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Abstract

The braking system is the most important safety device in all vehicles. When braking, the kinetic energy of the vehicle is converted
into thermal energy. The use of friction brakes can cause problems in the long term, as the brake can heat up, reducing its coefficient
of friction. Heating and cooling have a harmful effect on all frictional elements, causing material fatigue. As a result of the negative
effects, the hot brake cannot reduce the velocity of the vehicle at the correct rate. In this paper, the propagation of frictional heat is
analysed in a test specimen made of cast iron material using different numerical simulations. The computational results are validated
with the results obtained during measurement. With proper validation, the brake discs are able to be modelled at different designs

and materials without having to manufacture a test specimen for each case. In the study, it is important to point physical quantities

to carry out the simulation.
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1 Introduction

Braking systems are an important part of any vehicle
(Limpert, 2011). Their functionality and effectiveness in rail
traffic is perhaps even more important than in road traffic
(Belhocine and Abdullah, 2020). Rail transport involves the
joint movement of huge masses, which, due to their kinetic
energy, can cause great damage in the event of an accident,
both in terms of human life and material (Zeng et al., 2022).
Because of this importance of railway brakes, the tests pre-
sented in the article were initiated jointly with a Belgian
partner (Falex Tribology NV) within the framework of a
project funded by the European Union. One of the important
tasks of the project is to set up a simplified numerical simu-
lation model that can be used to examine heat conduction in
the braking system. In the literature, many researchers have
investigated the heat generated in the brake disc using thermal
mechanical simulation (Belhocine, 2015; Han et al., 2020;
Menyhartné Baracskai, 2015) and the numerical modelling
of a ventilated brake disc (Belhocine and Abdullah, 2020;

Liu et al., 2024). To start the simulation, the needed initial
data were created through experiments and measurements.
Currently, the railway uses two types of material for brake
blocks, one is cast iron, and the other is a composite mate-
rial type. In Germany, only freight cars are equipped with
so-called silent brake blocks (Ficzere, 2024; Tulipant, 2007).
This publication deals only with cast iron, however our
research will be continued for other materials and samples
made with additive manufacturing technology. To be able to
draw conclusions regarding the reasons of the damage the
surface was examined. The samples manufactured out of the
used brake blocks were examined in a test device to measure
the temperature. Using the parameters of the tests a simula-
tion model was created that gives correlating results.

2 Examination of the friction surface of a brake block
The brake blocks press directly against the tread of
the wheels of the cargo railroad cars during braking.
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The braking torque is created by the generated frictional
force (Szabo and Zobory, 1998). The brake blocks and the
wheel (load) of the cargo railroad cars are both made of
cast iron. Several worn, used brake blocks were provided
by RailCargo Hungaria Ltd. Microscopic examinations
were performed on the received brake blocks. The friction
surface of one of the brake blocks is shown in Fig. 1.

It can be seen in Fig. 1 that the central parts of the fric-
tion surface were affected by discoloration, i.e., they were
loaded by the higher temperature. The two pictures in
Fig. 2 present the external part (not discolored) and central
part of the friction surface of the brake block at 100x mag-
nification (Zeiss Discovery V14). The image taken from
the central part shows signs of surface melting and adhe-
sion, while the image from the edge (external parts) shows
a predominance of grooved surface areas (the grooves run
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Fig. 1 Frictional surface of a railway brake pad, with clearly visible
signs of overheating (circled)

(®)

Fig. 2 Microscopic image of the friction surface of the brake block,

a) external part, b) central part

parallel to the direction of movement, the cracks are per-
pendicular to the direction of movement).

These pictures also confirm that the central parts of the
friction surfaces heat up to a great extent. Traces of plas-
tic deformation are visible on the central surface parts.
The pattern of some areas of the surfaces is close to a tri-
bological oxidative wear. This kind of duality leads to
the conclusion that adhesive wear and tribological oxida-
tive wear also develops between the contacting surfaces.
The thermal shock caused by the resulting high tempera-
ture is responsible for the formation of cracks. Of course,
the damage caused by heat affects not only the brake
blocks, but also the wheels of the wagons. Repairing them
is very expensive and time-consuming. One of the causes
of the resulting damage is poor heat dissipation.

The striped wear pattern visible on the outer parts of
the brake block clearly shows that the wear is caused by
abrasive contaminants. The abrasive contaminant can be
airborne dust (SiO,) or wear products from the brake pad
itself (Affonso, 2007; Staffelini, 2015; Williams, 2005).

