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(57) Abstract: A system (10) for detecting the presence of a rail end in a rail (18) of a railway track (20) includes a support structure
(12) mountable to a component (14) of a rail vehicle (16). At least one magnetic field generator (22) is carried by the support struc -
ture (12) to generate a remanent magnetic tield in the rail (18). A sensor arrangement (24) is carried by the support structure (12) in
spaced relationship to the magnetic field generator (22) to detect magnetic flux leakage associated with the remanent magnetic field.
The sensor arrangement (24) includes at least one pair of longitudinally spaced sensors, each sensor generating a measured signal
based on the magnetic flux leakage detected by that sensor. A signal processing module (40) is responsive to the measured signals to
calculate a differential signal from the measured signals of the sensors of the at least one pair of sensors. The differential signal is in -
dicative of the presence of a rail end in the rail (18).
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" A system for detecting a break in a rail"

Cross-Reference to Related Applications

[0001] The present application claims priority from Australian Provisional Patent
Application No 2014905264 filed on 24 December 2014, the contents of which are

incorporated herein by reference.

Technical Field

[0002] This disclosure relates, generally, to the detection of a break in a rail of a railway

track and, more particularly, to a system for detecting a break in a rail of a railway track.

Background

[0003] At present, track circuits used for signalling on rails of a railway are also used as a
means for detecting broken rails. However, the trend in railway signalling technology is
moving away from systems based on fixed blocks and track circuits towards communications-
based train control. This has the advantage of reducing wayside hardware.Further, there is the
ability with communications-based train control to close up the train spacing and, in so doing,
extract higher capacity from the track. However, for high haulage applications (particularly
heavy haul rail applications) where broken rails present a substantial risk, the capacity
benefits from communications-based train control cannot be fully realised without an
alternative method of broken rail detection. Moreover, the high haulage (e.g. heavy haul) rail
environment is an extremely rugged and hostile environment for signalling and/or detection

equipment.

[0005] To the best of the applicant’s knowledge, no such alternative methods of broken rail

detection exist.

Summary

[0006] Throughout this specification the word "comprise”, or variations such as "comprises”

or "comprising", will be understood to imply the inclusion of a stated element, integer or step,
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or group of elements, integers or steps, but not the exclusion of any other element, integer or

step, or group of elements, integers or steps.

[0007] In a first aspect, there is provided a system for detecting the presence of a rail end in
arail of a railway track, the system including a support structure mountable to a component of
arail vehicle; at least one magnetic field generator carried by the support structure to generate
a remanent magnetic field in the rail; a sensor arrangement carried by the support structure in
spaced relationship to the magnetic field generator to detect magnetic flux leakage associated
with the remanent magnetic field. The sensor arrangement includes at least one pair of
longitudinally spaced sensors, each sensor generating a measured signal based on the
magnetic flux leakage detected by that sensor; and a signal processing module responsive to
the measured signals to calculate a differential signal from the measured signals of the sensors
of the at least one pair of sensors, the differential signal being indicative of the presence of a

rail end in the rail.

[0008] In this specification, the term “longitudinally” as used in reference to the spacing of

the sensors is to be understood as meaning parallel to a longitudinal axis of the rail.

[0009] The sensors in the at least one pair of sensors may be configured to take
measurements of the magnetic flux leakage substantially simultaneously. The sensor
arrangement may include a plurality of transversely arranged pairs of sensors, all the sensors
being configured to take measurements of the magnetic flux leakage substantially
simultaneously. The sensors of the sensor arrangement may be arranged in at least two

longitudinally spaced, transversely extending linear arrays of sensors.

[0010] The signal processing module may further comprise a discrimination module for
enabling the signal processing module to discriminate between a planned rail end and an
unplanned rail end, the unplanned rail end being representative of the break in the rail. This
may be done by implementing logic rules and/or with the use of field markers. It is to be
understood that a “planned rail end” includes artefacts such as insulated rail joints as well as

other isolated rail geometry changes such as frogs, or the like.

[0011] The signal processing module may further compare the calculated differential signal

from each pair of sensors to a threshold and, if the differential signal from each of more than a
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predetermined number of pairs of sensors exceeds the threshold, determine that a rail end
exists. The signal processing module may apply at least one logic rule to the calculated
differential signal to determine if the rail end is a planned rail end or an unplanned rail end.
The signal processor may flag an unplanned rail end as a serious defect. The signal processing
module may determine the differential signal from the measured signals by subtracting the
two measured signals from the longitudinally spaced sensors of the at least one pair of sensors
from each other. The differential signal may be indicative of a change in magnetisation over a
distance. The change may be an average change. The distance may be equal to the

longitudinal spacing of the sensors of the at least one pair of sensors.

[0012] The signal processing module may be implemented in hardware and/or software.

[0013] In this specification, the term “serious defect” is to be understood as a complete
break in the rail or a serious surface defect which would rapidly progress to a complete break
if not detected in a timely manner. An example of a serious defect is a crack which has
developed in a head of the rail and has begun to grow deeper into, and extends across at least
a half of, the head of the rail. Such a defect is likely to generate a response similar to a
completely broken rail in the sensor arrangement. By mounting the sensor arrangement at the
selected height, lower intensity signals, representative of surface defects present in the rail,
other than serious defects, are less likely to result in signal processing circuitry associated
with the sensor arrangement outputting a data signal, thus reducing the generation of false

positives.

[0014] The height above the rail at which the sensor arrangement is arranged, in use, may be
at least 5 mm. As described above, the system is intended for use in high haulage such as
heavy haul applications. Such high haulage (heavy haul) applications occur in extremely
hostile and rugged operating environment. If the sensor arrangement is mounted too close to
the rail, it is unlikely to survive for long. Thus, the sensor arrangement may be arranged

between at least 10 mm and 30 mm above the rail, in use.

[0015] The discrimination module may be configured to discriminate between planned and
unplanned rail ends using a pattern recognition technique. The pattern recognition technique

may be augmented, if necessary, by the use of at least one field marker.
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[0016] The system may include a magnetic field marker associated with each of at least
some rail ends of the railway track, the system further including at least one pair of laterally

spaced sensors oriented to detect a magnetic field generated by the, or each, field marker.

