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Abstract: The paper presented studies on reducing traction energy consumption with a decrease in
the weight of an all-metal gondola car. Based on the proposed mathematical criterion, a new form of
a blind floor was obtained, which makes it possible to reduce the weight of an all-metal gondola car.
The aim of the paper was to reduce traction energy consumption with a decrease in the weight of an
all-metal gondola car. For an all-metal gondola car with a modified form of a blind floor, strength
studies were performed based on the finite element method. The equivalent stresses of the blind floor
of an all-metal gondola car were 140.6 MPa, and the equivalent strains were 7.08 × 10−4. The margin
of safety of the blind floor of an all-metal gondola car was 1.57. The weight of an all-metal gondola car
with a modified form of a blind floor was reduced by 5.1% compared to a typical all-metal gondola
car. For an all-metal gondola car with a modified form of a blind floor, a comparison was made of
the traction energy consumption with typical all-metal gondola cars. Traction energy consumption
with empty all-metal gondola cars were reduced by 2.5–3.1%; with loaded all-metal gondola cars by
2.4–7.3%, depending on the travel time interval.

Keywords: traction energy consumption; all-metal gondola car; rail transport; blind floor; weight;
lightweighting

1. Introduction

Rail transport is an important economic sector in the world. To ensure the uninter-
rupted delivery of goods and people, the proper level of traffic safety and environmental
safety [1,2] must be ensured.

Traffic safety on railways affects the speed of delivery of goods and passengers. The
traction energy consumption has an impact on the competitiveness of rail transport.

Every day the need for freight and passenger transportation increases. At the same
time, requirements have been made to reduce traction energy consumption. To reduce the
traction energy consumption, various solutions have been proposed, for example [3–5].
Thus, in [3], on the basis of a simulation model of optimal train control, an assessment has
been made of strategies for reducing traction energy consumption. However, this work has
been related to metro systems.

In works [4–7], to reduce the energy consumption of an electric locomotive, the traction
power control method and dynamic programming was used. The presented methods have
been limited by the conditions of use. In works [8,9], energy-saving approaches in operation
were considered. These works have been limited to use in urban rail transport systems. In
works [10–15], the optimization of thrust energy was performed. However, these works
have been limited to use in metro lines. In the works of [16–22], an energy-efficient strategy
for driving trains was presented. These works have been limited by the conditions of use.
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In the works of [23–25], fuzzy logic has been used to obtain optimal energy values.
Alas, these works have been also limited by the conditions of use.

In the works of [26–30], for railway networks, a solution was given to reduce the use
of traction energy. These works have been limited by the conditions of use.

In the works of [31–34], the use of traction energy was considered taking into account
climatic conditions. These works have been limited by the climatic conditions of use.

However, all known solutions are narrowly focused, which does not allow them to be
massively applied to all railway networks to reduce traction energy consumption.

The theme of lightweighting to obtain savings in consumption is very important in
the transport sector, especially in the automotive sector. In the vehicular sector, the result
of the lightweighting is influenced by the various parameters of the vehicle itself [35],
use of lightweight materials for automobiles [36,37], including composite material [38].
Lightweighting creates have been discussed from a structural engineering standpoint [39].

In the rail transport sector, there is a similar trend as in the automotive sector.
In the works of [40–44], it was presented the results on the optimal lightweighting

of rail vehicles using composite materials. However, in all works, composite materials
have been used in passenger cars. In addition, the use of composite materials in gondola
cars [45–47] has been complicated by the manufacturing technology.

In the works of [48–51], a constructive change of axles and wheelset was proposed to re-
duce the weight of a gondola car. These works do not present the results of implementation
in practice.

Undoubtedly, research work on reducing the weight of gondola cars exists. How-
ever, studies on the effect of reducing the weight of gondola cars on the traction energy
consumption have not been identified.

To solve the problem of reducing traction energy consumption on all railway networks,
it is the use of engineering solutions to reduce the weight of gondola cars. “Gondola car”
is an open part of a train that is used for transporting heavy goods. The meaning of this
proposal is not to reduce the loading of gondola cars, but, namely, to reduce the weight of
the gondola car to increase its carrying capacity.

This proposal to reduce traction energy consumption while reducing the weight of the
gondola car is simple. However, reducing the weight of gondola car is not easy.

