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Experiment into Nondestructive Testing of Rail Foot Cracks
Using Infrared Thermal Waves

JIA Wenjing
(School of Automation and Electrical Engineering, Huainan Normal University, Huainan 232038, China)

Abstract: At present, ultrasonic testing is widely used in rail crack detection. However, in the process of
rail crack detection, there is a certain blind spot in this method, and cracks on both sides of the rail foot are
not detected. Aiming at these shortcomings, an infrared thermal wave nondestructive testing platform for
detecting cracks on the rail foot is proposed in this paper. Infrared thermal wave nondestructive testing for
rail cracks is a new research area in the field of infrared nondestructive testing, and the establishment of
the experimental platform mainly includes three parts: the selection of the thermal excitation source, the
construction of the experimental platform, and the extraction of the infrared images. The technology is
used to heat the surface of the rail foot through a thermal excitation source. According to the wave theory
of the heat transfer from the surface to the inside of the rail foot, the transfer process can be affected by the
rail’s physical characteristics and internal structure. If there are defects inside the rail, the distribution of
the temperature on the rail surface will be affected according to the type of defect. The location of the
internal defects of the rail can be determined according to the distribution of the surface temperature
information of the rail, thereby achieving the goal of crack detection in the rail. Experimental results show
that the surface temperature of the rail foot corresponding to the crack is higher than the corresponding rail
foot surface temperature without cracks, proving that infrared thermal wave NDT(non-destructive testing)
is feasible for rail crack detection.
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an indispensable part of social and economic

0 Introduction development. Due to its characteristics of safety,

Railway transportation is a national economic artery and ~ economy, high speed, and large capacity, railway
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transportation is the backbone of China's comprehensive
transportation system. In addition, it plays an important
role in the development of the social economy and the
improvement of people's lives. Rails are an essential part
of the railway operation, and monitoring them for
damage is vital to ensure safe operation of the trains!"’.

Since 1997, China's railway operation speed has been
upgraded six times. At present, train operation speeds on
the main trunk lines of China's railway can reach 200
km/h, and on some routes this can reach 250 km/h. As a
result, China's railway transportation system has stepped
into the era of high-speed operation. With the continuous
improvement of train speed, ensuring train safety has
become the top priority for railway development.
Although railway departments actively promote the
laying of CWR(continuous welded rail), rail joints are
still used near buffer sections and turnout areas of many
trunk lines, which are not smooth. When a high-speed
train passes through an area of track irregularity, the
huge impact of the wheels on the track causes many new
forms of rail cracking, which is a serious threat to the
safety of railway operation. At present, ultrasonic testing
is the most widely used rail crack detection method in
China's railways. In the ultrasonic testing method,
whether a large rail inspection vehicle or a small manual
reinspection vehicle is used, there is a certain blind spot
in the detection of rail bottom cracks, and cracks on both
sides of the rail foot cannot be detected. During rail
crack detection, the ultrasonic probe on the rail detection
vehicle sends out ultrasonic signals from the rail surface
inlet. Although the ultrasonic detection speed and
precision is high, the ultrasonic detection range is =10
mm in the center axis of the track, and defects inside the
two sides of the rail cannot be detected. To meet people’s
needs for safe railway operation and to ensure that the
train will not break or derail while running, the detection
of rail bottom cracks has received increasing attention
from railway departments. Hence, it is of great
theoretical significance and practical value to carry out
research into infrared thermal wave NDT(non-destructive
testing) of rail bottom cracks!”.

1 Infrared thermal imager

An infrared thermal imager is a device for detecting
infrared thermal radiation and the surface temperature
distribution of objects. According to blackbody theory,
except for an object at absolute zero (—273°C), any
object will emit infrared radiation. The infrared thermal
imager detects the radiation emitted by the object
through an infrared sensor and generates an infrared
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thermal image. An infrared thermal imager can
determine the internal structure of the object by
analyzing the temperature information on the surface of
the object, which can then be used to establish whether
the interior of the object is defective. At present, the
detection accuracy of infrared thermography is up to
0.02°C. In theory, provided the temperature distribution
of the rail surface is more than 0.02°C, the infrared
thermal imager can collect the temperature distribution
information from the surface of the rail foot, thus
realizing the objective of detecting any internal cracks.

An infrared thermal imager mainly consists of five
parts: the lens, infrared detector, electronic components,
software system, and the display element. The infrared
thermal imager takes pictures of the object through the
lens, and the infrared detector can detect infrared thermal
radiation emitted by the object. Electronic components
then convert the detected infrared thermal radiation into
electrical signals. The software system can transform the
electrical signal into an infrared thermal image with
temperature information, and finally display the infrared
image through the display element.

