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Abstract: The article deals with the use of thermography for the detection of the course of temperature fields
during braking. Substantially higher demands on the reliability and safety of individual parts of the braking sys-
tem are required with the increasing speed of rail vehicles. The noise parameter is also important in addition to
the safety itself. Noise arises due to braking by brake with cast iron blocks. One of the possibilities of reducing
noise is the use of composite materials for the production of brake blocks. A higher friction coefficient is a disa-
dvantage of the use of brake blocks made of composite materials. These are much worse heat conductors than cast
iron blocks. This causes damage to the tread of the railway wheel. The use of infrared thermography is one way of
detecting thermal fields. It is a method that allows a non-contacting way to display, measure and analyze a tempe-
rature field on the surface body.
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red thermography may be used to detect the layout pat-

1 Introduction terns of temperature field. It is a method that allows the

With the increasing speed of rail vehicles, increasing
demands on reliability and especially on the safety of in-
dividual parts of the braking system. [1, 2, 3, 4] Braking
with used cast iron brakes creates excessive noise. One of
the measures is the use of composite materials for the pro-
duction of brake blocks. The main disadvantage of this
solution is that composite brake blocks have a higher
friction coefficient and are much worse heat conductors
than cast iron brake blocks. This causes damage to the
running surface of the wheel. [8, 9, 11, 13] Therefore, the
properties of such blocks made of composite materials
must be tested and their operation be verified by tests ac-
cording to standards and regulations. [5, 6, 7, 10, 12, 14,
22] One of the possibilities of testing is to perform tests
on brake conditions in laboratories. [15,16,20] The infra-

107 10 10% 10'8 10 10t 10'2

v rays X rays uv IR

10" o 1072 100 10 | 1o® 107

| Visible spectrum

) I I I |

Microwave |FM

contact surface to display, measure and analyze the tem-
perature field on the surface of the body.

2 Infrared termography

Infrared radiation is part of the spectrum of electro-
magnetic radiation. It has the nature of visible radiation.
It is formed by transverse electromagnetic waves which
propagate in a homogeneous environment, in vacuum, in
gases, in liquids and in solids, in a straight line. Infrared
radiation is the invisible part of the electromagnetic
spectrum exhibiting thermal effects (Fig. 1). The radia-
tion has a wavelength in the range of about 0.75 pm to 1
mm - the area above the visible portion. Visible radiation
corresponding to the spectral sensitivity of the human eye
lies within the wavelength range of about 0.38 um to 0.78
pm.
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Fig. 1 Electromagnetic spectrum
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Heat radiation is the radiation that transmits heat
energy. Heat radiation is emitted by the surface of all bo-
dies whose temperature is higher than 0 K (-273.5 ° C).
The radiated spectrum is continuous.

The term thermography means a method for display-
ing temperature fields on the surface of the sensed bodies.
The surface temperature distribution is represented by the
energy and density of the photons emitted from the sur-
face of the sensed body and its evaluation by quantifica-
tion. Infrared thermography is also a name for a technique
that is generally a certain transformation system by which
invisible infrared radiation from an object can be displa-
yed to the human eye, depending on its thermal state. In
our terms is thermodynamics (thermography) generally
referred to as non-contact thermography, respectively, its
use infrared imaging systems (also called infra-cameras,
thermocouples, thermographic systems, infrared thermo-
graphic systems / cameras). [21]
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3 The basic principle of thermography

The basic principle of thermography is to detect the
energy of radiation emitted from the measured body. This
energy represents the temperatures (temperature field)
mostly on the surface of the measured body and further
the display and quantification (evaluation) of the tempe-
rature fields.

Fig. 2 shows a measurement string consisting of the
following elements:

1. background, surroundings of the measured body
(object),

2. own measured body (object),

3. the atmosphere between the measured body and the
measuring system,

4. measuring system.
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Fig. 2 Overview of individual flows incident on the detector

Into the measuring (thermographic) system three radi-
ation flows enter according to the picture:

= the radiation from the measured object, the
intensity of which is proportional to the
emissivity ¢, passes through the atmosphere
with the coefficient of throughput 7,

= radiation, resp. Reflecting radiation from the
surface of a measured object is called the ap-
parent temperature,

= radiation of the atmosphere. [21]

4 Systems and sensors

Fig. 3 Black and white and color termogram

A typical thermographic system is similar to a cam-
corder that, unlike a camcorder, displays the thermal ra-
diation of an object (objects) mostly at a standard televi-
sion picture frequency.

More sophisticated infrared cameras can not only dis-
play the temperature field of the object (mostly their sur-
face), but also allow these fields to quantify - to evaluate
the temperatures of these fields, for now commonly avai-
lable systems in the temperature range from - 40 °C to
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+ 2000 °C with an image frequency of up to 50 Hz. The
actual display of the thermal (temperature) field - the ther-
mogram, can be either black and white or (pseudo) color
(Fig. 3).