[0017] The support structure may be configured to mount the magnetic field generator in a
magnetic shadow of a wheel of the rail vehicle. By “magnetic shadow” is meant that the
magnetic field generator is positioned sufficiently close relative to the wheel to inhibit the

generation of spurious signals in wayside measuring equipment, such as an axle counter.

[0018] The sensor arrangement may be mounted on the support structure in a trailing
position relative to the magnetic field generator. The system may include a pair of spaced
magnetic field generators, arranged on opposite sides of the sensor arrangement, to facilitate
bi-directional operation. The, or each, magnetic field generator may, in use, be spaced about
300 mm from the sensor arrangement in order for flux leakage from the remanent field to be

detected.

[0019] The sensor arrangement may comprise a sensor head, the sensor head comprising at
least one magnetically responsive transducer and the sensor head being dimensioned to have a
width less than a width of a wheel of the rail vehicle. In an embodiment, the sensor head may
comprise an array of transducers arranged to extend transversely relative to a surface of the

rail.

[0020] In one embodiment, the array of transducers may comprise at least one linear array of
transducers arranged to extend transversely relative to the surface of the rail. In another
embodiment, the array of transducers may comprise at least two longitudinally spaced,

transversely extending linear arrays of transducers.

[0021] The at least one magnetically responsive transducer may be a Hall Effect transducer.

The, or each, Hall Effect transducer may be a linear output Hall Effect transducer (LOHET).

[0022] The sensor arrangement may include a height compensation mechanism to

compensate for variations in height between the sensor arrangement and the rail.

[0023] The magnetic field generator may be mounted in a casing, the casing being

configured to inhibit the attachment of magnetic detritus to the magnetic field generator.
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[0024] In another aspect there is provided a method for detecting the presence of a rail end
in a rail of a railway track, the method including: generating a remanent magnetic field in the
rail; detecting magnetic flux leakage associated with the remanent magnetic field; generating
a measured signal from each sensor of at least one pair of longitudinally spaced sensors of a
sensor arrangement, the measured signals based on magnetic flux leakage detected by the pair
of sensors; and calculating a differential signal from the measured signals of the sensors of the
at least one pair of sensors, the differential signal being indicative of the presence of a rail end

in the rail.

[0025] The method may include causing the sensors of the at least one pair of sensors to

take the measurements of the magnetic flux leakage substantially simultaneously.

[0026] The sensor arrangement may include a plurality of transversely arranged pairs of
sensors and in which the method includes causing all the sensors to take measurements of the

magnetic flux leakage substantially simultaneously.

[0027] The method may include comparing the calculated differential signal from each pair
of sensors to a threshold and, if the calculated differential signal from each of more than a
predetermined number of the pairs of sensors exceeds the threshold, determining that a rail

end exists.

[0028] The method may include applying at least one logic rule to the determination to

indicate if the rail end is a planned rail end or an unplanned rail end.

[0029] The method may include flagging an unplanned rail end as a serious defect.

[0030] The method may include associating a magnetic field marker with each of at least
some rail ends of the railway track and detecting a magnetic field generated by the, or each,

field marker.

[0031] In a further aspect, there is provided a system for detecting a break in a rail of a
railway track, the system including: at least one magnetic field generator carried by the
support structure to generate a remanent magnetic field in the rail; a sensor arrangement
carried by the support structure in spaced relationship to the magnetic field generator to detect

magnetic flux leakage associated with the remanent magnetic field, the magnetic flux leakage
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being indicative of a break in the rail; and a signal processing module responsive to an output
from the sensor arrangement, the signal processing module comprising a discrimination
module to discriminate between a planned rail end and an unplanned rail end, the unplanned

rail end being representative of the break in the rail.

[0032] The disclosure extends also to a rail vehicle which includes
a body;
at least one bogie on which the body is supported for traversing a railway track; and
at least one system, as described above, for detecting a break in a rail of the railway

track, the system being mounted to the bogie.

[0033] In this specification, the term “bogie” is to be understood, unless the context clearly
indicates otherwise, to be a sub-frame of a railway car or locomotive carrying one or more

wheel sets.

Brief Description of Drawings

[0034] Embodiments of the disclosure are now described by way of example with reference

to the accompanying drawings in which: —

[0035] Fig. 1 shows a schematic, side view of a first embodiment of a system for detecting a
break in a rail of a railway track, the system being shown in situ attached to a component of a

rail vehicle;

[0036] Fig. 2 shows a schematic, block diagram of the system of Fig. 1;

[0037] Fig. 3 shows a schematic, end view of an embodiment of a rail vehicle incorporating

a pair of the systems of Fig. 1;

[0038] Fig. 4 shows an embodiment of a sensor arrangement of the system of Fig. 1;

[0039] Fig. 5 shows another embodiment of the sensor arrangement of the system of Fig. 1;

[0040] Fig. 6 shows a schematic representation of a mounting of a magnetic field generator

forming part of the system of Fig. 1;
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[0041] Fig. 7 shows a schematic end view of an embodiment of a field marker for use with

the system of Fig. 1;

[0042] Fig. 8 shows a schematic end view of another embodiment of a field marker for use

with the system of Fig. 1;

[0043] Fig. 9 shows a schematic representation of a sensor arrangement of a second

embodiment of a system for detecting a break in a rail of a railway track;

[0044] Fig. 10 shows graphs of sensor measurements from the sensor arrangement of Fig. 9

before and after processing;

[0045] Fig. 11 shows a graphical representation of measured and processed signals of the

second embodiment of the system; and

[0046] Fig. 12 is a flow diagram describing the use of sensor signals to determine the

presence of rail defects using the second embodiment of the system.

Detailed Description of Exemplary Embodiments

[0047] It is preferable to use a system for detecting rail defects (unplanned rail ends) in a
railway track without having to refer to a database to discriminate between planned rail ends
and unplanned rail ends in order to achieve high coverage of a mainline track. Experience
gained in this work in devising systems based on feature databases indicates that there will be
blind spots of tens of metres either side of each feature due to GPS inaccuracy (even with high
precision GPS). While these blind spots may only be a few percent of the total track distance
there is a disproportionate risk of serious rail defects, such as broken rails, occurring around

such features.

