in the direction chosen for the calculation study.

Fuel consumption for train operation of a diesel locomotive G4 he the site is determined by the fuel

consumption in even G 4 and odd G, 4 directions:

Ts+1
Gea = j Ge.q(T) X dT, (D
T

S
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Ts+1
%d=f Go.a(T) X dt. @
T

S

where T, is passage time of the locomotive with the passenger train of the section profile element.
The specific fuel consumption per meter of operational work (1000 pas-km) is determined by the
formula
o5 Gea(®) x du+ [ Go,q(7) X dr
P (Pe.d + l)o.d) X lT

x 103, (3)

where Py 4, P, g — the number of passengers following , respectively , in even and department directions
, pas .;
[, — the distance followed by the diesel locomotive at the head of the passenger train in an even or
department direction , km .

Electricity consumption for train operation of an electric locomotive A, he the section is determined
by the consumption of electricity in the even A, 4 and A, 4 odd directions.

Electricity consumption by directions is determined by formulas:

Ts+1
&d=f Aea(®) X d1, )
Ts

Ts+1
%d=f Aga(®) X dr. 5)
Ts

The specific consumption of electricity per meter of operational work (1000 pass-km) is determined
by the formula:

J2M Aeq(0) X dT + [ Ag q(T) X dT

x 103, (6)
(Pe.d + Po.d) X le

de =

where [, is the distance followed by an electric locomotive at the head of a passenger train in an even
or department direction, km.

We will use the main provisions of traction calculations that determine the energy consumption for
the movement of a passenger train under the conditions of the profile of the real section of the regional
branch "Southern Railway" by thermal and electric locomotive traction with the basic version and the
version of passenger cars with reduced tare weight (new version) in the composition train.

Characteristics of the profile of the area of the regional branch "Pivdenna zaleznytsia " are given in
table 1 and fig. 15 and 16 [1, 3, 4]. As can be seen from the given data, in the department direction the
prevailing profile is with a slope of 0...1%eo, in the even direction - 0...1%o. The total length of the freight
train rotation section is 344,502 km . The train has 6 stops he the section in both directions .
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Table 1. Site profile characteristics

. Percentage distribution of Percentage distribution of
Tilt range proﬁli elements, % Length, km proﬁli elements, % Length, km
Even direction QOdd direction
-16...-15 0.09 0.3 0 0
-15...-14 0 0 0 0
-14...-13 0 0 0.12 0.4
-13...-12 0.07 0.25 0.27 0.922
-12...-11 0.06 0.2 0.35 1,214
-11...-10 0.36 1.24 0.73 2,528
-10...-9 1.67 5.77 1.64 5,652
-9...-8 3.82 13,16 4.35 14,981
-8..-7 5.03 17,313 5.36 18,456
-7...-6 2.98 10.25 4.52 15,559
-6...-5 2.81 9,682 3.11 10,698
5.4 3.34 11,498 2.33 8,041
-4..-3 3.76 12.94 2.68 9,226
3.2 6.14 21,16 4.37 15,062
2..-1 9.57 32,965 5.17 17,795
-1...0 7.03 24,207 7.40 25,495
0...1 17.08 58,853 16.71 57,575
1..2 6.00 20,655 9.70 33,415
3.4 2.56 8,826 3.93 13.55
4.5 2.82 9,721 3.46 11,923
5..6 2.62 9,021 2.88 9,907
6..7 3.89 13,403 2.52 8,695
7.8 6.00 20,659 493 16,988
8..9 423 14,562 4.27 14.7
9..10 1.90 6,551 2.03 7.01
10...11 0.93 3.2 0.42 1.44
11...12 0.52 1,792 0.06 0.2
12...13 0.35 1,222 0.07 0.25
13...14 0.06 0.2 0 0
14...15 0.06 0.2 0 0
15...16 0 0 0.09 0.3
Together 100 344,502 100 344,502

To carry out traction calculations, in addition to the characteristics of the section profile, it is
necessary to specify the following data, both when using diesel locomotive and when using electric
locomotive traction:

1. Mass of the train in tons.

2. The number of cars in the train by type.

3. The average population of a car of a passenger train.

4. Technical speed.
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To determine these indicators, we will use the reference indicators of the schedule of passenger trains
on the section of the regional branch "Yuzhnaya zheleznaya doroga" for the year 2023, which are given

in Tables 2, 3 and 4.

