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Abstract: - Currently the rail transport is marked by a clear predominance of passenger traffic, due to its
safety and its comfort. However, with new high-speed trains’ technologies and significant movement
frequencies, the rails are particularly more solicited. Therefore, the quality of the rail is an important
element of the comfort felt by passengers and especially the safety of traffic. This quality is degraded by
the presence of defects in the welding of the rails. Depending on the criticality of the defects, damaging
processes can disable the rail. The control of these defects seems to be necessary for a better prevention of
any breakdown risk. This is what motivated our research, through which we had developed a method to
control the angles’ selection of ultrasonic waves’ propagation, for a better visualization of internal rail
defects with their measurements/sizes and locations. Thanks to our method, we were able to improve the
control and afterward the maintenance; knowing that the former method is limited only to the anomaly

detection.
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1. INTRODUCTION

Rail transport is the most efficient and dominant
mode of transport, therefore, it’s essential to ensure
that users can travel comfortably and safely.
However, facing the development of new high-
speed trains technologies and the increase in traffic,
railways are frequently used, not to mention that the
rail is the main source of dynamic stress experienced
by a vehicle when it’s moving. The track quality is
an important element of the comfort felt by
passengers and especially traffic safety. This quality
is degraded by the presence of welding defects in the
rails. Depending on the criticality of the defects,
damage process can disable the rail. The control of
these defects seems to be necessary for a better
prevention of any breakdown risk. Railways control
studies showed the presence of cracks and defects in
the rails mainly the areas of welded joints [1, 2, 3].
Eventually, this phenomenon causes the failure of
the rail [4].

After a brief state of the methods of connecting
rails and methods of non-destructive testing of
welding, we had identified the causes of these
defects largely related to the conditions of makings
[5]. Moreover, the objective of this work is to
produce a method of controlling the selection of

propagation angles of ultrasonic waves, in order to
visualize in a better way, the internal rail defects that
is, their sizes/measurements and locations. The
approach is based on data from the performed
inspections. Indeed from a variety of ultrasonic
waves’ distribution angles results, we finely
reconstitute clouds of points associated to various
detected defects. For each defect, we determine its
geometry as well as its position thanks to ultrasonic
waves and to suitable incidence angles.

2. OBJECTIVE OF ULTRASONIC
TESTING

In the presence of internal defects, constraints
and dynamic overloads to which the rails are
subjected can cause damage. Therefore, it’s
important to develop an approach to control these
defects so that the necessary measures are taken in
time and the traffic safety remains ensured [6].

In this study, we try to improve the ultrasonic
testing procedure by realizing angles of incidence
properly well-adapted for a better characterization of
the defects which will allow us afterward to specify
the geometry and the position of the detected defect.
Through this method, the sweeping of three zones
(Rail center, the doors of joining to skate, skate
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wings), is realized. To apply our approach, we
considered  portions of  rail containing

aluminothermic welding (Fig. 1).

b, “oee-

Figﬁre 1. Poftions of rail to be conrolled.
3. PRINCIPLE OF THE METHOD

The principle of the method which we are going
to consider consists in using a coupling (water or
gel) between the transducer and the piece to ensure
the waves transmission [7]. When these ultrasounds
meet an interface bounding two areas with different
acoustic impedances, there is a reflection. The
reflected ultrasound is detected by a sensor (which
may be the same as the transmitter). An "echo" is
produced [8].

When it comes to a piece having two surfaces,
the defect detection is made by comparing the
necessary time to make a round trip within the piece
thickness to the time taken for the reflection on a
defect. These echoes are visualized by peaks on a
screen.

3.1. Studied defects

The sought-after defects that affect the rails’
quality and their mechanical characteristics are [9,
10]:

- Adhesion defects: lack of fusion in the central
area of the thermite weld of the rail, in litters
of jointing or at the skate wings.

- Porosity: defects nearly spherical of any
distribution. These are gas bubbles which are
released during solidification and are trapped
in the metal. For a better detection using
ultrasound, they must have a particular
volume.

- Hot tearing: in the filler metal (in the case of
aluminothermic welding).

3.2. Control device

The control shown in (Fig. 2) includes a
computer equipped with software (SDMSLite).
Waves’ immersion and signals’ acquisition are
performed using a device SOFRANEL, which has a
rising time < 10ns within 50 Q and a recurrence
frequency adjustable between 35 and 500 Hz. It
shows on the same screen the signals (Fig. 2). The
transducers used in our tests are:

o transducer 0°

o transducer TM 45 GS with its support for
45°-transversal waves.

o 2 Transducers METALSCAN PSR CPE
transmitter 45° OL receptor 67° OT.

o 2 Transducers METALSCAN PSR SC
CAPAI1 transmitter and receptor 70°; 35°
transverse waves.

Ultrasonic Software

Figure 2. The control device

3.3. Decomposition of the profile in control
areas

To properly locate defects, we divide the rail
profile into several sub-areas [11] (Fig. 3):

o Z1: Central area from the web to the
foot-bottom.

o Z2 and Z2': Superior central areas of the
head up to 52 mm deep.

o Z3 and Z3": Fishing surfaces.
o Z4 and Z4': foot wings.
This delineation will allow us to a better

identification of control areas. Thereafter, the wave
propagation over the entire rail is mastered.
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Figure 3. The different control zones

4. LOCATION OF THE WELDING
DEFECTS

The experimental technique is to carry out
checking on parts of rails containing aluminothermic
welding to find out about the geometry and position
of internal defects. The process includes three scans
(A, B, C) according to the different areas (central of
the feet, the fishing surfaces, and the feet’s wings)
[12].

