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(57) Abstract: The mvention relates to a means of enabling mmspection of engineering components, such as rails used i the rail-
way Industry. A rail inspection device comprises a sensor (24) and a compliant spacer (26). The compliant spacer (26) has an 1n-
ner surface and outer surface. The sensor (24) i1s urged against the mner surface of the spacer (26) and, when in use, the outer sur-

face of the spacer (26) is in contact with the rail under inspection.
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SENSOR ASSEMBLY

The present invention 1s directed to a means of enabling

‘inspection of engineering components, such as rails used

in the railway industry, using various sensors that make

use of electromagnetic effects.

Engilneering components which are electrical conductors

can be 1nspected using electromagnetic techniques. These

include but are not limited to eddy current inspection,
magnetic flux leakage, residual magnetism, alternating

current flow measurement (acfm), and magnetic induction.

All of these techniques rely on either an electromagnetic
or magnetic'field to be created in the vicinity of the
surface of the component. The sensor then measures
elther the absolute properties of the field, or far more

commonly, variations of those properties as a function of

the spatial relationship between sensor and surface

position. Typically the sensor will be scanned across
the surface of the component either by moving the sensor
with respect to the component or vice versa. As this
relative movement occurs the interaction between the
sensor and the field 1s monitored. Variations in the
material of the component close to its surface will then

be revealed as local disturbances of the field.

This type of technique has found wide application in many
fields of engineering and there are many instances of
proprietary equilipment that carry out such inspections
routinely. The most important uses are for the detection
of surface breaking cracks, and in some cases non-surface

breaking but close-to-surface cracks. Other uses are in
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material sorting to differentiate one type of material

from another.

Figure 1 shows a system, indicated generally by the
reference numeral 1, 1n which the principles described
above are applied. The system 1 comprises a component

under 1nspection 2, a sensor 4, and a non-magnetic spacer

6. In use, the spacer 6 and the sensor 4 move relative
to the component 2. The spacer is sized to provide the
appropriate spacing between the sensor 4 and the
component 2. In some exemplary applications, the
separation 1s typically required to be of the order of

about 1 or 2 millimetres for the sensor to maintain the

appropriate sensitivity.

Figure 2 shows a system 10 that is a variant of the
system 1 described above. The system 10 comprises a
component under inspection 12 and a sensor 14 similar to
the component 2 and sensor 4 described above. The system
10 also comprises a mechanical arrangement 16 adapted to
separate the component 12 and the sensor 14. In use, the
mechanical arrangement 16 (and therefore also the sensor
14) moves relative to the component 12. The separation
might typically be required to be of the order of about 1
or 2 millimetres for the sensor to maintain the required

sensitivity.

Whilst the technigques described above can be véry

successful, they suffer from a common significant

drawback. The response of the sensor 1s affected by two
things: firstly the variation in the properties of the
surface 1n the vicinity of the sensor, as described

briefly above, but secondly the separation of the sensor
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and the surface under inspection. This latter parameter

1s often referred to as lift-off.

If the surface under inspection is well-controlled and of

uniform and regular shape the sensor can be maintained

easily at a known distance from the surface, typically
less than 1 mm. However, any variations 1in this
separation willl cause variations i1n the nature and
magnitude of the response of the sensor so that any

variations in the shape or morphology of the surface will

cause significant variations in the output of the sensor.
These varlations commonly dominate those caused by the

material variations.

Consequently a great deal of effort has to be applied to
establish a mechanical situation that controls this
separation and the effects of lift-off. Conversely,
where 1t 1s impossible to control the mechanical
relationship 1t is often difficult to produce a
satisfactory inspection regime. Thus if any component
under 1inspection 1s subject to unknown amounts of wear
which alter its shape then the results of one of these
inspections can be unreliable because of the unknown

effects of the consequent variation in lift-off.

Many systems make use of mechanical contact between
sensor and component to control this separation but these
invariably suffer from wear and the potential for damage
where there are unexpected varlations in the shape of the

component.

The present invention seeks to overcome or address one or

more of the problems identified above.
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The present invention provides a device comprising a
compliant spacer and a sensor (or a plurality of
sensors), wherein the spacer has an inner surface and an
outer surface and the sensor is urged against the inner
surface of said spacer such that, in use, the outer
surface of the spacer is in contact with an object under
inspection. Preferably, the device is a rail inspection

device. Preferably, the object under test is a rail.