On the railways, different models of gondola cars have been used for freight trans-
portation. The design of new generation gondola cars should be more durable, have a
lower weight, increased carrying capacity and cost-effectiveness in operation.

This work has been limited to the study of an all-metal gondola car with a blind floor.
Thus, the traction energy consumption has been studied depending on the weight of an
all-metal gondola car with a blind floor.

The aim of the work was to reduce the traction energy consumption with a decrease
in the weight of an all-metal gondola car.

2. Materials and Methods
2.1. Traction Energy Consumption Depending on the Weight of a Gondola Car

Traction energy consumption (E) can be set by the following function:

E = J̃( W, L, I), (1)

where W is the gross weight of a train;
L is the length of the section;
I is the interval of train movement on the section.
The gross weight of a train is determined by the equation:

W = Wl +
n

∑
i=1

Wgc
i +

n

∑
i=1

Wc
i , i = 1, . . . , n, (2)

where Wl is the weight of the locomotive;
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Wgc
i is weight of the i-th gondola car;

Wc
i is weight of the i-th cargo;

n is the number of gondola cars.
Since the aim of the work was to decrease in the weight of an all-metal gondola car,

the value Wgc
i can be changed in Equation (2). Accordingly, the values Wl and Wc

i will
be constant.

Since the emphasis is on the weight of the gondola car, then the function (1) will take
the form:

E = J̃( Wgc
i , L, I), (3)

for which it is necessary to determine the functions Wgc
i ∈ Ω(x, y, π); L ∈ Ω∗; I ∈ Ω∗, at

which the minimum traction energy consumption is achieved:

min E = min
Wgc∈Ω

max
L,I∈Ω∗

J̃( Wgc
i , L, I), (4)

where Ω is the class of distribution functions of the step-type;
Ω∗ is a set of the step-type distribution functions.
If we assume that the energy consumption proceeds according to a distributed law

G(x) ∈ Ω∗, and assume that there are functions of the numerator A and denominator B of
the function J̃( Wgc

i , L, I), as well as their extremes, then the minimum of the function (4)
can be achieved for any fixed G(x), therefore:

min E = min
Wgc

i ∈Ω
max

L,I∈Ω∗
J̃( Wgc

i , L, I) = min
0≤v≤∞

max
0≤x≤∞

n
∑

i=0
A(x, v, yi + 0) ∆πi

n
∑

i=0
B(x, v, yi + 0) ∆πi

, (5)

where x, v are parameters of the step-type function;
yi is half interval of the i-th interval;
∆πi = πi+1 − πi is exactly one step of parameter πi.
The extremum of the function J̃( Wgc

i , L, I) is reached on functions of the step-type.
A decrease the traction energy consumption (Equation (3)) will occur with a decrease

in the weight of the gondola car.
To reduce the weight of the gondola car, it is necessary to consider the design of the

gondola car and propose a solution to this problem.
A typical cross-section of the body of an all-metal gondola car with a blind floor can

be represented as follows (Figure 1).
A blind floor (3) of Figure 1 reduces stresses in the load-bearing elements of the body

frame of an all-metal gondola car. For such gondola cars, there is a margin for reducing
the mass of frame elements. In this case, the blind floor is subjected to the simultaneous
action of vertical and horizontal loads. The action of a vertical load on a blind floor leads to
a deflection, the magnitude of which determines the appearance of bending moments from
a horizontal load and additional stresses. Also, additional bending moments can be caused
by the initial curvature of the load-bearing elements of the body of an all-metal gondola car.

The blind floor of all-metal gondola cars is made of a rolled sheet, in some cases, the
sheet is additionally stamped to form protrusions—corrugations—in order to increase
strength, and materials that have a lower specific gravity and greater strength are also used.

2.2. Theoretical Preconditions for Reducing the Weight of an All-Metal Gondola Car

Theoretical preconditions for reducing the weight of an all-metal gondola car are
as follows.



Energies 2023, 16, 6733 4 of 12

Energies 2023, 16, x FOR PEER REVIEW  4  of  13 
 

 

from a horizontal load and additional stresses. Also, additional bending moments can be 

caused by the initial curvature of the load‐bearing elements of the body of an all‐metal 

gondola car. 

