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Abstract. Some years ago two railway inspection trains (RIT) already equipped
with ultrasound, had additional advanced eddy current techniques installed. Recently
a new RIT was equipped with a system that was designed, from the beginning, to
employ a combination of these two techniques for non-destructive rail inspection.
The eddy current technique has been developed to enable identification and
evaluation of rolling contact fatigue (RCF) defects. The ultrasound technique is
aimed at measurements in the rail bulk volume, which are not feasible using the
eddy current technique. Experience gained from application has shown that clear
improvement on rail inspection can be achieved. For example, following Deutsche
Bahn DB (German Rail) AG guideline defects which are classified as group 2 using
ultrasound testing can be further labelled as “distinguished positions” if for example
head checking can be identified in the same position using the eddy current
technique i.e. the new technique is capable of identifying two fundamentally
different types of defects occurring at the same location. Such defects can then be
classified as Group 1 equivalent according to the DB AG guideline. Furthermore,problem cases in the past, such as the decision whether a weld or rail joint is present
for a fishing table can be reliably determined using additional information from the
eddy current technique. In this presentation examples will be provided to
demonstrate application.

Introduction
50 years ago mechanized testing of rails with the help of ultrasonic test vehicles was
introduced in Germany. At that time the basis was laid for a very quick and efficient
inspection technique to guarantee a safe operation of rail traffic. Originally, the inspection
was aimed at inhomogeneities inside the rail. Mostly For the most part such
inhomogeneities were a result of fabrication defects. By steady operating load such internal
inhomogeneities can result in rail breakage. Today – due to better manufacturing methods –
these fabrication defects play a subordinated roll. Nowadays, damages on rails increasingly
originate from the surface as a result of rolling contact fatigue (RCF). Such damages are
exceptionally dangerous for the operation of rail traffic, a fact that became evident in
connection with the tragic railway accident in Hatfield in Nov. 2000. The problem of these
new damages was recognized earlier, so the German Rail PLC decided already in 1999 to
establish the eddy-current test method as an additional non-destructive test method
especially for checking the rail surfaces for rolling contact fatigue. In Germany, up to now
three test vehicles for ultrasonic inspection were, in addition equipped with an eddy current
inspection system. Meanwhile some experience was made with the practical application of
this additional inspection technique. The results are very encouraging and one can assume
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that the eddy-current method will prove itself as an efficient inspection technique within the
scope of operational control of rail surfaces. This article addresses the combined
interpretation of ultrasonic and eddy current indications for improved and more reliable test
results.
1. Ultrasonic and Eddy Current Equipment of Rail Inspection Vehicles
The standard probe configuration of ultrasonic inspection vehicles is displayed in Fig. 1.
The ultrasonic probes are operated in pulse-echo mode. These are ±70° angle beam probes
used for the railhead, ±35° angle beam probes used for the rail web and rail foot as well as
0° normal probes also used for coupling check.
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Fig. 1 Ultrasonic standard equipment of inspection vehicles

Currently, in all the above-named test vehicles eddy-current inspection is realized by 4
eddy current sensors, which are situated in the region where rolling contact occurs (see
Fig. 2). Nearly all surface-breaking defects relevant to security today, can be detected by
eddy current inspection. Table 1 gives an overview about the detectability.
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Fig. 2 Eddy current sensors of inspection vehicles

Table 1 Detectability of Eddy-Current Inspection Technique
Category
Head Checking
BelGroSpi' s
Squats
Indentures
Wheelburns
Short/Long pitch corrugation
Grinding marks
Welds
Rail joints

Detectability
very good
good
good
very good
very good
good
very good
good
very good

Statement
Quantity, Location, Depth
Quantity, Location
Quantity, Location
Quantity, Location, Period
Location, Extent
Location, Period
Quantity, Place, Period
Location, Kind, Lack of fusion
Location, Kind

Originally, the eddy current inspection system was developed for the detection of head
checking. It is also capable to quantize these damages.
Indications are recorded by the ultrasonic inspection system only when a predefined mask is exceeded. For this reason only events at certain local positions are
available for later analysis. Complete raw data are recorded only by the eddy current
inspection system. This means that data may be evaluated at a later stage and facilitates
manipulation of recorded data with changed settings.
In relation to ultrasonic inspection a much higher number of indications is generated
than by the eddy current inspection system. In case of a curved track for example, head
checking can occur within hundreds meters with more than 300 cracks per single meter. For
this reason the recorded eddy current signals usually are evaluated with the help of
computers. It is unreasonable to evaluate the whole data set visually. Nevertheless,
measuring signals in form of amplitude versus displacement of every sensor can be
displayed at any location by the inspection system on requirement. Because both inspection
systems receive their local information from the same displacement transducer, every
ultrasonic indication can be supplied with an additional synchronous eddy current
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indication from stored data. Conversely this is not possible. Thereby it is obvious that eddy
current signals are a huge evaluation help for ultrasonic indications.
2. How to use synergistic effects
UT