The present invention also provides a method comprising
the step of: providing a compliant spacer; mounting a-
sensor (or a plurality of sensors) such that it urges
against an 1inner surface of the spacer; and positioning
the spacer such that an outer surface of the spacer is in

contact with an object under inspection. Preferably, the

m

Sl

ethod 1s a method of rail inspection. Preferably, the

object under inspection 1is a rail.

In use, the sensor 1s 1n contact with the inner surface
of the spacer at the point where the outer surface of the

spacer 1s 1n contact with the object under inspection.

The present invention enables the separation of the
sensor and the component under inspection to be
maintalined at a constant magnitude set by the thickness
of the spacer. In some embodiments of the invention,
that dimension might be of the order of lmmm to 2mm; in

other embodiments, that dimension might be less than lmm.

Since the spacer is compliant, the spacer conforms to the
shape of the object under inspection. Thus, the
provision of a compliant spacer facilitates the constant
separation of the sensor and the component being

inspected even where the exact shape of the surface 1is
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unknown and where the relative velocity of movement of

sensor and component is high. The nature of the device

1s such that the separation is maintained at a constant

P
p—

fect of wear and

magnitude but without the limiting e:

mechanical damage.

In this manner, the present invention addresses one of
the main difficulties 1n successful inspection of

englneering components which is the variation in

separation of sensor and component. A further advantage
of the new device 1s the mechanical protection afforded
to the sensor as the sensor 1s moved across the component

and encounters mechanical protuberances.

The sald spacer may be circular and the sensor may be
positioned inside the circle. In one preferred
embodiment of the invention, the spacer is a tyre.
Preferably, the space is rotatable. Preferably, the
spacer 1s arranged such that, i1n use, it is rolled along

the device under test.

The sensor may be spring loaded or mounted on a spring
loaded mechanism. In this manner, the spring is urged
towards the i1nner surface of the spacer and hence towards
the object under inspection. Thus, as the spacer flexes,
the sensor remains i1n contact with the inner surface of

the spacer.

The spacer may be urged against the object under

inspection.

The sensor may be an electromagnetic sensor. Further,
the sensor may measure the variation in the

electromagnetic properties of the surface of the object
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under 1nspection in the vicinity of the sensor. By way
of example, the electromagnetic propertlies beling measured
may be eddy currents. The spacer may be non-metallic.

The object under inspection may be electrically

conducting.

In one form of the invention, the object under inspection
1s a rallway rail. The sensor may, for example, be used

to detect defects 1n such a railway rail.

The spacer and the assoclated sensor may be moved
relative to the object under inspection in order for
measurements to be taken along sald object. Preferably,
the spacer is rotated along the said object. In an
alternative arrangement, the object under 1nspection may

be moved relative to the sensor.

ﬁ

In accordance with an aspect of the present

invention, there 1is provided a rail 1inspection

device comprising a compliant spacer and a sensor,

wherein the spacer has an inner surface and an outer

surface and the sensor 1s spring loaded such that it

1s urged against the inner surface of said spacer

such that, 1n use, the outer surface of the spacer
1s 1n contact with the rail under inspection,
wherein said spacer 1s circular and the sensor is
positioned 1nside the circle and the sensor 1s an

electromagnetic sensor.

In accordance with a further aspect of the present

invention, there 1s provided a method of rail

inspection comprising the steps of: providing a
compliant spacer; mountling a sensor 1in a spring

loaded arrangement such that 1t urges against an
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inner surface of the spacer; and positioning the

-

spacer such that an outer surface of the spacer 1is

in contact with a rail under 1inspection, wherein the
spacer 1s cilrcular and the sensor is positioned
within the circle and the sensor is an

electromagnetic sensor.

Embodiments of the i1nvention will now be described with
reference to the accompanying schematic drawings of

which:

Figure 1 1s a cross-section of a known sensor
arrangement;

Figure 2 1s a cross-—-section of another known sensor
arrangement;

Figure 3 shows a sensor arrangement in accordance
with an aspect of the present 1nvention;

Figure 4 demonstrates a use of the present
invention;

Figure 5 demonstrates a use of the present invention
when an object under inspection has been worn through
use; and

Figure 6 demonstrates a further feature of the use

of the present invention.
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Figures 3 and 4 show a system, indicated generally by the
reference numeral 20. The system 20 comprises a rail 22,
one or more sensors 24, and a compliant tyre 26. The

tyre 1s urged against the rail 22 and, since the tyre is

compliant, the tyre conforms to the shape of the rail.