1. Overview of the System

[0048] In Figs, 1 to 8 of the drawings, reference numeral 10 generally designates a first
embodiment of a system for detecting a break in a rail of a railway track. The system 10
includes a support structure in the form of a bracket 12 mountable, in use, to a component, in

the form of a rail car bogie, 14 of a railway wagon or car 16 (Fig. 3). It will be appreciated
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that, in use, two such systems 10 are provided, one on each side of the car 16 to monitor both

rails 18 of a railway track 20.

[0049] The system 10 includes a magnetic field generator in the form of a permanent
magnet 22 suspended from the bracket 12 and a sensor arrangement 24 suspended from the
bracket 12 in a trailing position relative to the magnet 22. Further, while only one magnet 22
is illustrated, it will be appreciated that two magnets 22, arranged on opposite sides of the
sensor arrangement 24, could be provided to facilitate bi-directional operation of the system

10 on the rail car 16.

[0050] The magnet 22 generates a magnetic field 26 (Fig. 2). The magnetic field 26
generated by the magnet 22 induces a remanent magnetic field in the associated rail 18 of the
railway track 20. The sensor arrangement 24 is configured to detect magnetic flux leakage
associated with the remanent magnetic field, the characteristics of the magnetic flux leakage
being indicative of a serious defect (as defined), rather than merely a surface defect, in the rail
18. This is dependent on the height of the sensor arrangement relative to the rail 18. To
enable the sensor arrangement 24 to detect the magnetic flux leakage, it is mounted on the
bracket 12 a distance of approximately 300 mm from the magnet 22 (or each magnet 22 in the

case of a bi-directionally configured system 10).

[0051] As shown more clearly in Fig. 2 of the drawings, the sensor arrangement 24 is
mounted at a height “h’ above a surface 28 of a rail head 30 of the rail 18. This height ‘h’ is
selected to minimise the likelihood of the system 10 responding to magnetic flux leakage
arising from surface defects in the surface 28 of the head 30 of the rail 18 other than serious
defects such as rail breaks. For ease of explanation, the disclosure will be described with
reference to the serious defect being in the form of a rail break in the rail 18. However, it is to
be understood that reference to a “rail break” includes a serious defect which rapidly leads to
a complete rail break. As described elsewhere, a serious defect includes a crack in the head
30 of the rail 18 which extends more than halfway across the head 30 of the rail 18 and which
is detected by multiple sensors (described in greater detail below) of the sensor arrangement
24. Such a defect is likely to become a full break in the rail 18 rapidly and early detection of

such a defect is beneficial.



WO 2016/101032 PCT/AU2015/050833

9

[0052] The applicant has found that arranging the sensor arrangement 24 at a height ‘h’ of
greater than about 5 mm and, more particularly, in a range of between about 10 mm and 30
mm, or greater, enables the sensor arrangement 24 to respond to magnetic flux leakage
indicative of a rail break. The applicant has also found that, surprisingly, this enables a sensor
arrangement 24 to be installed on a rail car 16 operating in a high haulage (e.g. heavy haul)
rail environment such as in the transportation of iron ore. Those skilled in the art will
appreciate that this is an exceedingly hostile environment. The sensor arrangement 24 is able
to operate with minimum likelihood of damage to the sensor arrangement 24 when arranged

at the selected height.

[0053] Other ranges of height, depending on circumstances, include ranges of about Smm to
about 10mm, about 10 mm to about 15 mm, about 15 mm to about 20 mm, about 20 mm to

about 25 mm and about 25 mm to 30 mm.

2. First embodiment

[0054] The sensor arrangement 24 comprises a sensor head 32 (Fig. 4). The sensor head 32,
in turn, comprises a plurality of sensing transducers, or sensors, 34 arranged to extend
transversely relative to the surface 28 of the rail head 30 of the rail 18. The rail head 30
typically has a width ‘W’ of approximately 74 mm. Each wheel 36 of the rail car 16 has a
width of approximately 140 mm. The sensor head 32 is selected to have a width ‘w’ of about
50 mm to 100 mm. In this way, the sensor head 32 is narrow enough to be well protected
from lateral intrusions by being placed centrally over the rail head 30 relative to the width of

the wheel 36, when the bogie 14 is centred on the rail track.

[0055] However, the sensor head 32 is sufficiently wide that it can accommodate lateral
movement of the bogie 14 of the rail car 16 with enough sensors 34 always being positioned
over the surface 28 of the rail head 30 of the rail 18 to register a rail-end signal on multiple
sensors 34 of the sensor head 32 and to discriminate between a serious defect and an isolated
surface defect in the surface 28 of the rail head 30 of the rail 18 that has not yet progressed to

the status of a serious defect.

[0056] Each sensor 34 is a magnetometer, for example a linear output Hall Effect transducer
(LOHET). A suitable sensor 34 is a Micro Switch LOHET having part number SS94A1F.

(Micro Switch is a division of Honeywell). This sensor 34 has a typical sensitivity of
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25mV/Gauss at 8VDC supply. In tests, the sensor 34 was powered by a ~9 volt supply. In
one embodiment the output from each sensor 34 is processed directly. In another embodiment
an output from each sensor 34 is connected to a filter circuit 38 (Fig. 2). One example of a
suitable filter circuit 38 is in the form of an operational amplifier which is configured to
provide a gain of approximately 210 and has a 1.0 pF input capacitor for AC coupling to
provide high pass filtering. Its frequency response is such that the output is reduced below a
speed of movement of about 0.5 metres per second. Another example of a suitable filter
circuit 38 is a simple resistor-capacitor filter. High pass and low pass filters are used to
remove any DC offset (e.g. caused by differences in the pairs of sensors as described below
with reference to the third embodiment), to assist in removing vibration artefacts, and to filter

any RF level electrical noise and other noise from the signal of interest.

[0057] It will be understood that any of the processing done on the raw data output from the
sensors (such as filtering or data manipulation) may be implemented in hardware, or in

software, or with various combinations of hardware and software components.