An infrared thermograph has better controllability
compared with other imaging equipment. It can be
connected to a computer by IEEE-1394 to realize the
output and storage of the infrared thermal image.
Moreover, it has powerful data processing capability and
can process 16-bit digital image information in real-time.
Compared with image processing equipment, an infrared
thermal imager has better measurement accuracy. The
measurement range is between 40 and 150°C, and the
accuracy of temperature measurement is better than
0.02°C. The infrared thermal images collected are
extremely high resolution, and each infrared thermal
image can reach 110592 pixels. An infrared thermal
imager also has two additional capabilities after
completing infrared thermal image acquisition. At
present, an advanced infrared thermal image analysis
system does not need to connect to a computer and can
complete the analysis of the infrared thermal image by
itself".

The infrared thermal imager used in this paper is the
fotric 220 series thermal imager provided by Shanghai
Juge company. The technical parameters of the infrared

thermal imager are shown in Table 1.
2 Heat sources

It is essential to carefully select the thermal excitation
source used in the infrared thermal wave NDT of active
rail bottom cracks. Different thermal excitation sources
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are selected to heat the rail bottom surface, and an
infrared thermal imager is used to collect the thermal
wave signal from it. According to the temperature
distribution of the rail bottom surface, an appropriate
thermal excitation source is selected. Traditional thermal
excitation sources include high-energy flash lamps,
U-type xenon flash lamps, lasers, halogen lamps, and hot
air. A halogen lamp is shown in Figure 1, and a U-type
xenon flash lamp is shown in Figure 2.

Table 1 Technical parameters of FOTRIC 220 series infrared

thermography

Technical indicators Specific parameters

Minimum focal length (FOV) 28 mmx21 mm

Spatial resolution(IFOV) 1.27 mrad(standard lens)

Thermal sensitivity/NETD <0.05C
Focus mode Manual focusing
Wavelength range 814 pm
Frame rate 50/60 Hz
Temperature range 0-150C

Fig. 1

The infrared image obtained by heating with the
halogen lamp is shown in Figure 3, and that obtained by
heating with the U-type xenon flash is shown in Figure 4.
The crack center temperature can reach 25.9 ‘C using a
U-type xenon flash lamp as the thermal excitation source,
and 38.2 “C using a halogen lamp.

By comparing and analyzing the heating effect of the
two kinds of thermal excitation source, such as the
heating time required for the rail foot surface to reach the
same temperature and the temperature achieved at the
rail foot surface with the same time, it can be shown that
the requirements for infrared thermal wave non-
destructive testing of active rail bottom cracks can be
met using the halogen lamp as the thermal excitation
source. Compared with the U-type xenon flash lamp, it
can operate at a higher temperature, and the efficiency in

Halogen lamp

heating the rail foot surface as a thermal excitation
source is higher. A halogen lamp only transforms 6% to
10% of electrical energy into light energy, and the
remaining part is converted into heat energy. Moreover, a
halogen lamp has the advantages of low cost, long
service life, good seismic resistance, and easy heat
control, which is more suitable for the infrared thermal
wave detection system of rail bottom cracks. The
halogen lamp can transfer different heat energies
according to the length of the heating time. The
maximum energy of the halogen lamp is 4500 J, and the
minimum energy is 700 J©°),

Fig. 3 Infrared image of halogen lamp heating

Fig.4

Infrared image heated by U-type xenon flash
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3 Experimental platform construction

The active infrared thermal wave nondestructive testing
system is mainly used to complete the detection of rail
bottom cracks. The whole system consists of three parts:
the thermal excitation source (halogen lamp), the image
processing system (computer analysis software), and the
image acquisition system (infrared thermal imager)[S].

The experimental block diagram is shown in Figure 5.
The detection process of the system uses a 1000 W
halogen lamp for actively heating the rail foot surface,
and the heat flow transfers from the surface to the rail
interior. After heating is completed, an infrared thermal
image of the rail foot surface is collected by the infrared
thermal imager. The infrared thermal image of the rail
foot crack collected by the online infrared image analysis
software in the computer is processed according to the
temperature in the thermal image and is used to
determine whether there are defects in the rail foot.

As shown in Figure 5, an experimental platform for
non-destructive infrared thermal wave detection of rail
foot cracks in active rails has been built, and the
procedural steps for the experimental platform are as
follows:

oFirst, the foot surface of the rail should be treated,
and dust and rust on the rail foot surface should be
ground clean.