 

Figure 1. A typical cross‐section of the body of an all‐metal gondola car with a blind floor: (1) Spinal 

beam; (2) bottom side panel; (3) blind floor; (4) cross‐beam. 

The blind floor of all‐metal gondola cars is made of a rolled sheet, in some cases, the 

sheet  is additionally  stamped  to  form protrusions—corrugations—in order  to  increase 

strength, and materials  that have a  lower specific gravity and greater strength are also 

used. 

2.2. Theoretical Preconditions for Reducing the Weight of an All‐Metal Gondola Car 

Theoretical preconditions for reducing the weight of an all‐metal gondola car are as 

follows. 

Figure 2 shows a model of an all‐metal gondola car with a blind floor and the action 

of a point load Q along the Z axis. 

Figure 1. A typical cross-section of the body of an all-metal gondola car with a blind floor: (1) Spinal
beam; (2) bottom side panel; (3) blind floor; (4) cross-beam.

Figure 2 shows a model of an all-metal gondola car with a blind floor and the action
of a point load Q along the Z axis.
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Figure 2. Model of an all-metal gondola car with a blind floor and the action of a point load Q along
the Z axis (Mx and My are the bending moments that act about the X and Y axes, respectively).

Let us consider the action of a point load Q on the blind floor of an all-metal gondola
car. A point load Q gives rise to bending moments Mx and My.
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The maximum stresses (σmax) in the blind floor of an all-metal gondola car from the
strength condition can be calculated by the equation:

σmax =
Qz

Ab f
+

Mx

Sx
+

My

Sy
≤ [σ], (6)

where Ab f is the area of the longitudinal section of the blind floor;
Mx, My are the bending moments that act about the X and Y axes, respectively;
Sx, Sy are the elastic section modulus about the X and Y axes, respectively;
[σ] is the allowable stress for the material blind floor of an all-metal gondola car.
Based on function (3), in order to reduce the maximum stresses in the blind floor of an

all-metal gondola car, it is necessary to increase the cross-sectional area A and the elastic
section modulus Sx, Sy. This can be achieved by changing the shape of the blind floor of an
all-metal gondola car.

By reducing the values of maximum stresses, the weight of the blind floor of an
all-metal gondola car can be reduced.

Let us formulate the criterion for the shape of the blind floor of an all-metal gondola car:

J
(

A, Wx, Wy, Wgc) =


A→ max;
Sx → max;
Sy → max;

Wgc → min.

, (7)

with the initial conditions:
A = A0; Wgc = Wgs

0 .

Using the minimax criterion, we write the criterion for the shape of the blind floor of
an all-metal gondola car in the following form:

_
J 0 = min

Wgc∈Ω
max

A,Sx ,Sy∈Ω
J0
(

A, Sx, Sy, Wgc), (8)

The extremum of the function (8) will be on the steps of the functions.

2.3. Method for Studying Stresses and Strains of the Blind Floor of an All-Metal Gondola
Car Subsection

Stress and strains studies were carried out for the blind floor of an all-metal gondola
car. The finite element method reported in [34] has been used for the study.

The projections of the point displacement inside the finite element (u, v, w) can be
represented as the product of the row vector of NT shape functions and the corresponding
nodal displacement column vectors u, v, w:

u = NTu, v = NTv, w = NTw. (9)

The strain equation for the three-dimensional case under consideration has the form:

ε =



εx
εy
εz

γxy
γxz
γyz


=



∂u
∂x
∂v
∂y
∂w
∂z
∂u
∂y + ∂v

∂x
∂u
∂z + ∂w

∂x
∂v
∂z +

∂w
∂y


=



∂
∂x NT 0 0

0 ∂
∂y NT 0

0 0 ∂
∂z NT

∂
∂y NT ∂

∂x NT 0
∂
∂z NT 0 ∂

∂x NT

0 ∂
∂z NT ∂

∂y NT




u
v
w

, (10)

where εx, εy, εz are the strain along the x, y, z axes;
γxy, γxz, γyz are the strain tensors.
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The stress equation for the considered three-dimensional case has the form:

σ =



σx
σy
σz
τxy
τxz
τyz


= G



γ + 1 γ− 1 γ− 1 0 0 0
γ− 1 γ + 1 γ− 1 0 0 0
γ− 1 γ− 1 γ + 1 0 0 0

0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1





εx
εy
εz

γxy
γxz
γyz


, (11)

where σx, σy, σz are the stress along the x, y, z axes;
τxy, τxz, τyz are the stress tensors along the xy, xz, yz axes;
G is the modulus of elasticity of the floor material in shear;

G =
E

2(1 + µ)
;

E is the modulus of elasticity of the blind floor material in tension;

γ =
1

1− 2µ
;

µ is the Poisson’s ratio of the blind floor material.