Table 2. Output data for the traction calculation in the odd direction

. Station
Ch terist ; Togeth
aracteristic Formation 1 > 3 4 5 G ogether
Distance, km 242 | 1314 | 5491 | 34.6 56,56 42.84 344.51
Arrival, h.:min, 23:00 | 0:47 | 12 | 28 | 324 | 402
a.m a.m a.m
Departure, h.:min. 22:30 23:02 L0714 157 2:30 3:26
a.m a.m a.m a.m
Running time, hours 0.50 | 1.75 | 0.80 | 0.52 0.90 0.60 5.07
Time of stops , h. 0.03 0.33 0.03 0.03 0.03 0.47
Technical speed, km/h. 484 | 75.1 | 68.6 | 67.0 62.8 71.4 63.0
District speed, km/h. 454 | 63.1 | 659 | 62.9 60.6 62.3
Precinct speed 094 | 0.84 | 096 | 094 | 096 0.92
coefficient
Table 3. Output data for traction calculation in even direction
Station
haracteristi ; Togeth
Characteristic G 5 1 3 > 1 formation ogether
Distance, km 42.84 | 56,56 | 346 | 5491 | 1314 24.2 344.51
Arrival, h.:min. 119 2:12 2:43 3:33 >3l 6:27 am
a.m a.m a.m
Departure, h.:min. 0:39 121 2:14 2:45 3:53 3:34
a.m a.m a.m
Running time, hours 0.67 | 0.85 0.48 0.80 1.97 0.55 5.32
Time of stops, h. 0.03 | 0.03 0.03 0.33 0.05 0.48
Technical speed, km/h. 64.3 | 66.5 71.6 68.6 66.8 44.0 64.8
District speed, km/h. 61.2 | 64.0 67.0 48.5 65.2 59.4
Precinct speed 095 | 096 | 094 | 071 | 098 0.92
coefficient

Table 4. Output data for traction calculation

. Variant of the car
Characteristic -
base modernized

Total number of cars in the train 18 18
- compartment 15 15
- bedrooms 3 3
Number of seats in the carriage:
- compartment 38 38
- bedroom 19 19
Tare mass of the wagon, i.e.:
- compartment 56 54.5
- bedroom 56 54.5
Mass of the passenger with luggage, kg 100 100
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Fig. 16 — Histogram of distribution of site profile elements by slope in even direction
The average population of a car of a passenger train is determined by the formula

_ nC.C X MC.C + rlS.C X MS.C

(7

H
rlC.C + nS.C

where n.., hg.— the number of passenger cars in the train, respectively, compartment and sleeping
cars, weight.;
M., Mg . — the number of seats in the carriage, respectively, compartment and sleeper seats.

The mass of the passenger train is determined by the formula

Py X'my
1000
where q. , qs.c — tare weight of the carriage, respectively, compartment and sleeper, i.e.;
my, — mass of the passenger with luggage, kg
Tables 5 and 6 show the results of the calculation of the initial data for carrying out traction
calculations according to the variants of passenger cars and types of locomotive traction.

Me = (g¢c X Nee T Qsc X Ngc T+ X (nc.c + ns.c)v (®)
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Table 5. Results of calculation of raw data for carrying out traction calculations for variants
of passenger cars with diesel traction