By avoiding the described processes, brake blocks and
wagon wheels can have a longer service life. Today's eco-
nomic trend is to convert the linear economic form to
the circular economy form. One of the tools of the 10R
principle is increasing the service life (renew/rethink) of
structures and components (Borsodi and Takacs 2023).
According to this trend, the examination of the brake
blocks and the determination of the required parameters
for the numerical simulation were started.

Besides the optical microscopic examination, surface
roughness tests were performed to measure the difference
between the external and central parts of the surfaces.
A 4 mm x 4 mm surface on both examined surface parts
were chosen (Fig. 3), since they represent the best the sur-
face structure.

On the designated surface measurements were performed
in two directions. One of the directions is the longitudinal
direction of the brake block (y), which is the same as the
direction of the movement between the block and the wheel.
The other direction is perpendicular to the previous one (x).

The structural difference between the two surfaces is
also clearly visible in Fig. 3. The values of the measured
surface roughness are summarized in Table 1, where R,
is arithmetic average of profile height deviations from the
mean line, and R, is root mean square average of profile
height deviations from the mean line.

The values in the table also show that the surface
roughness of the central part of the brake block changes
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Fig. 3 The image of the selected surfaces is coloured according to

height, a) the external part of the brake pad, b) the central part of
the brake pad

Table 1 The measured surface roughness (R , R )

direction y direction x change
R,=0.59 R, =118 200%
External part
R =0.88 R =168 190%
R, =2.59 R, =3.84 148%
Central part
R =338 R =493 129%

to a much lesser extent as a result of the change in the
examination direction. This fact also allows a conclusion,
namely that the friction and wear conditions of the middle
parts differ from each other. While abrasive wear occurs on
the edge, adhesive wear occurs on the inner parts. As the
temperature increases, the friction coefficient of steel-iron
alloys decreases (rapidly up to 200 °C, less from then on,
it stabilizes above 600 °C) (Straffelini, 2015). The decreas-
ing friction factor can be offset by increasing the clamping
force to create the required frictional force. This process
moves in the direction of ever-increasing temperature.
By keeping the surface temperature of the brake blocks
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low (below 200 °C), the process can be avoided, and this
kind of damage to the brake blocks is also reduced.

3 Heat conduction experiments

Test specimens were manufactured out of the used cargo
railroad block received from the supporting company in
order to test them in the test machine of Falex Tribology
NV. The test specimens were made in two sizes and from
two different materials. In this publication, only the results
of the experiments carried out with cast-iron, circular
specimens are briefly described. The test specimens are
shown in Fig. 4.

The cylindrical specimens — called disk from hereon —
have a diameter of 54 mm and a height of 15 mm. Fig. 5
shows the test equipment where the disks are tested (in this
picture the disk is made of copper). The device consists
of two cylindrical components clamped together with a
constant load (10 1bf) while the upper element rotates at a
constant speed.

The contact takes place along the circular ring formed on
the front surface of the rotating upper element. The width
of the ring is 4.5 mm. During the experiments, the material
of the specimen changes, while the rotating counterpart
is always the same (steel). The friction between the rotat-

ing and stable part generates the heat, and the temperature

Fig. 4 The created cast-iron test specimens
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Fig. 5 Design of the test equipment, test run with a copper test
specimen at Falex Tribology NV
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values are measured at the top and the bottom of the speci-
men, and under the specimen in the base element.

One of the results can be seen in Fig. 6. The time is
given on the x-axis in secundum. The rotation speed val-
ues are marked on the right y-axis, and the temperature in
°C is given on the left y-axis.

Knowing the test results, our goal is to create a numer-
ical simulation in which the test conditions can be mod-
elled, especially the heat conduction behaviour of the var-
ious materials. The results achieved so far in the Ansys
program (Ansys, 2023a) are presented in the next chapter.

4 Set up of the numerical simulation model

Ansys 2023 R1 version was used for the numerical simula-
tion. In the program, several options are available for test-
ing heat conduction. In addition to the classical Thermal
(Steady State or Transient) analysis, the Mechanical envi-
ronment and the few years ago introduced Coupled Field
module. All three have advantages and disadvantages com-
pared to each other. The best one would be the Coupled
Field module, since by simulating the movement of the
rotating element, the heat generated by the friction will be
the source of the heat (Szabo and Varkuliné Szarka, 2019;
Sziics et al., 2010).