The basic element of the system is the radiation de-
tector that converts the incident radiation flux into an
electrical signal. Infrared radiation detectors used in ther-
mography can be divided into two basic groups:

=  Quantum detectors - radiation are converted di-
rectly to an electrical signal,

= Heat detectors - radiation detectors heats each
detector and evaluates the temperature change.

Photonic detectors have a high sensitivity, they are
very stable, they are used for shortwave and longwave
zone that interest us in measuring the temperature most,
but at the cost of having detectors cool. This can be
energy and time consuming. The detector is cooled using
liquid nitrogen, or in modern cooled detectors is used the
Stirling engine.

Thermal detectors or micro-bolometer detectors are
made on a totally different basis and do not need to be
cooled. This, however, was a major problem in the past,
as the uncooled detectors had a lower sensitivity. Today's
micro-bolometers are very close to their sensitivity to
cold detectors, but they still have their limits, for
example, in speed and the need to check whether all indi-
vidual pixels measure the same, with the same offset or
sensitivity. For this reason, for cold detectors, a "shutter"
function is introduced which allows the detector to perio-
dically check the above values.

Today's micro-bolometric fields are usually made on
monolithic silicon substrates as common integrated circu-
its. These miniature bolometers are arranged in the Focal
plane array (FPA). Apart from the sensor itself, the chips
also contain reader electronics and other auxiliary circu-
its. The whole chip is located in the evacuated case. The
bridge structure provides good thermal insulation
between the micro-bolometer and the silicon substrate.
The pixel density of micro-bolometers varies from 4 x 4
to 640 x 480 pixels. [21]

5 Detection of temperature during braking
with cast iron brake block on the test con-
dition of the braking components
RAILBCOT

The measurement was performed during the braking
forces setting in the braking unit on the test condition of
the RAILBCOT braking components as can be seen in
Fig. 4. The FLUKE Ti 400 Thermal Camera (Fig. 5) with
bolometer (thermal) detector was used to measure the
temperature. [17, 18, 19]

Technical parameters:

=  Temperature range (not calibrated below -10
°C) -20 °C to + 1200 °C,

=  Accuracy of temperature measurement + 2
°C or 2% (at 25 °C nominal, whichever is

greater)

=  on-screen emissivity correction (by number
and table),

=  on-screen reflection background temperature
compensation,

= on - screen transmission correction.
Image performance:

* 9 Hz scanning frequency,

= detector type focal plane beam, uncooled
microbolometer, 320 x 240 pixels,

= temperature sensitivity (NETD) - 0.05 °C at
30 °C,

= total pixels 76,800,

= aninfrared spectral band of 7.5 to 14 um,

= visual (visible light), industrial camera 5.0
MPx,

= standard infrared lens type,

= field of view 24° x 17°,

= gpatial resolution (IFOV) of 1.31 mrad,

=  minimum focal length of 15 cm.

Traeaery
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Fig. 5 Thermal camera FLUKE Ti 400
The course of normal force (Fig. 6) in the brake unit
that was act to the cast iron brake block is shown in
Tab. 1. The ambient temperature was 18 °C. The emissi-
vity value was set to 0.60.

Tab. 1 Effect of normal force on the brake block
Effect of normal force on the brake block

Interval of acting force (s) | Size of normal force
0 0
10-20 500
20-30 1000
30-40 1500
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The course of normal force
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Fig. 6 Course of normal force

At the beginning of the braking (Fig. 7), the wheel and
the brake block came into contact at the edges of the brake
block where two areas were created in which the tempe-
rature increased.

Max = >80%0
Prum. = 26,1
Min = 22,5

Fig. 7 Temperatures detected by thermal camera
FLUKE at the beginning of braking

Max = >250%0
Prum. = 101,9
Min = 23,0

Fig. 8 Maximum values detected by thermal camera
FLUKE

Cooling of the brake block
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Fig. 9 Cooling curve

After a few seconds of braking, the temperature in the
brake block has risen above 250°C (Fig. 8).

After the braking, the cooling of the brake block was
determined the course. In Fig. 9 it is possible to see the
course of cooling which has a decreasing tendency.

After several braking cycle repetitions, it is possible
to observe brake block wear (Fig. 10).

Fig. 10 Wear on cast iron brake block

6 Conclusion

The subject of the article is a description of the survey
of the temperature fields through the use of infrared ther-
mography. It is a method that uses the non-contact prin-
ciple of measurement, respectively to find out tempera-
ture field course. The advantage is that it is a contactless
and relatively fast method. The disadvantages certainly
include that the size of the detected signal from all signal
sources is influenced by the environment in which the in-
frared radiation spreads. This means that for the correct
measurement we have to ensure optimal conditions. We
also need to know, if possible, the correct values of emis-
sivity, the reflected apparent temperature, the distance
and the relative humidity of the atmosphere and the tem-
perature of the atmosphere.

The values of the temperature fields for braking by
cast iron brake blocks are relative, due to the absence of
optimal conditions, but sufficient to detect the heat dissi-
pation in the brake block during braking and its sub-
sequent cooling.
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