Odd direction Even direction
Characteristic modernized modernized
base car base car

car car
Mass of the locomotive, i.€. 130 130 130 130
Number of cars in the train: 18 18 18 18
- compartment 15 15 15 15
- bedrooms 3 3 3 3
Tare mass of the car, i.e.:
- compartment 56 54.5 56 54.5
- bedroom 56 54.5 56 54.5
Number of seats in the carriage:
- compartment 38 38 38 38
- bedroom 19 19 19 19
Mass of the passenger with luggage, kg 100 100 100 100
The average population of the car, pas. 34.8 34.8 34.8 34.8
Mass of the composition, i.e. 1071 1044 1071 1044
Mass of the train, i.e. 1197 1170 1197 1170
Techmcal speed on interstation in table 2 in table 2 in table 3 in table 3
sections, km/h.
Interstation distance, km. in table 2 in table 2 in table 3 in table 3

Table 6. Results of calculation of raw data for carrying out traction calculations for variants
of passenger cars with electric locomotive traction

Odd direction Even direction
Characteristic b modernized modernized
ase car car base car car

Mass of the locomotive, i.e. 126 126 126 126
Number of cars in the train: 18 18 18 18
- compartment 15 15 15 15
- bedrooms 3 3 3 3
Tare mass of the wagon, i.e.:
- compartment 56 54.5 56 54.5
- bedroom 56 54.5 56 54.5
Number of seats in the carriage:
- compartment 38 38 38 38
- bedroom 19 19 19 19
Mass of the passenger with luggage, kg 100 100 100 100
The average population of the train, pas. 34.8 34.8 34.8 34.8
Mass of the composition, i.e. 1071 1044 1071 1044
Mass of the train, i.e. 1197 1170 1197 1170
Techmcal speed on interstation in table 2 in table 2 in table 3 in table 3
sections, km/h.
Interstation distance, km. in table 2 in table 2 in table 3 in table 3
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The results of the traction calculation according to the variants of passenger cars when moving
by locomotive traction are shown in Table 7.

Table 7. Results of traction calculation according to variants of passenger cars when moving
by diesel traction

Characteristic Variant of the car.
base modernized
0Odd direction
Freight turnover, tkm . gross 368960 359659
Fuel consumption for traction, kg 1067.9 1055.6
Time on the route, hours 5.56 5.55
Technical speed km/h. 68.4 68.6
District speed km/h. 61.9 62
Precinct speed coefficient 0.90 0.90
Passenger turnover, pass-km 216008 216007.8
Specific fuel consumption per gauge, kg/1000 pass-km 4.94 4.89
Even direction
Freight turnover, tkm . gross 368960 359659
Fuel consumption for traction, kg 1090.1 1077
Time on the route, hours 5.84 5.84
Specific fuel consumption per meter, kg/10 * tkm _ gross 29.5 29.9
Technical speed km/h. 64.2 64.3
District speed km/h. 58.9 59
Precinct speed coefficient 0.92 0.92
Passenger turnover, pass-km 216008 216007.8
Specific fuel consumption per gauge, kg/1000 pass-km 5.05 4.99
Average turnover
Mass of the composition, t 1071 1044
Freight turnover, tkm . gross 737920.5 719318.0
Mileage of the train, train - km 689.2 689.2
Time on the route, hours 11.40 11.39
Technical speed km/h. 65.95 66.02
District speed km/h. 60.46 60,51
Precinct speed coefficient 0.917 0.917
Fuel consumption for traction, kg 2158.0 2132.6
Passenger turnover, pass-km 432016 432016
Specific fuel consumption per gauge, kg/1000 pass-km 5.00 4.94

The results of the traction calculation according to the variants of passenger cars when moved

by electric traction are shown in Table 8.
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Table 8. Results of traction calculation according to variants of passenger cars when moving
by electric traction

Characteristic Variant of the wagon
base modernized
Odd direction
Freight turnover, tkm . gross 368960 359659
Electricity consumption for traction, kWh. 7898.4 7403.4
Time on the route, hours 5.54 5.53
Technical speed km/h. 67.9 68.1
District speed km/h. 62.2 62.3
Precinct speed coefficient 0.92 0.91
Passenger turnover, pass-km 216008 216008
Specific consumption of electrical energy per meter, kWh/1000 pass-km 36,57 34,27
Even direction
Freight turnover, tkm . gross 368960 35965 9
Electricity consumption for traction, kWh. 8171.3 7632.5
Time on the route, hours 5.76 5.76
Technical speed km/h. 65.3 65.3
District speed km/h. 59.9 59.8
Precinct speed coefficient 0.92 0.92
Passenger turnover, pass-km 216008 216008
Specific consumption of electrical energy per meter, kWh/1000 pass-km 37.83 35,33
Average turnover