[0058] In the embodiment illustrated in Fig. 4 of the drawings, the sensor head 32 comprises
six sensors 34 transversely arranged relative to the rail 18, in use. The sensors 34 are spaced
approximately 10 mm from each other to provide an effective 50 mm wide sensing zone.

This provides effective coverage to take into account lateral movement of the bogie 14 of the
rail car 16 on the rails 18. It will be appreciated that a greater or fewer number of sensors 34
may be provided depending on circumstances such as the width or other dimensions of the rail

18, the degree of lateral movement encountered, or the like.

[0059] Where two or more sensors 34 are arranged in relatively close proximity and, in use,
take measurements concurrently, the resulting two or more measured signals may be
processed to reject false positives from noise or other artefacts. The system 10 includes a
signal processing module 40 to which an output from the filter circuit 38 is connected. The
signal processing module 40 incorporates a processor which is able to discriminate between
false positives arising from noise or other artefacts and signals representative of rail breaks.
The processor of the signal processing module 40 must register the same signal from at least
two of the sensors 34, and, preferably, about three to four of the sensors 34, to record a signal

as a rail break.
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[0060] The sensor head 32 of the sensor arrangement 24, optionally, includes a height
compensating mechanism 35 (Fig. 4) to compensate for variations in height between the
sensor head 32 and the surface 28 of the head 30 of the rail 18. The height compensation
mechanism 35 includes a pair of longitudinally spaced proximity sensors 37. Each proximity
sensor 37 has an output dependent on its sensed height relative to the surface 28 of the head
30 of the rail 18. The processor of the signal processing module 40 is configured to
compensate for the change in signal strength output by the sensors 34 with variations in the
height of the sensor head 32 relative to the surface 28 as measured by the proximity sensors
37. However, as described in greater detail below, the tests conducted by the applicant

indicate that height compensation may not be required in the sensor head 32.

3. Second embodiment

[0061] Fig. 5 shows another embodiment of the sensor head 32. With reference to Fig. 4 of
the drawings, like reference numerals refer to like parts, unless otherwise specified. In this
embodiment, the sensor head 32 comprises two longitudinally spaced, transversely extending,
linear arrays of sensors 34. With this arrangement, the length of any rail break can also be
determined as well as the direction in which the rail car 16 is travelling. In addition, the use
of the two linear arrays of sensors 34 assists in rejecting noise. There should be a repetition of
the high amplitude signal representative of the rail break over both linear arrays of sensors 34.
This helps to remove the effects of electrical noise which can result in high transient signals
on both arrays of sensors 34 simultaneously. With a time lag between the presence of the
high amplitude signals over the two arrays, this is indicative of a rail break being present

rather than a noise artefact.

[0062] The linear arrays of sensors 34 are spaced approximately 30 mm to 50 mm from each
other in the longitudinal direction to discriminate between signals representative of a rail
break and those arising from noise artefacts. In another embodiment, the linear arrays may be
spaced less than 30 mm from each other in the longitudinal direction, for example, between

about 5 mm and 25 mm from each other.

4. Third embodiment

[0063] With reference to Fig. 9 of the drawings, a further embodiment of the system 10 is

described, Fig. 9 showing an embodiment of a sensor arrangement 90. Once again, with
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reference to previous embodiments, like reference numerals refer to like parts, unless

otherwise specified.

[0064] In this embodiment, the sensor arrangement 90 comprises a plurality of transversely
spaced pairs 92 of longitudinally spaced sensors, the sensors of one pair 92 being labelled as
98 and 99 in Fig. 9 of the drawings. Each pair 92 of sensors 34 is spaced a distance 94 of
between about 5 and 30mm apart, for example 15mm apart. Each sensor 34 of each pair 92 of
sensors measures the remanent magnetisation on the rail 18 at the substantially the same time,
resulting in two simultaneous signals indicative of an average change in magnetisation over
the distance 94. For increased accuracy and to accommodate lateral movement of the bogie
16 on the rail 18, the sensor arrangement 90 shown in Fig. 9 includes three pairs of sensors,
the pairs being spaced transversely across the width of the rail 18. The pairs are spaced in a
range between about 10 and 50mm apart. In this embodiment, the pairs are spaced about

20mm apart.

[0065] The sensor arrangement 90 further includes a pair of laterally spaced marker sensors
96 (spaced approximately 50mm apart). These marker sensors 96 are configured to measure
either a vertical or a horizontal magnetic field generated by a field marker 44 (as shown in
Fig. 7 and Fig. 8 respectively) which may be placed on one or both sides of the rail 18 (see
description elsewhere herein describing field markers). Because of the magnetic strength of
the field markers (and because the marker sensors 96 are not used to sense a remanent
magnetic field), the marker sensors 96 may, for example, be positioned further away from the

rail, and/or may have less sensitive magnetometers than the sensors 34 of the sensor pairs 92.

[0066] Fig. 10 shows graphs 100 of sensor measurements before and after processing.
Sensor 98 in Fig. 9 provides the channel 3 signal trace 102 shown in the top graph, and sensor
99 provides the channel 4 signal trace 104 shown in the bottom graph. These two signals 102,
104 are produced concurrently, and represent the magnetic field as sensed the distance 94

apart.

[0067] The average change in field strength, measured in [Gauss/mm)], is given by equation

(1):
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(Ch4—Ch3)% — Equation (1)
where C is a constant to convert the sensor output from mV to Gauss, and D is the distance
94. As C and D are both constants, a differential signal 106 determined from the difference
(Ch4 — Ch3) shown in the middle graph is used as an indication of changes in the magnetic
field. As can be seen, what appears to be noise present on the signals 102, 104 is significantly
reduced when this differential signal 106 is determined. The peaks in the differential signal
106, for example peak 108, are indicative of rail ends, e.g. possible serious defects (as

defined) such as rail breaks.

[0068] In practice, there is very little electrical noise present. The variations that can be
seen in the signals 102, 104 (particularly the right hand part of the traces) arise from real
variations in the magnetic field due to, for example, prior rail magnetisation and relative

movement of the bogie 14 to the track, both laterally and vertically.