The sensors 24 are mounted 1inside the tyre 26 such that
the sensors are 1n contact with the i1nside surface of the
tyre at the point where the outside of the tyre is in

contact with the rail 22, as shown in Figure 3.

The sensors 24 are mounted on a sprung loaded device
which presses the sensors against the inside of the tyre
such that as the tyre flexes, the sensors remain in

contact with the i1nside surface.

An advantage of the sensor arrangements described above
with reference to Figures 3 and 4 is that the sensors can
make reliable measurements, even when the object under
inspection 1s worn through use, as explained further

below.

Figure 5 shows a system, 20’ that is identical to the
system 20 described above, with the exception that the
rail 22’ has become worn through use. As shown in Figure
>, the compliance of the tyre 26’ enables the tyre to
take up the shape of the rail 22’ in the transverse
direction and because the sensor 24’ is in contact with
the inner surface of the tyre, the sensor remains a fixed
distance from the surface, i.e. at the thickness of the
tyre. Thus, 1f the shape of the rail changes as the tyre

moves along 1t, the compliance of the tyre enables the

shape to be followed and the sensors follow the tyre thus
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remalning at the same separation throughout the change of

shape. Thus the effects of lift-off are largely

eliminated.

FFigure 6 shows the use of the present invention in a
situation where a first rail 32a and second rail 32b
meet. As shown 1n Figure 6, the second rail 1s
positioned slightly higher than the first rail; of
course, such a scenario 1s common 1in practice. A sensor
(not shown) 1s mounted inside a compliant tyre 36. Since
the tyre 36 1s compliant, 1t adjusts to the change in the

shape of the components being measured as shown in Figure

0.

The join between two rails, as shown in Figure 6, causes
considerable difficulty for conventionally mounted

sensors. For example, sensors are often damaged when the

sensor arrangement moves from being over the first sensor
to being over the second sensor. At best, the difference
1n height can cause significant variation in lift-off.

In the case of the device of the present invention, the
tyre accommodates these shape changes by flexing as it
rolls over them thus providing constant separation but

also mechanical protection for the sensor on the inside

surface.
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CLAIMS:

1. A rail 1nspection device comprising a compliant
spacer and a sensor, wherein the spacer has an 1lnner
surface and an outer surface and the sensor 1s spring
loaded such that it is urged against the 1nner surface of
sald spacer such that, 1n use, the outer surface of the
spacer 1s 1n contact with the rail under 1nspection,
whereilin said spacer 1s cilrcular and the sensor 1s
positioned 1nslide the circle and the sensor 1s an

electromagnetic sensor.

2 . The device as claimed in claim 1, wherein saild

spacer 1s a tyre.

3. The device as claimed in claim 1 or 2, wherein, in
use, the spacer 1s urged against the rail under

inspection.

4 . The device as claimed in any one of claims 1 to 3,

wherein saild spacer is non-metallic.

5. The device as claimed in any one of claims 1 to 4,
wherein the sensor measures the wvariation in the
electromagnetic properties of a surface of the rail under

inspection in the vicinity of the sensor.

G . The device as claimed in any one of claims 1 to 5,
wherein the raill under inspection is electrically

conducting.

7. The device as claimed in any one of claims 1 to o,
wherein the spacer 1s rotatable, such that in use, 1t 1s

arranged to be rolled along the rail under inspection.

8 . The device as claimed in any one of claims 1 to 7,
further comprising means for driving the spacer and the

sensor relative to the rail under 1nspection.
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9. A system comprising the device as claimed 1n any one
of claims 1 to 8 and further comprising the said rail

under 1nspection.

10. A method of rail 1nspection comprising the steps of:

providing a compliant spacer;

mounting a sensor 1n a spring loaded arrangement
such that 1t urges against an inner surface of the
spacer; and

poslitioning the spacer such that an outer surface of
the spacer 1s 1n contact with a rail under inspection,
wherein the spacer is cilircular and the sensor is
positioned within the circle and the sensor is an

electromagnetic sensor.

11. The method as claimed 1n claim 10, further
comprising the step of urging the spacer against the rail

under 1nspection.

12. The method as claimed 1n claim 10 or 11, further
comprising the step of driving the spacer and the sensor

relative to the rail under 1nspection.

13. The method as claimed 1n claim 12, wherein the

spacer 1s rotated along the rail under inspection.

14. The method as claimed 1n any one of claims 10 to 13,
further comprising the step of using the sensor to
measure the variation i1n the electromagnetic properties
of the surface of the rail under inspection in the

vicinity of the sensor.
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