Mass of the composition, t 1071 1044
Freight turnover, tkm . gross 737920.5 | 719317.5
Mileage of the train, train - km 689.2 689.2
Time on the route, hours 11.30 11.29
Technical speed km/h. 66.59 66.65
District speed km/h. 60.99 61.05
Precinct speed coefficient 0.916 0.916
Electricity consumption for traction, kWh. 16069.7 15035.9
Passenger turnover, pass-km 432016 432016
Specific consumption of electrical energy per meter, kWh/1000 pass-km 37.20 34.80

Using the results of traction calculations, we will determine the consumption of energy resources by
diesel and electric traction along the entire route of the passenger train according to the variants of cars.
For this, the distance of service of the route by diesel and electric traction, which is given in table 9,
should be taken into account.
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Table 9. Distance of service of the route by locomotive and electric traction

Characteristic dir(e)gt(iion dife\cl:ft:?on Together
The distance of service of the route by locomotive traction, km 155.6 155.6 311.2
The distance of service of the route by electric traction, km 3334 3334 666.8
Together 489 489 978

The results of calculating the consumption of energy resources by types of traction are shown in

tables 10 and 11.

Table 10. Results of calculation of fuel consumption by locomotive traction for moving a
passenger train by wagon variants

. Variant of the car
Characteristic -
base | modernized
Odd route direction
The distance of service of the route by locomotive traction, km 155.6 155.6
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 97561.2 97561.2
Technical speed km/h. 68.4 68.6
Specific fuel consumption per gauge, kg/1000 pass-km 4.94 4.89
Fuel consumption for traction, kg 482 477
Even direction of the route
The distance of service of the route by locomotive traction, km 155.6 155.6
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 97561.2 97561.2
Technical speed km/h. 64.2 64.3
Specific fuel consumption per gauge, kg/1000 pass-km 5.05 4.99
Fuel consumption for traction, kg 492 486
On average per revolution of the locomotive

The distance of service of the flight by diesel locomotive, km 311.2 311.2
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 195122.4 195122.4
Fuel consumption for traction, kg 975 963

Table 11. Results of calculation of fuel consumption by electric traction for moving a

passenger train by car options

. Variant of the car
Characteristic .
base modernized
1 2 3
Odd route direction
The distance of service of the route by electric traction, km 333.4 333.4
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 209041.8 209041.8
Technical speed km/h. 67.9 68.1
Specific consumption of electrical energy per meter, kWh/1000 36,57 34,27
pass-km
Electricity consumption for traction, kWh. 7644 7165
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Table 11. Continued

1 2 3
Even direction of the route
The distance of service of the route by electric traction, km 3334 3334
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 209041.8 209041.8
Technical speed km/h. 65.3 65.3
rS)gsesc_llgrcl consumption of electrical energy per meter, kKWh/1000 3783 35.33
Electricity consumption for traction, kWh. 7908 7386
On average per revolution of the locomotive
The distance of service of the flight by electric traction, km 666.8 666.8
Mass of the composition, t 1071 1044
Passenger turnover, pass-km 418083.6 418083.6
Electricity consumption for traction, kWh. 15551.5 14551.0

The saving of energy resources for the traction of a passenger train per flight is determined by the
following formulas:
with locomotive traction

AGq = G} — G, 9)

with electric traction

AA, = AP — AT, (10)

where GS, G is the fuel consumption for traction of a passenger train per flight, respectively, with basic
and new cars, kg;
AP, AT — electricity consumption for traction of a passenger train per flight, respectively, with basic and
new cars, kWh.

According to the schedule of traffic along the route (table 12), we will determine the turnover of the
passenger train.