[0069] An advantage of using this differential method (as opposed to, for example, using a
simple threshold) to determine whether the measured signal indicates a significant change in
the magnetic field may be understood more clearly with reference to Fig. 11. Fig 11 shows
raw signal traces 110 at the top as output by the sensors 98 and 99, for example. The
differential signal 112 is shown at the bottom. In this example the raw signals 110 show a
large increase in measured flux at the left (between 12.90 and 12.94 seconds), much more
than the peak shown towards the right at around 13.05 seconds. This phenomenon may be
due to remanent magnetic fields resulting from the magnetisation of the rail during the
fabrication process of the rail where magnetic cranes may have been used to manoeuvre the

rail.

[0070] The differential signal removes noise that results, for example, from cables and
power supplies, but also removes the effects of these magnetic fields to indicate the position

of a possible rail end at 114 more accurately.

[0071] It is noted that the embodiment of Fig. 5 may also be able to be used in this
embodiment where opposed sensors in each linear array, albeit offset with respect to each

other, are paired together. The paired sensors 34 provide two substantially simultaneous
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signals indicative of an average change in magnetisation over the distance separating the

arrays from which the differential signal 106 is able to be obtained.

5. Planned and unplanned rail ends

[0072] The system 10 needs to discriminate between so-called “planned” rail ends, such as
insulated rail joints (IRJs), welds, or the like, and “unplanned” rail ends signifying rail
breaks. For this purpose, the system 10 includes a discrimination module 42 in

communication with the processor of the signal processing module 40.

[0073] The discrimination module 42 is able to be implemented in a number of ways. In
one implementation, the discrimination module 42 makes use of markers, one of which is
shown, schematically, at 44 in Fig. 2 of the drawings. These markers 44 identify planned rail
ends that are recognised by the discrimination module 42 of the system 10 to inhibit the

generation of false positives when the system 10 detects planned rail ends.

[0074] In addition, or instead, the discrimination module makes use of pattern logic stored in

a data store, such as a database, 46 of the system 10. The pattern logic makes use of two tests.

a. Logic tests

[0075] In test one, if the sensor head 32 of the sensor arrangement 24 detects a rail end on
one rail 18 and then detects a rail end on the second rail 18 within ‘A’ metres of the rail end
on the first rail, the system 10 logs the two rail ends as a pair of insulated rail joints (IRJs),

otherwise the system 10 logs a broken rail occurrence.

[0076] With the first test, the first rail end detected on either rail 18 starts the test. The test
is terminated by the detection of a rail end on the other rail within ‘A’ metres or by reaching a
distance of ‘A’ metres from the first rail end. The test restarts at the next rail end after
termination of the previous test. The distance of ‘A’ metres is set to be greater than the

minimum amount of known stagger between IRJs, typically about 2.5 metres.

[0077] In test two, which is independent of test one, if the sensor head 32 of the sensor
arrangement 24 detects one rail end on one rail 18 and then detects a second rail end on the
same rail 18 within ‘B’ metres on the same rail, the second rail end is logged as a broken rail

occurrence by the system 10. The distance of ‘B’ metres is set to be less than the closest
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spacing of two IRJs on one rail or is set to be greater than the distance of ‘A’ metres. A

typical value for ‘B’ is between about 4 and Sm.

[0078] With these two tests, the likelihood of the discrimination module 42 causing the
system 10 to generate false positives is very low and almost all cases of actual rail breaks
should be detected by the system 10. Possibly one of the only occurrences of actual rail

breaks which will not generate a true positive is where a break occurs in each rail 18, the

breaks being within ‘A’ metres of each other.

[0079] There are an additional two situations that will result in false alarms being generated
due to being detected by the first test. These two additional situations are, firstly, a plated
single temporary joint in the main line as a result of a re-rail and, secondly, a plated
previously broken rail awaiting repair. There are various solutions to inhibit these situations

causing the generation of false positives.

[0080] A procedure can be adopted within an operations centre, which controls trains
running on the railway line 20, whereby a limited database of temporary joints is stored in the
data store 46 to be accessed by the discrimination module 42 to discount false positives from
these two situations. Instead, data relating to the temporary joints can be stored in the data
store 46 of the system 10. Still further, field markers such as those shown at 44 can be used at
the location of the temporary joints, the system 10 reading such field markers 44 to discount

false positives from these two situations.

b. False Positives and the Use of Field Markers

[0081] In addition, or instead, field markers such as those shown at 44 can be used at the
location of the temporary joints, the system 10 reading such field markers 44 to discount false
positives from these two situations. The field marker 44 used for the above situations
incorporates a magnet 52. Two variations of applying the magnetic field marker 44 are used.
In the first instance, as shown in Fig. 7 of the drawings, the magnetic field marker 44 is placed
at the temporary joint mounted on a fishplate 54 adjacent to the joint line on the field side of
the rail 18. The field marker 44 is selected to have sufficient field strength with its magnetic
pole axis of the magnet 52 oriented vertically (as shown in Fig. 7) or horizontally in the

transverse direction (as shown in Fig. 8).



WO 2016/101032 PCT/AU2015/050833

16

[0082] In some embodiments the field markers 44 have sufficient strength so that a
saturation of most or all of the sensors 34 of the sensor head 32 occurs when detected by the
sensors 34. In other embodiments the magnet is oriented to produce a lateral field and one or
more dedicated field marker magnetometers 96 are configured so that they are oriented
suitably to sense the magnetic field from the field markers 44, as described above with
reference to the embodiment of Fig. 9 of the drawings. The signal processing module 40 then
interprets the sensed magnetic field to determine whether an event is to be disregarded on the

basis that the event is a planned rail end.

[0083] In the second variation shown in Fig. 8, the magnet 52 of the magnetic field marker
44 is placed on a bracket 56 of a non-magnetic material which, in turn, is clamped, via a non-
magnetic clamp 57, on the other rail 18 opposite the planned joint line, but within a
longitudinal tolerance defined by the above logic rules for discrimination, on the field side of
the rail 18. Once again, the magnet 52 of the field marker 44 is selected to have sufficient
field strength to saturate most or all of the sensors 34 of the sensor head 32. This creates an
artificial rail end signal on the opposite rail 18 such that it appears to the system 10 that a pair
of joints is present. As a result, test one applies and the single joint is not reported as a broken

rail.