Power control | Image processing

system system
A
A 4
Halogen
lamp Computer
Rail |()= th:r]rggrgergph —| Image acquisition
system

Fig.5 Block diagram of infrared thermal wave nondestructive
testing of rail foot crack in active rail

o Installation of halogen lamps. Hang two 1000 W
halogen lamps on the lamp cylinder pole, erect a tripod
at each end of the lamp cylinder pole and fix the lamp
cylinder pole across it. Adjust the height of the tripods
and the angle of the halogen lamps to aim the halogen
lamps at the surface of the rail foot, at the crack.

eSet-up of the infrared thermal imager. The cracks are
detected by an ordinary lens and two macro lenses (50
and 100 mm). The quality of the image acquisition is
closely related to the location of the infrared thermal
imager and the selection of the lens.

eFinally, the infrared thermal imager is connected to
the computer, the on-line infrared thermal image analysis
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software is opened, and the collection of the infrared
image is started. The infrared thermal imager requires
heating by a thermal shock source for 5 s before
collecting infrared images.

After the set-up of the infrared thermal wave
nondestructive testing system for rail bottom cracks, the
system needs to be debugged. First, turn on the thermal
imager and start the on-line infrared thermal image
analysis software on the computer. When the thermal
imager is in a stable working mode, observe whether the
thermal image displayed by the computer in real-time
meets the requirements of the rail bottom crack detection
experiment. According to the different detection methods
used, the infrared thermal wave nondestructive testing
experiment for rail bottom cracks can be split into
single-sided and double-sided detection methods. The
single-sided detection method has the thermal excitation
source and the infrared thermal imager on the same side
of the rail. The double-sided detection method has the
thermal excitation source and the infrared thermal
imager on opposite sides of the rail. However, due to the
real-time requirements of rail bottom crack detection, the
thermal imager and the thermal excitation source must be
on the same side. In this paper, the single-sided detection
method is used to collect the infrared thermal images of
rail bottom cracks. The experimental platform for
infrared thermal wave nondestructive testing of rail
bottom cracks based on this active method is shown in
Figure 6.

Fig.6 Experimental photo of infrared thermal wave

nondestructive testing of rail foot cracks

4 Infrared image acquisition and analysis

4.1 Infrared image acquisition

The process of collecting the infrared thermal image of
the rail bottom crack is started by turning on the power
supply of the halogen lamp and letting the halogen lamp
start heating. Then the infrared thermal image meter and
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computer are turned on after heating for 5s. Next, the
infrared thermal image of the rail foot surface collected
by the infrared thermal imager is transmitted to the
computer. The time taken to collect the thermal image by
the infrared thermal imager is 2 s. There are two points to
note in the infrared image acquisition process of the rail
bottom cracks. First, it is necessary to locate the crack
position with the tip of a pen and then fix the external
thermal imager on the bracket according to the pen-tip
position to get the best infrared thermal imager position.
Second, due to corrosion of the rail foot surface caused
by long-term use of the rail, the surface photothermal
refractive index varies. Black ink is therefore applied to
the rail foot surface to reduce its refractive index!®. The
process of rail heating and cooling was photographed
during the experiment, and results showed that the effect
of rail heating is better using this method. The
experimental results show that the best quality infrared
image is obtained when the lens is 9 cm away from the
rail foot surface.

4.2 Infrared image analysis

The infrared image of the rail crack was analyzed online.
ThermoX infrared image online analysis software was
opened on the computer, the infrared image of the rail
foot crack was input, and the temperature distribution in
the image was analyzed. The interface screenshot of the
online rail crack infrared image analysis software is
shown in Figure 7.
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Fig.7 Interface screenshot of rail foot crack infrared image
analysis software

The results of the on-line analysis of the rail foot crack
infrared images are also shown in Figure 7. The upper
left corner of the image shows the infrared image video
and dynamic histogram. From this module, it can be seen
that the highest temperature point is at the crack in the
the highest
temperature point reached 26.7°C, and the lowest
temperature  point 14.1°C. Looking at the
temperature distribution information in the image, it is

rail bottom. Over the whole image,

was

easy to determine the position and shape of the internal
crack in the rail foot. The upper right corner of the figure
is the set-up control area for the thermal imager, where it
is possible to choose the interface mode between the
thermal imager and the computer. The lower-left corner
of the image is the real-time temperature curve of the rail
bottom crack image. The highest temperature value of
the real-time curve shown in red is 26.7°C, and the
average temperature value of the real-time curve shown
in black is 22°C, The lower right corner of the image is
the image saving control area. This module can set the
brightness and contrast of the image and set the
temperature curve to be displayed.

5 Summary

A test platform for rail foot crack detection based on
infrared thermal wave NDT was established, and a
halogen lamp was used as the thermal excitation source
after experimental comparison. The surface of the rail
foot is heated by the halogen lamp, and infrared thermal
images are captured by an infrared thermal imager.
Infrared image analysis software is then used to analyze
the rail crack images. Through this analysis, the
temperature of the rail surface corresponding to the crack
is higher than the surface temperature of the rail without
a crack. The experimental results agree with simulation
results, indicating that this infrared nondestructive
testing technology for rail crack detection is feasible.
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