Table 12. Passenger train schedule by route

The name of the course route - Time
departure arrival on the route, hours
A forming station is a turnover station 22:30 6:10 am 7.67
The idle carriage by turnover 16.75
Turnover station-formation station 22:55 6:27 am 7.53
Idle wagon at the home depot 16.05
Turn of the passenger train 48.00
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The number of turns of a passenger train per year is determined by the formula

_ 365 X 24
? Op-p ,

(11

where p.p is passenger train turnover, h.

The annual savings in energy costs for the traction of passenger trains under the conditions of running
on a specific route is determined by the following formulas:

with locomotive traction

AE4 = AGg X N, X 11, (12)
with electric traction

AE, = AA, X N, x 11, (13)

where I, Ll.— the price, respectively, of the 1st kg of fuel and the 1st kWh. of electricity, UAH
Tables 13 and 14 show the results of determining the annual savings in energy costs for the traction
of passenger trains under the conditions of running on a specific route.

Table 13. Results of determining the annual savings in fuel costs for the traction of passenger
trains under the conditions of running on a specific route

Characteristic indicator value
The number of passenger train turnovers per year 182.5
Economy of fuel consumption for traction per flight, kg. 11
Annual saving of fuel consumption for traction along the route, kg 2094
The price of 1 kg of fuel, UAH. 58.43
Annual savings in fuel costs for traction, thousand hryvnias. 122,332

Table 14. Results of determining the annual savings in electricity costs for the traction of
passenger trains under the conditions of running on a specific route

Characteristic indicator value
The number of passenger train turnovers per year 182.5
Savings in power consumption for traction per flight, kWh. 1000.5
Annual savings in electricity consumption for traction along the route, kWh. 182584
The price of 1 kWh. of electricity, UAH 4.6
Annual savings in electricity costs for traction, thousand UAH. 839,887
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Thus, the annual saving of energy costs for the traction of passenger trains when using passenger
cars with a reduced tare weight under the conditions of running on a specific route is

AE =122,332 + 839,887 = 962,219 thousand UAH.

Conclusions. According to the results of statistical processing the results of the metal structures of
compartment cars bodies technical condition and open-type cars that have already exhausted their
resource it was determined that the lower strapping (more than 7 mm, 50% of the nominal size), the roof
slope (more than 2 mm, 35% of the nominal size), and the lower part of the side wall (over 2 mm, 42%
of the nominal size)..

It is proposed to carry out modernization of the bodies of passenger cars by replacing the steel sheet
and rolled metal with aluminum alloy in the above-mentioned places during capital renovations. This
makes it possible to reduce the tare weight of the car and the consumption of fuel and electricity for
train traction.

During the calculations, it was considered that for the movement of passenger trains, the TEP70
series diesel locomotive is used for diesel traction, and the CHS4 series alternating current electric
locomotive is used for electric traction. Annual saving of energy costs for the traction of passenger trains
when using passenger cars with a reduced tare weight 962,219 thousand UAH.

REFERENCES

1. Samsonkin, V.M. (2004) Pro pidvyshennia efektyvnosti pasazhurskikh vagoniv na zaliznychnomy transporti.
Zaliznychnyy transport Ukrayiny, 1, 43-45. [in Ukrainian]

2. Samsonkin, V. M. et al. (2009) Osnovy reorhanizatsii pasazhyrskoho kompleksu zaliznychnoho transportu. Visnyk
ekonomiky transportu i promyslovosti, 5, 78-81. [in Ukrainian]

3. Bozhok, N. O. et al. (2014) Doslidzhennya suchasnoho stanu parku pasazhyrs'kykh vahoniv. Zbirnyk naukovykh prats
Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazaryana "Problemy
ekonomiky transportu", 8, 78-87. [in Ukrainian]

4. Loboyko, L. M. et al. (2007) Stan vahonnoho parku ta vahonoremontnoyi bazy v Ukrayini. Zbirnyk naukovykh prats’
Dnipropetrovs'’koho natsional'noho universytetu zaliznychnoho transportu imeni akademika V. Lazaryana "Problemy
ekonomiky transportu”, 19, 176-182. [in Ukrainian]