[0084] It will be appreciated that, in either variation, the magnet 52 could be arranged
vertically or horizontally and the arrangement of the magnet 52 is not restricted to the

illustrated orientations in Figs. 7 and 8 of the drawings.

[0085] The use of the field marker 44 has the advantage of a fail to safe operation. If the
magnetic field marker 44 is missing or is placed in the wrong orientation, the temporary joint
is reported as a broken rail. There is a small chance that a hazard will be created where, if the
field marker 44 is left on the rail 18 and then an actual broken rail occurs at that location, the
broken rail will not be detected. This is a very low probability event and could be mitigated
further by building the field marker 44 into the fish plate 54, rather than having it as a separate
component, so that the field marker 44 only remains on the rail if the fish plate 54 is left in

position on the rail 18.

[0086] It will also be appreciated that either embodiment of the field marker 44 could be

mounted on the gauge side of the rail 18 but would need to be mounted lower to avoid having
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the magnet 52 struck by the flange of the wheel 36 of the rail car 16. This may reduce the
efficacy of the field marker 44 so the preference is to place it on the field side of the rail 18.

¢. Open Throat Frogs

[0087] There are also five situations or artefacts which could result in the generation of false
positives. These five situations are the following: open throat frogs (in back track turnouts on
passing tracks at some stations); blades of points or swing nose frogs in mainline turnouts;

level crossing panels; guard rails opposite open throat frogs and steel structures around swing

nose frogs.

[0088] In trials of the system described herein, it was found that swing nose frogs were
unlikely to result in false positive indications of rail ends. However, there were signal
variations indicative of rail ends at open throat frog turnouts at manganese steel frogs. This
may be due to the non-magnetic type of steel used in these frogs so that the transition from

standard rail steel to the frog area is logged as a magnetic rail end.

[0089] There are a number of options for disregarding false positives caused by open throat
frogs. One option is to use field markers as described above. However, typical open throat
frogs result in two events (one on either rail), with a consistent spacing (typically 5.2m in
Australia). Therefore it is also possible to implement an additional logic rule (test three)
during post-processing of the data in order to rule out false positives resulting from open
throat frogs, by disregarding a pair of events on both rails that are spaced approximately 5.2m

apart.

[0090] Yet a further implementation of the discrimination module 42 includes the use of
structures associated with standard rail track components to identify planned rail ends. Such
structures include insulated joint fish plates or bolts and turnout blades, bolts and other

supporting structures associated with turnouts.

[0091] Still a further implementation of the discrimination module 42 includes the use of a
database of locations of planned rail ends which, in use, are stored in the data store 46. The
discrimination module 42 then compares an actual location of a detected rail end and/or the

number of rail ends found in a specific length of rail against the stored number of rail ends.
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6. Configuration and Construction

[0092] The magnet 22 can adopt various shapes depending on the strength of magnetisation
of the rail 18 required to generate the remanent magnetic field in the rail 18. For example,
tests have been conducted with magnets having the following characteristics: 20mm diameter
x 10mm thick Neodymium Iron Boron rare earth magnets. Because of the small size of these
magnets they were placed closer to the surface 28 of the rail 18 than would be the case for
larger magnets to be used in practice. The larger magnet has dimensions of 100 mm x 50 mm

wide x 25mm thick.

[0093] In the case of smaller magnets, these magnets were placed between 3 mm and 9 mm
above the surface 28 of the rail 18 in tests conducted by the applicant. For the larger magnets,
these are able to be placed at a height of approximately 10 mm to 30 mm above the surface of

the rail.

[0094] In use, a system 10 is secured, via its bracket 12, to an outer side of each side frame
48 (Fig. 1) of one bogie 14 of the rail car 16 as shown in Fig. 3 of the drawings. The sensor
arrangement 24 is positioned on the bracket 12 to lie substantially on a centre line 50 of the
bogie 14. The magnet 22 is arranged in a leading position relative to the sensor arrangement
24, a distance ‘x’ from the centre line 50 of the bogie 14. The distance ‘x’ is selected
depending on the dimensions of the bogie 14 so that the magnet 22 is within a magnetic
“shadow”, as defined, of the leading wheel 36 carried on the bogie 14. For example, the
distance ‘x’ 1s of the order of 400 mm from the centre line 50 of the bogie 14. With this
arrangement, the likelihood of the magnet 22 causing spurious signals on trackside
equipment, such as axle counters or wheel proximity sensors, is reduced since such trackside
equipment is likely to register only one artefact, the wheel 36, rather than two separate

artefacts of the wheel 36 and the magnet 22.

[0095] Tests conducted by the applicant, both on the bench and on an actual railway track
show that the system 10 is able to distinguish between rail breaks and other, surface defects
and/or welds in the rail 18 over a range of heights of the sensor head 32 relative to the surface
28 of the head 30 of the rail 18. Even at a height of approximately 32 mm, the output from
the sensors 34 is sufficiently different between a rail break and a weld to enable the system 10
to discriminate between a break in the rail 18 and a weld or other surface defect. For

example, a peak-to-peak output signal from one of the sensors 34 for an aluminothermic weld



WO 2016/101032 PCT/AU2015/050833

19

at a sensor 34 height of 11 mm has been measured to be only 33% of a rail break signal at a
sensor 34 height of 32 mm. This is indicative that, even without height compensation, the

system 10 is able to discriminate between these two artefacts.

[0096] Thus, the processor of the signal processing module 40 is implemented to distinguish
between peaks generated as a result of magnetic flux leakage of the remanent magnetic field
in the rail and associated with surface defects or welds in the rail 18, and peaks generated as a
result of magnetic flux leakage of the remanent magnetic field associated with a break in the
rail 18. The processor of the signal processing module 40 is programmed only to output a
signal associated with the larger peaks thereby reducing the likelihood of false positives being

generated due to the detection of surface defects or welds in the rail 18.