3. Results and Discussion
3.1. The Form of the Blind Floor of the All-Metal Gondola Car

Based on the criteria (7), (8) and the design features of the all-metal gondola car, as
a result of numerous iterations on the stepped functions, the following form of the blind
floor of the all-metal gondola car was obtained (Figure 3).
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The curvature of the blind floor (3) of Figure 3 should provide a simultaneous increase
in the area, moments of inertia and a decrease in the weight of the body of an all-metal
gondola car. The convexity of the blind floor of the all-metal gondola car allows increasing
the strength.

The margin of safety of the blind floor was used to reduce the weight of the body of
an all-metal gondola car.

Changing the shape of the blind floor at the same value of the allowable stress allows
you to reduce the thickness of the blind floor of an all-metal gondola car. In a typical
all-metal gondola car, the thickness of the blind floor is 6 mm or more. The blind floor of a
typical all-metal gondola car is made of low-alloy steel 09G2S.
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In the design of an all-metal gondola car with a blind floor (Figure 3b), cross-beams
(4) of Figure 1 were removed. This makes it possible to further reduce the weight of an
all-metal gondola car with a blind floor.

3.2. The Results of the Study of the Strength of the Blind Floor of an All-Metal Gondola Car

For strength studies, a universal four-axle, an all-metal gondola car with a blind floor,
model 12-7019 (Ukraine), has been chosen. An all-metal gondola car model 12-7019 is
designed for transportation of bulk cargoes that do not require protection from atmospheric
precipitation on the railway network with a gauge of 1520 mm. The carrying capacity of an
all-metal gondola car model 12-7019 is 72.0 tons.

The blind floor in an all-metal gondola car model 12-7019 is made according to the
shape, as shown in Figure 3. The blind floor material is ordinary carbon steel. The thickness
of the blind floor is 4–6 mm.

For research, a CAD model of a blind floor of an all-metal gondola car has been created.
To solve the problem by the finite element method, the blind floor of an all-metal gondola
car has been loaded with a distributed load of 80 kN. The load value of 80 kN has been
chosen from the condition of overloading an all-metal gondola car by more than 10%.

Figure 4 shows the results of the equivalent stresses of the blind floor of an all-metal
gondola car with a distributed load of 80 kN.
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Figure 5 shows the results of equivalent strains of the blind floor of an all-metal
gondola car with a distributed load of 80 kN.

The results of equivalent stresses and strains of the blind floor of an all-metal gondola
car (Figures 4 and 5) allow us to state that there is the margin of safety with a coefficient of
1.57–1.94, depending on the thickness of the blind floor.

The weight of an all-metal gondola car, model 12-7019, before changing the form of
the blind floor of 6 mm is 22.0 tons. The change in the weight of an all-metal gondola car
depending on the thickness of the blind floor is shown in Figure 6.
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3.3. Traction Energy Consumption

For an all-metal gondola car with a modified form of a blind floor, a comparison
was made of the operating traction energy consumption. In this case, criterion (4) and its
solution (5) have been used.

The estimate of the operating costs of the train delivery has been based on the cal-
culation of the traction energy consumption. The train has been included of 40 all-metal
gondola cars.

The comparison has been carried out for a typical all-metal gondola car and all-metal
gondola car with a modified form of a blind floor.

The main data of the train considered for the calculation of the traction energy con-
sumption are shown in Table 1.

Table 1. The main data of the train considered for the calculation of the traction energy consumption.

The Main Data Units Value

The length of the train section km 200
The interval of train running time on the train section,

which consisted of loaded all-metal gondola cars minutes 190–340

The interval of train running time on the train section,
which consisted of empty all-metal gondola cars minutes 170–310

Traction locomotive has been electric locomotive VL-80t.
During the calculations, the parameters of the train section (longitudinal track profile

and section plan), train parameters (weight, length and parameters of the braking system
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of all-metal gondola cars), locomotive parameters (traction restrictions) and the interval of
train running time on the train section have been taken into account.