5. Martynov, L. E, et al. (2018) Analiz tekhnichnoho stanu kuzoviv pasazhyrs’kykh vahoniv. Visnyk Natsionalnoho
tekhnichnoho universytetu "KHPI". Seriya: Novi rishennya v suchasnykh tekhnolohiyakh. Transportne mashynobudu-vannya,
45(1321), 41-46. [in Ukrainian]

6. Shykunov, O. A. et al. (2012) Doslidzhennya hranychnoho stanu pasazhyrs’kykh vahoniv. Vahonnyy park, 12, pp. 4-6.
[in Ukrainian]

7. Yezhov, Yu. et al. (2018) Kapital'no-vidnovlyuval'nyy remont pasazhyrs'kykh vahoniv lokomotyvnoyi tyahy yak zasib
zabezpechennya zaliznyts' reykovym rukhomym skladom. Zbirnyk naukovykh prats "Reikovyi rukhomyi sklad", 17, 51-61. [in
Ukrainian]

8. Barash, Yu. S. (2006) Stratehiya ratsional'noho onovlennya pasazhyrs'koho vahonnoho parku v umovakh de-fitsytu
investytsiy. Visnyk Dnipropetrovs'koho natsional'noho universytetu zaliznychnoho transportu imeni akademika V. Lazaryana,
10, 130-140. [in Ukrainian]

9. Ostapyuk, B. Ya. (2004) Podovzhennya terminu eksplua-tatsiyi pasazhyrs'kykh vahoniv. Visnyk Dnipropetrovs'koho
natsional'noho universytetu zaliznychnoho transportu imeni akademika V. Lazaryana, 4, 165-173. [in Ukrainian]

10. Loboyko, L. M. (2006) Problemy i perspektivy pasazhirskogo vagonostroyeniya v Ukraine. Zaliznychnyy transport
Ukrayiny, 3, pp. 3-9. [in Ukrainian]

11. EN 12663-2:2010, Railway applications, Structural requirements of railway vehicle bodies, Part 1: Locomotives and
passenger rolling stock (and alternative method for freight wagons), 2010.

12. Kim, J.S., Lee, S.J., & Shin, K.B. (2007). Manufacturing and structural safety evaluation of a composite train carbody,
Composite Structures. 78(4), 468-476.

13. Dan’ko, M. 1. et al. (2009) Metodolohiya ta rezul'taty otsinky tekhniko-ekonomichnykh pokaznykiv roboty
mabhistralnykh lokomotyviv pry pasazhyrs'’kykh perevezennyakh. Zbirmyk naukovykh prats' Ukrayins'koyi derzhavnoyi
akademiyi zaliznychnoho transport, 102, 191-201. [in Ukrainian]

14. Yer'omina, M. O. (2009) Udoskonalennya metodu rozrakhunku ekspluatatsiynykh vytrat pasazhyrs'kykh
zaliznychnykh perevezen. Ekonomika: problemy teoriyi ta praktyky, VI, Ne 254, 1401-1405. [in Ukrainian]

15. Kalabukhin, Yu.Ye. et al. (2013) Urakhuvannya sotsialmoyi skladovoyi efektyvnosti tekhniko-orhanizatsiynykh
zakhodiv pasazhyrs'kykh perevezen' zaliznychnoho transportu. Efektyvna ekonomika, 3,27-35. [in Ukrainian]

71



e-ISSN 2617-9059 Transport Systems and Technologies, 41, 2023

16. Barash, Yu. S. (2011) Teoretychno-metodychnyy pidkhid do vyznachennya konkurentospromozhnosti posluh, shcho
nadayut'sya pasazhyrs'’kymy vydamy transportu. Visnyk Dnipropetrovs'koho natsional’'noho universytetu zaliznychnoho
transportu imeni akademika V. Lazaryana, 38, 233-237. [in Ukrainian]