At present the inspection ultrasonic and
eddy current results are still evaluated
separately as well as they usually are
presented in separate test reports. This has
predominantly historical reasons, because
the test systems originate from a different
point of time and from different
manufacturers. In Fig. 3a – c sensitivity
characteristics of the different ultrasonic
probes were plotted to the cross section of a
UIC 60 rail. The testing zone of the eddy
current sensors was marked likewise. If one
looks closer at the local distribution of the
physical interaction zones in the rail, one
can see that there are no overlapping zones
at all. In addition, indications originate
from basically different physical nature.
Comparable interaction cannot be expected
here. Therefore one will suppose at first
that a combined evaluation of the
indications of both inspection techniques
might fail. On the contrary many
synergistic effects can be found in practice,
which can be used excellently to overcome
certain, often repeating situations, where
defect classification is problematic based
only on indications from one test technique.
In particular this is based on the fact that
some inhomogeneities apply to the zones of
interaction of both inspection techniques.
One finds such cases in general with welds,
rail joints, wheelburns and often with head
checking, squats and corrugation.
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Fig. 3a – c Zones of interaction of ultrasonic and
eddy current inspection techniques

2.1 Examples for synergistic test results
In the following some selected examples are given which prove how helpful additional
information from another testing method can be for the interpretation of the inspection
results. The examples are real inspection results, i.e. raw data is shown without any
additional signal treatment. Cases were selected whose interpretation is not free of doubt.
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4b
Fig. 4a (top) B-scan of the left rail; Fig. 4b (bottom) B-scan of the right rail

Fig. 4c Eddy-current signals of left rail

Fig. 4d Eddy-current signals of right rail

Master pattern

Fig. 4f Thermite-weld with surface-breaking
defect in the head affected zone

Fig. 4e Eddy-current master signal pattern of a
thermite- welding
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The ultrasonic inspection results are presented as B-scans. Fig. 4a shows the indications for
the left rail. Fig. 4b shows the indications for the right rail. The echo indications are
displayed for a carriage displacement of 1 meter in horizontal direction. The rail height is
plotted vertically. The echoes of the different probes are associated with different colours.
Information about the amplitude can be derived only so far as a coloured pixel appears
when the respective threshold value was crossed. The indications are displayed at the
position where the reflector is located. In other words: The coloured pixels represent the
reflecting surfaces. The test result of the B-scan of the left rail (Fig. 4a) is without findings.
The B-scan of the right rail (Fig. 4b) shows a white linear indication. Here the bottom (foot)
echo is not observed in the normal probe. This short coupling loss is typical in the presence
of welds. However, the appropriate counterpart is absent on the other rail. Fig. 4b shows
some additional echo indications of the +70° probe near to the surface which cannot be
interpreted so far as well as indications of the +70° and 0° probes in the assumed weld
zone. In this case, a decision on whether the ultrasonic indications are related to a weld
cannot be made freely of doubt. If we look at the indications of the eddy-current test in
addition, the interpretation can be done easily. Fig. 4c shows the signal of the eddy-current
inspection of the left rail and Fig. 4d shows the signal of the right rail. The graphs show
amplitude values versus displacement. For every rail, signals for the 4 sensors are displayed
in separate graphs for a displacement of 1 m. The uppermost curve (red) originates from the
probe near the gauge corner, while the lowest curve comes from the probe situated nearest
to the middle of the rail. Fig. 4e is used as an interpretation aid and shows a master pattern
signal for a thermite-weld. Comparing the actual signal with the master pattern one can
identify unambiguously a thermite-weld in the left rail. This information was completely
absent in the ultrasonic signal. For the right rail the assumption of a thermite-weld can be
confirmed likewise. In addition, we notice signal peaks to the right-side of the weld which
we can conclude that they originate from a surface-breaking crack. This case is shown in
Fig. 4f where a crack exists in the heat-effected zone of the welding.
The next example concerns the indication of a fishing table. Formerly a small gap
was left between rails following on each other, the so-called rail joint to allow the thermal
expansion of the rails. The rails were connected using fishplates. Therefore the ends of the
rails require fishing table drillings. Today one avoids the rail joint by welding the rails. In
the case of welded joints fishing table drillings are obsolete. Nevertheless they still often
exist at welded joints, because the rails were already drilled in the production process. If
indications have to be evaluated in the area of the fishing table one must be able to
distinguish between a lap joint and a welded joint. In the last case it is of interest whether
the welding is undamaged. Fig. 5a – e shows an example.
Normally in an ultrasonic B-scan, fishing tables can easily be identified by a
symmetrical signal pattern caused by the fishing table drillings. In Fig. 5a – b the 0 °
normal probe shows a bottom echo loss at each drilling of the fishing. In addition, the
drillings are indicated by the ±35 ° angle beam probes and partially also by the normal
probe. At the rail joint position we find likewise a bottom echo loss and more or less clear
indications in +70° angle beam probe. It is to be supposed that it concerns a real lap joint.
However, it could also concern a defective welded joint. If one evaluates in addition the
indications of the eddy-current inspection (Fig. 5c – d), in comparison to the master pattern
signal (Fig. 5e) it turns out to be a real rail joint.
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5a

