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Abstract
The stress on rails has consistently increased due to high train speeds and heavy axle
loads during the last years. Wear on the gauge corner of rails has been gaining more and
more in significance in the last decades. Surface flaws – so called head checks – are arising
as a consequence of rolling contact fatigue (RCF). On tracks with high speed traffic, most of
the defects are credited to RCF. The recognition of such surface damages is of critical
importance in order to guarantee a high level of safety for normal train operation. Without
early recognition systems, defect damage (e.g. cracks) in the rail, will in most cases, increase
in size with possible fracture as an ultimate consequence.
Special grinding trains are in general use for rail maintenance and are employed to
machine down worn rails and to prevent surface damage growth in an early stadium.
Formerly, in general it was not possible to size the depth of the RCF damages, because the
only control methods relied on visual checks from trained maintenance personnel. In order to
operate grinding trains in a cost effective way, one has to know the exact degree of damage,
so that the grinding depth can be adjusted as small as possible.
In the last years, BAM and other partners developed and optimized an eddy current test
system especially for detection of Head Check type defects which provides information on
defect position and depth. In cooperation with the company SPENO INTERNATIONAL SA
the test system was integrated into a grinding train.
The main advantages of this test system are:
•
•
•

Optimization of the grinding process by real-time monitoring of the depth of damage.
Documentation of rail conditions before and after grinding
Validation and feedback for improved calibration of the eddy current measurement.
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1. Introduction
The railway track, which has to act as bearer, driving surface and guiding element, has
therefore large operational requirements. The load on the railroad tracks has increased during
the last years caused in particular by an increase in high-speed traffic, rising company
utilisation and heavier axle loads. Amongst others, consequences of these loads are the
earlier initiation of fatigue cracks in the rail surface. Without removal of the defects, the
fatigue cracks can lead to a rail break. To ensure the safety the railway system needs to be
kept in good condition by regular grinding or milling the contact surface. For economical rail
maintenance it is necessary to realize continuous railway line inspections. The eddy current
technique is an approved method for non-destructive testing of surface defects. It is possible
to improve maintenance and observe, optimize and document the results of a grinding
application using an eddy current test system that is integrated in a special grinding train.
2. General information
2.1 Rolling contact fatigue
Rolling contact fatigue cracks (so-called head checks) are cracks which originate on the
basis of material fatigue from the wheel/rail contact in the rail surface. Head checks are
crack fields which especially occur on the outer rail of curved tracks. They grow in the
inside of the rail head by an angle of α ≈ 25°. Serious rail damages, such as rail breaks, can
be avoided by elimination of the fatigue cracks in time.

Figure 1: Head check field in the rail surface

2.2 Eddy current testing
For the assessment of head check damages in the rail surface, the eddy current test
technique is applied. This procedure is based on the electromagnetic interaction between the
magnetic field of a test sensor and the currents induced in the metallic material. The test
sensor is guided close to the rail at approx. 0,5 to 1 mm. No direct contact is necessary. Eddy
current field variations caused by inhomogenities in the rail surface are used for sizing the
cracks. Following names are relevant for interpretation:
The length of crack indicates the length of the crack on the rail surface and may often be
identified by visual inspection. The length of the crack, which is growing into the rail body,
is referred to as depth of crack.

The attack depth of the damage is named depth of defect (see figure 1). With the eddy
current procedure only the crack depth can be determined. The angular position of the cracks
is not measurable. Hence, on the basis of long-term investigations an angle of α ≈ 25° - 30°
is assumed for the calculation of the damage depth. With the help of the measuring results
taken from the grinding train this assumption could be confirmed.
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Figure 2: Principle sketch from head check

3. Eddy current test system integrates in the grinding process
3.1 Eddy current test system
In order that maintenance can operate economically accurate results to the extent of
damage caused by the fatigue cracks are demanded. With this information the grinding metal
removal can be reduced and track wear minimised. During the last years an eddy current test
system was developed and optimised at the BAM together with partners especially for the
detection of damage caused by head checks. This measuring system is employed to obtain
information with regard to position and damage depth. This test system was used for
different rail test trains and for manual eddy current test systems. It has also been operating
in grinding trains. Thereby it has been possible to monitor the grinding process for
optimization and documentation of the results.

Figure 3: Grinding Train of SPENO International SA

3.2 Eddy current testing and analysis during the grinding operation
Up to now the verification of the eddy current system could be carried out only by
reference defects and transverse section micrographs of test rails. The application of the eddy
current test system integrated into the rail grinding process allows online crack depth
monitoring as well as calibration and verification of the system under real conditions.
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The following illustrations show the results of two test passes. Explanations of the
indications are as follows:
The length of the track amounts to approx. 1000 m. The blue indications mark the
number of head checks per meter. The orange and red indications mark the damage depth in
one meter. The turquoise marks provide information about the sensor position where the
deepest damage was found. Thereby it is possible to evaluate the damage depth of surface
defects before the grinding process begins. With this information it is possible to optimise
the grinding depth during operation. At the end of the grinding process the results can be
used for a quality control and documentation.

Figure 4: Zero measurement

Figure 5: Final measurement

Figure 4 shows the results of the zero measurement previous to the grinding process.
From the results it is observed that the average damage depth lies between 0.5 and 1 mm.
Single indications are related to areas of damage deeper than 1 mm.
In illustration 5 the final measurement of this grinding operation is shown. The average
metal removal depth amounted to approx. 1 mm. The track is nearly free from defects, only
some single indications are left. Accordingly it could be demonstrated that the grinding
metal removal of approx. 1 mm was not sufficient to compensate the determined damage
depth. Based on this information the grinding depth was corrected.
4. Conclusion
The integration of the eddy current test system in the grinding trains allows the
optimisation of the grinding process before, during and after the operation. In addition, it
serves the quality control and documentation of the results. The eddy current technique
combined with rail grinding has helped to get important knowledge about the improvement
of the test system.