17. Matusevych, O. O. (2013) Zasoby pidvyshchennya efektyvnosti zaliznychnykh pasazhyrs’kykh perevezen’ ta metody
yikh realizatsiyi. Zbirnyk naukovykh prats' Derzhavnoho ekonomiko-tekhnolohichnoho universytetu transportu. Ser.
"Ekonomika i upravlinnya". 23-24, 142-149. [in Ukrainian]

18. Matusevych, O. O. (2013) Vartisni tekhniko-ekonomichni pokaznyky ta efektyvnist’ zaliznychnykh pasazhyrs’kykh
perevezen'. Zbirnyk naukovykh prats' Dnipropetrovs'koho natsional'noho universytetu zaliznychnoho transportu imeni
akademika V. Lazaryana "Problemy ekonomiky transportu”. 5, 72-79. [in Ukrainian]

19. Donchenko, A. V. et al. (2008) Metodyka tekhnichnoho diahnostuvannya pasazhyrs’kykh vahoniv, shcho vysluzhyly
pryznachenyy termin, z metoyu yoho prodovzhennya CL-07. UkrNDIV. Kyiv, 63. [in Ukrainian]

20. Gevorkyan, E. S. (2015) Novi materialy ta yikh oderzhannya: pidruchnyk. Kharkov: Disa+.344 p. [in Ukrainian]

21. Kalabukhin, Yu.Ye. (2010) Udoskonalennya metodolohiyi vyznachennya tekhniko-ekonomichnykh pokaznykiv
funktsionuvannya tyahovoho rukhomoho skladu z urakhuvannyam zhyttyevoho tsyklu: dys. .... d-ra tekhnichnykh nauk:
05.22.07. Kharkov: UkrDAZT. 420 p. [in Ukrainian]

22. Kalabukhin, Yu.Ye. (2011) Rezul'taty doslidzhennya vplyvu ekspluatatsiynykh faktoriv na tyahovo-enerhetychni
pokaznyky vykorystannya teplovoznoyi tyahy u vantazhnomu rusi. Zbirnyk naukovykh prats’ Ukrayins'koyi derzhavnoyi
akademiyi zaliznychnoho transportu. 122, 66-75. [in Ukrainian]

23. Kalabukhin, Yu.Ye. (2009) Metodolohiya ta rezul'taty otsinky tekhniko-ekonomichnykh pokaznykiv roboty
mahistralnoho lokomotyva pry peremishchenni vantazhnoho poyizdu. Visnyk Skhidnoukrayins'koho natsional'noho
universytetu im. V. Dalya, 2(132), 157-163. [in Ukrainian]

3

Izop Mapmunos', IOpiit Kanadyxin’, Anvona Tpyganosa’, Cmanicnae Mapmunos,

Apocnae Ocmanenxo’

'Kadenpa imkeHepii BaroHiB Ta AKOCTi MPOMyKIlii, YKpaiHCHKHil JepKaBHUH YHIBEPCHTET 3a]li3HHYHOTO
TpaHcnopTy, . deitepbaxa, 7, Xapkis, 61050, Ykpaina, ORCID: https://orcid.org/0000-0002-0481-3514.

Kadenpa MapKeTUHTY, KOMEpIIiiHOI MiSUIBHOCTI Ta €KOHOMidYHOI Teopii, YKpaiHCHKHiIl nepkaBHHUI
VHIBEpCUTET 3alli3HUYHOTO TpaHcmopTy, mmia. Deitepbaxa, 7, Xapki, 61050, Vxpaina, ORCID:
https://orcid.org/0000-0003-3693-7607.

3Kadenpa iHxkeHepii BaroHiB Ta SKOCTI IPOMYKIii, YKpaiHCBKUI Iep:KaBHMM yHIBEPCUTET 3alli3HHYHOIO
TpaHcmopTy, 1. Petepbaxa, 7, Xapkis, 61050, Ykpaina, ORCID: https://orcid.org/0000-0003-1702-1054.