As a first step, two rings are used and the temperature
distribution needs to be determined in the lower, fixed test
piece. The rotor is above the specimen, the rotating speed
is 600 rpm and the rings are pressed together with a force
of 45 N. The simulation ran for | s to test the program,
that the upper part really rotated, and the heat transfer
took place. Fig. 7 shows the result, where a temperature of
22 °C was prescribed for the external environment and the
maximum heating was 26 °C due to friction.
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Fig. 6 The result of a test run on a cast alloy test specimen
(identification number:33672)

Fig. 7 The small temperature rise in Coupled Field module

The experiments started with a rotation speed of
200 rpm and increased the rotation speed by 100 rpm
every 200 s until they reached 1000 s. Since our calcula-
tions has to be compared to the experimental results, we
started a 100 s run. However unfortunately our computer
couldn't cope with this set up, so another solution had to be
found. Two different ways were decided: one of them is the
thermal analysis in the Mechanical module and the other
is the flow and heat transfer around the specimen, which is
task of the Fluent software (Ansys, 2023a).

4.1 Thermal analysis in Ansys mechanical

A new CAD model was created for the thermal analysis.
At the top of the specimen a ring shaped surface w as cre-
ated. The measured temperatures from the experiment were
applied. No simulation is totally equal with the experiment.
The origan experiment lasted 1000 s (almost 17 minutes).
A 14 s long period in the FEA program (Ansys, 2023b) gives



almost the same thermal distribution as the experiment.
In Fig. 8 you can see the new CAD model, where at the ring
shaped surface (red) the constant (measured) temperature is
prescribed (80.8 °C). At the bottom of the model a fixed sup-
port is used, and the temperature of the environment was
24.9 °C (this was the started temperature in the experiment).

The temperature distribution of the new model can be
seen in Fig. 9. The bottom temperature of the element is
about 66 °C. The small holes on the side of the body repre-
sent the place of the thermocouples in the experiment. At
the bottom hole we get about 63 °C. 14 s to the simulation
time was applied.

4.2 Thermal analysis in Ansys Fluent

An air domain with a radius of 40 mm was placed around
the test specimen in Fig. 8. A velocity inlet for the bot-
tom of the outer surface, and a pressure outlet boundary
condition for the other surfaces was prescribed. The tem-
perature of the ambience environment was given as 22 °C.
During the measurement, the temperature of the friction
surface increases continuously, so a curve was fitted to the
measured values. For the numerical simulation, the fric-
tion surface was not given as a constant value, but it was

prescribed by a linear function.

Fig. 8 The new CAD model
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Fig. 9 The temperature distribution after 14 s
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For the mechanical modelling the finest mesh con-
sisted of approximately 200000 elements and the skew-
ness parameter of the cells remained below 0.86. For the
flow simulation a much finer mesh was needed. On the
one hand the external air domain was taken into account,
and on the other hand the boundary layer between the
solid and the air had to be more finely meshed due to the
more intense temperature changes. Therefore the mesh
consisted of 1.4 million hexa and tetra elements and the
skewness parameter of the cells is 0.91, which is still
considered adequate.

4.3 Comparison the result of the simulation and the
experiment

The results of the two simulations and the measurements
are summarised in Table 2. The difference between the
experimental data and the numerical simulations is shown.

It can be seen that the difference between the top tem-
perature is insignificant. The significant difference in the
bottom temperature value of the FEA is coming from
the fact that there is a constant 22 °C air temperature in
the model while in closed environment of the measure-
ment, the ambient temperature is continuously increasing.
The difference in the base temperature between the exper-
iment and the Fluent is caused by the different environ-
ment: in the experiment it is metal parts at the bottom the
assembly while in Fluent it is air since the goal was to cre-
ate a simplified model.

The achieved results are acceptable as the initial results
of the research work. Further adjustment of the finite ele-
ment model is necessary so that different macrostructural
changes of the specimen (printed versions) can also be
investigated. Currently, the biggest limitation is the com-
puting capacity, that hopefully will be solved successfully
in the next period of the project.

Table 2 The comparison of the measurement and the two type
of simulation

Measure- Ansys Ansys
ment FEA difference  Fluent difference
[°C] [°C] [°C]
Top
temp- 80.8 80.8°C 0% 78.6 3%
erature
Bottom
temp- 717 66 °C -15% 77.4 —1%
erature
Base
temp- 64.1 63°C 2% 713 +20%
erature
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5 Conclusions

It can be concluded that one of the most significant reasons
for the failure of railway brake blocks is their overheating.
Surfaces with different temperatures can be clearly sepa-
rated on the friction surface of the brake blocks. The wear
characteristics are also different. The microscopic and sur-
face roughness tests also supported this theory. The heat
conduction of the brake blocks was investigated both
experimentally and by simulation. Several possibilities
were examined and found conditions that showed a good
approximation in terms of heat distribution between the
experiment and the simulation.
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