4.1. Search for adhesion defects inside the
rail’s central area (web) z1; z2 (scan-A):

This first step consists in detecting defects in the
central zone Z;. The probe is positioned depending
on the geometry and depth of the zone. Scan-A
corresponds to the side scan with a small
displacement step and using different transducers.
We start by scanning at 0 ° followed by 35 ©, 45 °
(see Fig. 4) [13, 14, 15].

The device is placed in the center of the side
surface portion at a distance H of the weld. The
operation is repeated in the same way on the other
side of the weld at the same distance H [3].

4.2. Search for errors under the rail fishing
surfaces z3; z3’ (scan-B):

The scan-B consists in the detection of defects in
both zones Z3 and Z3’. This time, the transducer is
located above the fishplates’ surfaces on each side of
the weld in order to establish the sector-scan mode.
The use of the receiver captures the ultrasonic beam
emitted at an angle of 45 © and refracted on the side
of the weld at an angle of 67 ° (Fig. 5). The two
devices are positioned (without scan) at a distance of
10 mm from the edge of the weld in each fishing
surface [10, 13, 16].

d2 (angle control) ...

idl (Defect adhesion):

Wave
transducer 45°

Wave transducer 35°

Figure 4. Test bench for the Scan-A according to
European standards [17].

4__,—\'Velding

Defect
(Adhesion)

10 mm

al

Longitudinal waves 67°
Longitudinal waves 45°

Figure 5. Test bench for the Scan-B (waves
transducer 67°, 45°).
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4.3. Search of adhesion defects inside the
foot’s wings of the rail (scan-C):

As regards the scan-C, it is used to control the
two wings of the rail Z4 and Z4’. The specific
transducer is placed on the fishing surfaces on both
sides of the welding, (Fig. 6). Waves issued from the
transducer at 70° are refracted to the receiver at the
same angle. Using a 70° transducer allowed us to
sweep both zones Z4 and Z4’ without any need to
add a second one [11, 18].

4 Velding

Defect
‘_(Adhesinn)

10mm

Figure 6. Test bench for the Scan-C.

5. NUMERICAL RECONSTRUCTION OF
THE DEFECT

The presence of a defect generates a peak at a
distance D from the input. This distance represents
its depth. Due to the emission of ultrasonic signals in
different areas, and the increasing number of paths,
we were able to determine the locations of various
defects, figure 7 (1). From these coordinate
locations, we built clouds of dots which we refined
subsequently using CATIA, figure 7 (2, 3). The
result is a digital 3D reconstruction of defects with
accurate details on the position, geometry and the
size, (Fig. 7).

2

G )

Figure 7. Different steps for generating mapping
faults: (1) Scans performed (2) pic defects (3)
Clouds refined dot (4) Defect mapping.

(b)

Figure 8. Echoes generated by the device for the 3
segments (a), (b) and (c).
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6. OUTCOMES

Our approach was applied to three sections of rail
containing  aluminothermic  welding junctions.
Among the results obtained for each studied
segment, the echoes peaks generated by the
device indicate the presence of defects and their
location (Fig. 8).

According to these pictures, we can notice that
for the three sections (a, b and c), the threshold was
exceeded which means that it is a relatively critical
defect. For section (a) we don’t detect any defects.
From these signals, we had inferred the coordinates
of the dots associated with the shape and position of
the detected defects. With these points, we generated
clouds as shown in Fig. 9 below.

Figure 9. Nuages des points associés aux défauts
détectés dans les trongons différents (a), (b) et (c).

For the section (a), the dots cloud is located in the
central zone Z1 and particularly in zones Z3 and Z3'
(Fig. 9).

In the section (b), the dots cloud is identified in
the central zone Z1.

For section (c) we found a horizontal crack
initiated from the weld adjacent to the web / head
fillet.

Through the inspections we had done, we had
highlighted the position and geometry of the
encountered defects in the central part and the
fishing surfaces. After performing our audit, the rail
sections are cut to visualize the actual internal
defects and compare them with the maps that we
obtained numerically. This comparison is illustrated
in Fig. 10.

(©)

Figure 10. Comparison between real defects and
numerical cartography.

According to the figure 10, we can notice a very
good consistency between the results of our
approach based on ultrasonic technique and actual
defects located inside the rail. Indeed, obtaining an
image with good definition depends on increasing
the number of paths. [19] All the signals acquired on
trajectories following different directions allow us
to go back accurately to the acoustic impedance at
each point. Unfortunately, in reality, technicians
separately perform subfield control profiles ignoring
all signals produced.

That’s what makes the current approach used by
technicians much less efficient than our method.
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7. CONCLUSIONS

Through our study, we developed a new
approach based on the technique of ultrasonic waves
to characterize internal defects in rails and
particularly in the weld Aluminothermic welding
joint. In this new approach, we considered all the
echoes to produce a dots cloud. From this dots
cloud, we were able to develop an accurate
assessment of internal defects in rails.

To validate our approach, three portions of the
rail were studied. For each of these sections, we
have a perfect match between real defects and digital
reconstructions we had realized using our approach.
This concordance was obtained not only at the
location, but also at level of the geometric shape.
Unlike the current approach followed by technicians,
our method provides more details on the same
defects in inaccessible places inside the rail profile.
Therefore, it is recommended to follow our approach
for a better control and guarantee of the necessary
security precautions.
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