“Kadenpa excruryaranii Ta peMOHTY PyXOMOro ckiany, YKpaiHChKuil IepKaBHUH YHiBepCHTET 3aIi3HHYHOIO
TpaHcIopTy, 1. Petepbaxa, 7, Xapkis, 61050, Ykpaina, ORCID: https://orcid.org/0000-0003-1826-6053.

SKadenpa imxeHepii BaroHIiB Ta SKOCTI HPOXYKIii, YKpaiHCBKHIl NEp/KABHUN YHIBEPCHTET 3aJi3HAYHOIO
TpaHcnopTy, 1. Oeitepbaxa, 7, Xapkis, 61050, Ykpaina, ORCID: https://orcid.org/0009-0008-4341-0831.

BuznayenHs eeKTUBHOCTI MOAEPHi3alil Ky30BIB aCaKHUPCbKUX
BaroHiB

IHacaxcupceoki eazonu AT «Ykpsaniznuya» npakmuuno euyepnanu ceiti pecypc. lliosuwenns
epexmuerocmi pobomu 3a1i3HUYb UMASAE BUKOPUCMAHHS HOBUX THHOBAYIIHUX MEXHIUHUX pilueHb. Y
cmammi npoaHaniz0eaH0 MeXHIUHUL CIMAH KY3068i68 NACANCUPCOKUX 8A20HIB, SKI GIONpAy08anu C8ill
pecypc. Bevoeo nepesipeno 540 eazonie piznux pokie no6yoosu. Y xo0i ananizy pesyivmamis nepesipok
MOBUUHU MEMATOKOHCIMPYKYIL 8a20HI8 OV PO30INEHT HA N AMb YMOBHUX 2DYA 3ATIeHCHO 8I0 MEPMIHY
cayocou. Ilpu yvomy nOpPIGHIOBANUCS HOMIHAILHI 3HAYEHHST MOBWUH eleMeHmie KOHCMPYKYIl
asmomoobina ma paxmuuni 3Hauenus. Bcmanosneno, wo Haubinbule Cnpayo8ants 3HOC MArOMb HUICHS
00wuUBKa, cKkam 0axy ma HUdCHs Yacmuna oiunoi cminku. 11 modepuizayii Ky306i6 nacajicupcbKux
8A20HI8 NPONOHYEMBCS GUKOpUCMOGY8amu anominiesi cnaasu. Ilepesazoro mako2o mexuiuno2o
piluenns € niosuwenHs KOposilHoi CMItiIkocmi Ky308d, ni08ulyyertst 008208I4HOCMI MA 3MEHULEHHSL 8A2Y
mapu 6azoHy. IMeHueHHs. mapu 00360JI5€ 3MEHUWUMU RUMOMULL ONIp pyXy noi30a ma umpamu naiued
ma enekmpoenepeii na maz2y noizoa. [na 3HUNCEHHS eKCHIyamayiunux eumpam 3 6UKOPUCMAHHAM
OCHOBHUX NOJIOJHCEHb MEOPii T0KOMOMUBHOT MU NPOBEOCHO PO3PAXYHKU BUSHAUEHHS eHEP2OBUMPAM
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HA pyX NAca)cupcbko2o noizda 3a npoiibHUMU YMOBAMU peanbHOl OLAHKU peciOHANbHOI inil
Ilig0enna 3aniznuys ouzenb- ma eleKmpuiHoI 10KOMOMUBHOIO Ms2U 3 6A308UM MA MOOEPHI308AHUM
8APIAHMOM NACANCUPCLKUX 68a20HI6. Bcmanosneno, wjo piuna exoHoMis eHep2osumpam HA ma2y
naca)cupcoKux noizoie npu GUKOPUCMAHHI NACAICUPCOKUX 8A2OHI8 31 ZHUMNCEHOI0 MAPOI0 CMAHOBUMD
O6nu3bK0o 1 MaH. 2pH.

Knrwuoei cnosa: nacasxcupcokuii 6a2om, Ky308, pecypc, 3H0C, MOOEPHI3ayis, eKOHOMIUHUL edpexm/
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