5b
Fig. 5a (top) B-scan of the left rail; Fig. 5b (bottom) B-scan of the right rail

Fig. 5c Eddy-current signals of left rail

Fig. 5d Eddy-current signals of right rail

Fig. 5e Eddy-current master signal pattern of a
rail joint
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The next example concerns the appearance of head checking. Following test guideline
821.2007 of the German Rail PLC, a rail defect classified by ultrasonic inspection as group
2 (transverse crack > 20% ≤ 50% of the rails head height) found in curved rails with head
checking must be graded to defect group 1. This means an increased risk and the location
has to be protected form breaking by means of a makeshift rail joint. With the standard
configuration of ultrasonic probes head checking is in general not detectable, how it
becomes evident from Fig. 6a. Only the eddy current signal allows the statement that in this
case two eddy current sensors indicate head checking, which means that the single cracks
already have a length of approx. 10 mm at the rail surface.

6a

6b
Fig. 6a (top) B-scan of the left rail; Fig. 6b (bottom) B-scan of the right rail

Fig. 6c Eddy-current indications
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The last example (Fig. 7d) concerns the detection of squat defects. In Fig. 7b for the right
rail we find ultrasound indications at three positions with bottom echo loss of the normal
probe, in each case accompanied by indications of +70° angle beam probe. In combination
with the indications of the eddy-current inspection, these indications can be identified as
squats. The eddy current inspection (Fig. 7c) shows substantially more details here and aids
by characterizing the damage as being more serious than with just ultrasound alone.

7a

7b
Fig. 7a (top) B-scan of the left rail; Fig. 7b (bottom) B-scan of the right rail

Fig. 7c eddy-current indications

Fig. 7d multiple squats in a rail
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3. Conclusion
By combination of the ultrasonic inspection with the eddy-current inspection carried out
simultaneously synergetic effects arise. These can be excellently used to overcome
problematic defect classification based on the results of only one test method. Some
examples were given illustrating the positive combination of both techniques and the
advantages over individual techniques. From the point of present inspection experience it
can be concluded, that improvements by using a combination of ultrasound and eddy
current are possible in the following cases:
Welded joints
Welds can be detected and it can be decided on whether it is a thermite-weld or a flash butt
welding. In addition, statements about possible surface-breaking damages such as cracks or
spalling can be made.
Rail joints
Rail joints can be detected free of doubt. It is possible to determine whether indications
relate to a simple or reinforced rail joint. In addition, degradations of insulated rail joints
can be identified.
Fishing table
If a fishing table is indicated by ultrasonic inspection, with the help of eddy current
inspection it can be decided whether the rail joint is a lap joint or a welded joint. If it is a
welded joint, by means of the eddy current signal statements about additional surfacebreaking damages can be made.
Loss of coupling
A loss or an insufficient coupling of the ultrasonic probes appears occasionally and can not
be avoided completely. In many cases the reason for loss of coupling can be determined by
the help of eddy-current inspection, for instance corrugation, wheelburns, head checking
and spalling.
Head checking
In general standard configuration ultrasonic probes cannot detect head checking. The eddycurrent inspection system was optimized on the detection and quantification of head
checking.
Squats
Determination of squat-type damage deepness is principally problematic with both
inspection techniques. However, deeper defects can be sized better by ultrasonic inspection
rather than by the eddy current technique. At the surface, squats can be detected more
sensitively by eddy current inspection. The eddy current inspection gives additional
information about the geometrical extent in the gauge corner and can detect additional head
checking.
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