The reduction in traction energy consumption when comparing the train with a typical
all-metal gondola car and all-metal gondola car with a modified form of a blind floor, 4 mm
thickness, is shown graphically in Figure 7.
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A decrease in the weight of an all-metal gondola car with a blind floor allows reduc-
ing the traction energy consumption. So, for a train with empty all-metal gondola cars
with a modified form of a blind floor, the reduction in traction energy consumption was
79–98 kWh; for a train with loaded all-metal gondola cars with a modified form of a blind
floor, the reduction in traction energy consumption was 51–149 kWh, depending on the
interval of train running time.

4. Conclusions

In order to reduce the traction energy consumption, it has been proposed to decrease
the weight of an all-metal gondola car with a blind floor.

Based on the developed criteria (7), (8), as a result of numerous iterations on the
functions of the step type and when calculating the maximum stress (6), a new form of
a blind floor has been obtained (Figure 3). As a result, an all-metal gondola car with a
modified form of a blind floor has been obtained (Figure 3), which is characterized by a
lower weight. The weight of an all-metal gondola car with a modified form of a blind floor,
4 mm thickness, was 5.1% less compared to a typical all-metal gondola car (Figure 6).

This paper studied the strength of an all-metal gondola car with a modified form of
a blind floor (Figures 4 and 5). The equivalent stresses of a blind floor, 4 mm thickness
(Figure 4), were 140.6 MPa with an allowable stress of 220 MPa. The margin of safety
factor was 1.57. The equivalent strains of a blind floor, 4 mm thickness (Figure 5), were
7.08 × 10−4, which is a low value for strain.

For an all-metal gondola car with a modified form of a blind floor, 4 mm thickness, a
calculation has been made of reducing the traction energy consumption when compared
with typical all-metal gondola cars with a blind floor.

The results of calculations of reducing traction energy consumption (Figure 7) showed
that decreasing the weight of all-metal gondola cars with a modified form of a blind floor
can reduce the traction energy consumption for loaded trains by 2.4–7.3% on the interval
of train running time of 190–340 min, and for empty trains, by 2.5–3.1% on the interval of
train running time of 170–310 min.

Thus, the performed study and a set of calculations confirmed the rationale for the
use of an all-metal gondola car with a modified form of a blind floor to reduce the traction
energy consumption.
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The practical implementation of the project to introduce an all-metal gondola car with
a modified form of a blind floor is scheduled for early 2024. The project implementation
period is 1 year.

An analysis of emissions and socio-economic costs, which is given in [52], could also
be carried out for this work in a similar way.
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42. Słowiński, M. An Analysis of CFRP Application in the Construction of Rail Vehicles. Probl. Kolejnictwa Railw. Rep. 2021,

65, 105–113. [CrossRef]
43. Mistry, P.; Johnson; Galappaththi, U. Selection and ranking of rail vehicle components for optimal lightweighting using composite

materials. Proc. Inst. Mech. Eng. Part F J. Rail Rapid Transit 2020, 235, 390–402. [CrossRef]
44. Winnett, J.; Hoffrichter, A.; Iraklis, A.; McGordon, A.; Hughes, D.J.; Ridler, T.; Mallinson, N. Development of a very light rail

vehicle. In Proceedings of the Institution of Civil Engineers Transpor; Thomas Telford Ltd.: London, UK, 2017; pp. 231–242.
45. Galimova, F.; Khurmatov, Y.; Abdulloev, M.; Jumabekov, B.; Sultonaliev, D.; Ergeshova, D. Modern Gondola with Lightweight Body.