[0097] Additional tests conducted by the applicant have noted the build-up of magnetic
particles or other magnetic detritus on the magnet 22. It appears that, generally, such
magnetic particle build-up on the magnet 22 does not adversely affect the generation of a
remanent magnetic field in the rail 18. However, in the event that there is a deterioration in
the generation of such a remanent magnetic field, the magnet 22 can be housed in a casing or
shroud 58 (Fig. 6) of a non-magnetic material. The casing 58 defines a void which is either
fully sealed or filled with a castable non-magnetic material, such as an electrical potting

compound or an epoxy resin, to inhibit the entry of foreign particles into the housing 58.

[0098] The casing 58 carries baffle elements, such as fins 62, to inhibit migration of
contaminants around the casing 58. This limits the amount of flux short-circuited between the
poles of the magnet 22 by the detritus and, in so doing, maximises the amount of magnetic
flux passing into the rail 18 from the magnet 22. The fins 58 are resiliently flexible,

particularly in regions where they may be exposed to mechanical damage.

[0099] In some instances, broken rails may create a very large rail end gap, for example,
several hundred millimetres. In order to take this into consideration appropriately when
assessing the measured data from the sensors 34, vertical side frame acceleration
measurements may also be taken with the use of accelerometers. These measurements
provide an indication of gaps with a width of ~100mm or greater without generating false
alarms at smaller rail surface imperfections such as dipped welds that also cause side frame

accelerations.
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7. Determining the Presence of a Fault

[0100] Fig. 12 shows a flow diagram of the process 120 used to determine whether a fault is
present on a line from the signals received from the sensors 34 using the embodiment of Fig.

9 of the drawings.

[0101] At 121, the raw sensor data is received from each sensor of the three pairs 92 of
sensors 34 as well as from the pair of marker sensors 96, if applicable. Some preliminary
processing (implemented in hardware and/or software), for example low-pass filtering, may

be included.

[0102] At 122, a differential signal is calculated from each pair 92 of sensors 34, as well as
from the pair of marker sensors 96 if applicable, by subtracting one signal from the other per
pair. The calculated differential signal for each pair of sensors, is then compared to a
threshold at 123. The threshold used for the marker sensors 96 would typically differ from
the threshold used for the sensor pairs 92. For the specific LOHETS used in this example for
the sensors 34 (Honeywell SS94A1F LOHETS), a threshold of between 50 and 150 mV was

used, and for the marker sensors 96 a threshold between 100 mV and 1V was used.

[0103] At 124, rail end features are identified when two out of the three differential channel
pair signals exceed the selected threshold, the so-called “two out of three” (2003) rule. Where
a 2003 rule is applied, a lateral channel spacing of 20-25mm is appropriate. If a larger

channel spacing is used (e.g. 40-50mm), a 1003 rule is used.

[0104] In one embodiment, a “dual threshold” method is used to improve the accuracy of the
final results. For the sensors 34, it was found that different features may be detected when
using a low threshold (e.g. 50mV) versus when using a high threshold (e.g. 100mV). For
example, the low threshold may include false positives while the high threshold may miss
some faults. In the dual threshold embodiment, the results from using both the low and high
thresholds are used and subsequently both considered during further processing steps. Where
only one threshold was used (e.g. 100 mv), then, if a single pair of sensors indicates a fault, it
is considered a false positive and the results are ignored. In embodiments where the dual
threshold method is used, then, if a single pair of sensors indicates a fault with a 100mV

threshold, then the SO0mV threshold data is also considered before a decision is made about
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ignoring the results: if the other pairs do not indicate that the 50mV has been met, then the

results are ignored, and vice versa.

[0105] As can be seen from the traces shown in Fig. 11, because of the way that the slope of
the magnetic field changes it is possible to generate three peaks in each trace: the main peak
114, and secondary peaks 115, 116 (of an opposite sign) to each side of the main peak 114.
In some cases more than one peak will meet the threshold. These need to be considered as a
single rail end for the logic rules to work correctly so the secondary peaks 115, 116 are
removed before the logic rules are applied. The secondary peaks are removed from the data
to be considered in step 125 if the secondary peaks are within a small distance from one
another, for example if they are less than 50mm from one another. In one embodiment these
peaks are removed as part of the processing that compares the differential signal to the one or

more thresholds at 123.

[0106] At 125, the three logic rules are applied:

test one: if rail ends are found on the two separate rails, and these rail ends are within 2-3m of
one another (typically 2.5m), then this is considered to be an IRJ;

test two: if two rail ends are found on the same rail at a spacing of less than the minimum
known IRJ spacing (typically between 4 and Sm), then this is considered to be a broken rail;
test three: if there are two events on one rail with an approximately 5.2m spacing, it is

indicated as an open throat frog.

[0107] For test one above, in the dual threshold embodiment, if an event is detected on one
rail with a 100mV threshold but not on the other, then the differential signal for the other rail

may be reconsidered with a S0mV threshold to determine the possible presence of an IRJ.

[0108] In addition to these three tests, any number of additional tests may be used to refine
the results, depending on the circumstances. One additional test is testing whether detected
rail ends (following tests one to three) occur at substantially the same location as a detected

field marker, in which case the particular rail end is determined to be a planned rail end.

[0109] At 126, the list of faults as determined during the preceding steps is output. The list
may include both planned and unplanned rail ends as determined by the method. The output

may be used to update a local and/or a centralised database 127. Instead, or in addition, the
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output may also be used as an input to a local control system to effect a relevant outcome, €.g.
to mark the rail in the vicinity of a serious defect or to control the operation (e.g. speed) of the

train.

8. Advantages

[0110] It is a particular advantage of the described embodiments that a system 10 is
provided which is able to discriminate between planned rail ends and unplanned rail ends, the
latter representing breaks in the rails. Itis a further advantage of the described embodiments
that a system 10 is provided which is able to be deployed under standard rolling stock which
can operate at normal speed in all environments. With this arrangement, the system 10 can be
deployed in harsh or hostile environmental conditions while still being able to provide an

indication of the occurrence of a break in a rail to enable remedial action to be taken.

[0111] This is particularly advantageous in high haulage (e.g. heavy haul) rail applications,
such as, for example, where iron ore is being transported from a mine to a port for shipment.
This task is increasingly being done autonomously using driverless trains. In addition, the
ability to detect a rail break and take immediate action allows for a higher carrying capacity

on the railway track.