In XIV International Scientific Conference “INTERAGROMASH 2021”; Springer: Berlin/Heidelberg, Germany, 2022; pp. 1043–1050.
[CrossRef]

46. Panchenko, S.; Gerlici, J.; Vatulia, G.; Lovska, A.; Ravlyuk, V.; Harusinec, J. Studying the load of composite brake pads under
high-temperature impact from the rolling surface of wheels. EUREKA Phys. Eng. 2023, 4, 155–167. [CrossRef]

47. Popov, E.S.; Shinsky, O.I. Performance quality analysis of brake iron and composite pads for railway rolling composition. Litiyo i
Met. (Foundry Prod. Met.) 2021, 1, 27–37. [CrossRef]

48. Robinson, M.; Carruthers, J.; O’Neill, C.; Ingleton, S.; Grasso, M. Transport of DE-LIGHT: The design and prototyping of a
light-weight crashworthy rail vehicle driver’s cab. Procedia-Soc. Behav. Sci. 2012, 48, 672–681. [CrossRef]

49. Mistry, P. Johnson Lightweighting of railway axles for the reduction of unsprung mass and track access charges. Proc. Inst. Mech.
Eng. Part F J. Rail Rapid Transit 2020, 234, 958–968. [CrossRef]

50. Bruni, S.; Mistry, P.J.; Johnson, M.S.; Bernasconi, A.; Carboni, M.; Formaggioni, D.; Carra, G.; Macchiavello, S.; Ferrante, E.;
Kaiser, I.; et al. A vision for a lightweight railway wheelset of the future. Proc. Inst. Mech. Eng. Part F J. Rail Rapid Transit 2022,
236, 1179–1197. [CrossRef]

https://doi.org/10.1109/ACCESS.2020.3017193
https://doi.org/10.1007/s00180-021-01096-1
https://doi.org/10.3390/e23030296
https://www.ncbi.nlm.nih.gov/pubmed/33671035
https://doi.org/10.1016/j.enconman.2015.10.053
https://doi.org/10.3390/ma14051194
https://www.ncbi.nlm.nih.gov/pubmed/33802557
https://doi.org/10.3390/en16134995
https://doi.org/10.1016/j.trd.2018.09.018
https://doi.org/10.1109/TITS.2019.2897279
https://doi.org/10.3390/su14148645
https://doi.org/10.3390/ma13245612
https://www.ncbi.nlm.nih.gov/pubmed/33317033
https://doi.org/10.1007/s10924-020-01899-1
https://doi.org/10.1007/s11071-021-06386-3
https://doi.org/10.3390/en16135157
https://doi.org/10.1016/j.matdes.2022.110994
https://doi.org/10.1016/j.matpr.2021.01.646
https://doi.org/10.1016/j.matpr.2022.04.936
https://doi.org/10.3390/ma14216631
https://doi.org/10.1088/1757-899x/292/1/012072
https://doi.org/10.1007/s11356-020-10352-8
https://doi.org/10.36137/1935E
https://doi.org/10.1177/0954409720925685
https://doi.org/10.1007/978-3-030-80946-1_94
https://doi.org/10.21303/2461-4262.2023.002994
https://doi.org/10.21122/1683-6065-2021-1-27-37
https://doi.org/10.1016/j.sbspro.2012.06.1045
https://doi.org/10.1177/0954409719877774
https://doi.org/10.1177/09544097221080619


Energies 2023, 16, 6733 12 of 12

51. Mistry, P.J.; Johnson, M.S.; Li, S.; Bruni, S.; Bernasconi, A. Parametric sizing study for the design of a lightw eight composite
railway axle. Compos. Struct. 2021, 267, 113851. [CrossRef]

52. Cecchel, S.; Chindamo, D.; Turrini, E.; Carnevale, C.; Cornacchia, G.; Gadola, M.; Panvini, A.; Volta, M.; Ferrario, D.; Golimbioschi,
R. Impact of reduced mass of light commercial vehicles on fuel consumption, CO2 emissions, air quality, and socio-economic
costs. Sci. Total. Environ. 2018, 613–614, 409–417. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.compstruct.2021.113851
https://doi.org/10.1016/j.scitotenv.2017.09.081

	Introduction 
	Materials and Methods 
	Traction Energy Consumption Depending on the Weight of a Gondola Car 
	Theoretical Preconditions for Reducing the Weight of an All-Metal Gondola Car 
	Method for Studying Stresses and Strains of the Blind Floor of an All-Metal Gondola Car Subsection 

	Results and Discussion 
	The Form of the Blind Floor of the All-Metal Gondola Car 
	The Results of the Study of the Strength of the Blind Floor of an All-Metal Gondola Car 
	Traction Energy Consumption 

	Conclusions 
	References