[0112] Therefore, in use, the system 10 is mounted on the last rail car 16 of a train to detect
any rail breaks caused by that train. The system 10, should a rail break be detected, is
configured to transmit data relating to that rail break via the signal processing module 40 and
a communications link mounted on the train, as represented schematically by an antenna 64 in
Fig. 2 of the drawings, to the operations centre. Personnel at the operations centre are then
able to take action to repair the broken rail expeditiously to allow for continued use of the

railway track 20.

[0113] As noted above, the applicant is not aware of any commercially available technology
for broken rail detection from moving railway vehicles of a type that may be fitted to
conventional wagons or locomotives. All of the existing technologies (for example ultrasonic
flaw detection) are only suitable for operation from specialized trolleys that operate at

relatively low speeds and require high maintenance and operator input.
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[0114] It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the above-described embodiments, without departing from the
broad general scope of the present disclosure. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.
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CLAIMS

1. A system for detecting the presence of a rail end in a rail of a railway track, the
system including

a support structure mountable to a component of a rail vehicle;

at least one magnetic field generator carried by the support structure to generate a
remanent magnetic field in the rail;

a sensor arrangement carried by the support structure in spaced relationship to the
magnetic field generator to detect magnetic flux leakage associated with the remanent
magnetic field, the sensor arrangement including at least one pair of longitudinally spaced
sensors, each sensor generating a measured signal based on the magnetic flux leakage
detected by that sensor; and

a signal processing module responsive to the measured signals to calculate a
differential signal from the measured signals of the sensors of the at least one pair of sensors,

the differential signal being indicative of the presence of a rail end in the rail.

2. The system of claim 1 wherein the sensors in the at least one pair of sensors are

configured to take measurements of the magnetic flux leakage substantially simultaneously.

3. The system of claim 1 or claim 2 wherein the sensor arrangement includes a plurality
of transversely arranged pairs of sensors, all the sensors being configured to take

measurements of the magnetic flux leakage substantially simultaneously.

4. The system of claim 3 wherein the sensors of the sensor arrangement are arranged in

at least two longitudinally spaced, transversely extending linear arrays of sensors.

5. The system of claim 3 or claim 4 wherein the signal processing module further
compares the calculated differential signal from each pair of sensors to a threshold and, if the
differential signal from each of more than a predetermined number of pairs of sensors exceeds

the threshold, determining that a rail end exists.
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6. The system of any one of the preceding claims wherein the signal processing module
applies at least one logic rule to the calculated differential signal to determine if the rail end is

a planned rail end or an unplanned rail end.

7. The system of claim 6 wherein the signal processor flags an unplanned rail end as a

serious defect.

8. The system of any one of the preceding claims which includes a magnetic field
marker associated with each of at least some rail ends of the railway track, the system further
including at least one pair of laterally spaced sensors oriented to detect a magnetic field

generated by the, or each, field marker.

9. A method for detecting the presence of a rail end in a rail of a railway track, the
method including:

generating a remanent magnetic field in the rail;

detecting magnetic flux leakage associated with the remanent magnetic field;

generating a measured signal from each sensor of at least one pair of longitudinally
spaced sensors of a sensor arrangement, the measured signals based on magnetic flux leakage
detected by the pair of sensors; and

calculating a differential signal from the measured signals of the sensors of the at
least one pair of sensors, the differential signal being indicative of the presence of a rail end in

the rail.

10. The method of claim 9 which includes causing the sensors of the at least one pair of

sensors to take the measurements of the magnetic flux leakage substantially simultaneously.

11. The method of claim 9 or claim 10 in which the sensor arrangement includes a
plurality of transversely arranged pairs of sensors and in which the method includes causing
all the sensors to take measurements of the magnetic flux leakage substantially

simultaneously.

12. The method of claim 11 which includes comparing the calculated differential signal

from each pair of sensors to a threshold and, if the calculated differential signal from each of
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more than a predetermined number of the pairs of sensors exceeds the threshold, determining

that a rail end exists.

13. The method of claim 12 which includes applying at least one logic rule to the

determination to indicate if the rail end is a planned rail end or an unplanned rail end.

14. The method of claim 13 which includes flagging an unplanned rail end as a serious
defect.
15. The method of any one of claims 9 to 14 which includes associating a magnetic field

marker with each of at least some rail ends of the railway track and detecting a magnetic field

generated by the, or each, field marker.

16. A system for detecting a break in a rail of a railway track, the system including

at least one magnetic field generator carried by the support structure to generate a
remanent magnetic field in the rail;

a sensor arrangement carried by the support structure in spaced relationship to the
magnetic field generator to detect magnetic flux leakage associated with the remanent
magnetic field, the magnetic flux leakage being indicative of a break in the rail; and

a signal processing module responsive to an output from the sensor arrangement, the
signal processing module comprising a discrimination module to discriminate between a

planned rail end and an unplanned rail end, the unplanned rail end being indicative of a break

in the rail.
17. A rail vehicle which includes
a body;

at least one bogie on which the body is supported for traversing a railway track; and
at least one system, as claimed in any one of claims 1 to 8 or 16, for detecting a break

in a rail of the railway track, the system being mounted to the bogie.
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3, I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. l_‘ As only some of the required additional search fees were timely paid by the applicant, this international search report
— covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.;

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable
protest tee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

1 1 [
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Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one

invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:
¢  Claims 1-15 are directed to a system for detecting the presence of a rail end in a rail of a railway track. The feature of the means

to calculate a differential signal from the measured signals of the sensors of the at least one pair of sensors is specific to this
group of claims.

¢ Claim 16 and 17 when dependent upon 16 are directed to a system for detecting a break in a rail of a railway track.. The feature
of the signal processing module comprising a discrimination module to discriminate between a planned rail end and an
unplanned rail end is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,

defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

Tn the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is a sensor arrangement carried by the support

structure to detect a magnetic flux leakage associated with the remanent magnetic field

However it is considered that this feature is generic in this particular art. Therefore in this light this common feature cannot be a
special technical feature. Hence there is no special technical feature common to all the claimed inventions and the requirements for

unity of invention are consequently not satisfied a priori .
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