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(57) Abstract: A displacement sensor (4) for detecting relative displacement of a shaft (1) relative to a housing (3). The sensor (4)
comprises four elastomeric pads (6-9) mounted on the flexible strip (5), each elastomeric pad (6-9) having an electrical resistance
which varies with force applied to the pad (6-9), and an electrical connector located within the flexible strip (5) for providing electrical
I~ connections to the elastomeric pads (6-9). In use, the sensor (4) is positioned so that the region of the strip (5) which carries the pads

(6-9) is wrapped around the shaft (1).
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DISPLACEMENT SENSOR

This invention relates to a displacement sensor, that is to say a device for
sensing the displacement of one component relative to another. The displacement
may, depending on the deployment of the sensor, be a lateral displacement or a
rotational displacement.

According to a first aspect of the present invention there is provided a
displacement sensor comprising a flexible base; a plurality of elastomeric pads
mounted on the flexible support, each elastomeric pad having an electrical
resistance which varies with force applied to the pad; and an electrical connector
located within the flexible base for providing electrical connections to the
elastomeric pads.

The present invention makes use of elastomeric pads that have a measurable
electrical resistance which varies with forces applied to the pad. The exact
mechanism by which the electrical resistant varies is not critical to the present
invention. All that is necessary is that each pad has in some way an electrical
resistance which varies with mechanical load.

The pads are mounted on a flexible base which may, for example, be a
flexible strip. The flexible base locates the pads and provides electrical connections
to each of the pads and accordingly allows the resistance of the pads to be detected
at a point remote from the pads.

In use, the displacement sensor is deployed so as to place the part of the
displacement sensor containing the pads between two components whose relative
displacement is to be sensed. The base may be fixed to one, both or neither of the
components to locate the pads between the components. In many applications a
portion of the flexible base will extend away from the regions containing the pads to
provide a convenient connection to suitable detection and monitoring circuits. The
output of the pads is monitored to determine relative movement between the
components. When the components move relative to each other one or more of the
pads will be compressed thereby changing its electrical resistance and one or more

of the pads will elastomerically expand, again altering its electrical resistance. By
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monitoring the various changes in electrical resistance a qualitative or quantitive
measure of the relative displacement of the components can be obtained. The
device can be calibrated to provide a vector measure of displacement of one
component relative to another, or can be utilised in @ manner which indicates only in
general terms the magnitude of displacement or indeed only the relative direction of
displacement, according to requirements.

According to a second aspect of the invention there is provided an apparatus
comprising a first part moveably mounted relative to a second part and a
displacement sensor for sensing relative displacement therebetween, the
displacement sensor comprising a flexible base, a plurality of elastomeric pads
mounted on the flexible base, each elastomeric pad having an electrical resistance
which varies with force applied to the pad, and an electrical connector located wikthin
the flexible base for providing electrical connections to the elastomeric pads,
wherein the elastomeric pads are arranged such that relative displacement between
the first and second part causes variations in the forces applied thereon.

Preferably, the first part is pivotally mounted relative to the second part,
although it can alternatively be slidably mounted relative thereto.

The invention will be better understood from the following description of a
preferred embodiment thereof, given by way of example only, reference being had
to the accompanying drawings wherein:

Figure 1 illustrates an embodiment of the present invention deployed to sense
relative movement between a shaft and a housing;

Figure 2 illustrates schematically an embodiment of the present invention
used to detect rotation of an irregularly shaped part;

Figure 3 illustrates schematically the displacement sensor of Figure 1; and

Figure 4 illustrates an embodiment of the present invention used to detect
relative movement between a slider and a housing.

Referring firstly to Figure 1, there is illustrated schematically a shaft 1 which
passes through a clearance hole 2 in a housing 3.

A displacement sensor 4 is positioned to detect relative displacement of the

shaft 1 relative to the housing 3. The displacement sensor 4 is illustrated in greater



WO 2007/057702 PCT/GB2006/004329

3

detail in Figure 3 and comprises a flexible base 5 upon which are mounted four
elastomeric pads 6,7,8 and 9. The base 5 is in the form of a flexible strip and
includes an elongate region 10 which extends away from the opening 2 through a
slot 11 provided for the purpose in the housing 3. The strip 10 terminates in an
electrical connector 17 of any convenient type to allow electrical connections to be
made to conductors which lie on the surface of or are embedded in the base 5.

Each of the elastomeric pads 6-9 has associated with it electrical connections
which are connected to tracks within the base 5. Each of the pads 6-9 has the
characteristics that its electrical resistance, as measured across the connectbrs,
varies with applied load. Since the pads 6-9 are elastomeric and will be compressed
by an applied load, the electrical resistance of the pads also various with the degree
to which the pads 6-9 are compressed.

In use, the sensor 4 is positioned so that the region of the base 5 which
carries the pads 6-9 is wrapped around the shaft 1. The opening 2 is sized such that
in a rest state each of the pads 6-9 may be slightly compressed between the shaft 1
and the opening 2. In this state each of the pads 6-9 will have a characteristic
resistance and these resistances can be measured using instrumentation connected
to the connector 11. If, in use, the shaft is translationally displaced laterally relative
to the housing 3 the degree of compression of one or more of the pads 6-9 will
increase and simultaneously the degree of compression of others of the pads 6-9
will decrease. This will result in a change in the characteristic resistance of the
relevant blocks which can be detected by instrumentation connected to the
connector 11 to provide an indication of displacement of the shaft. With appropriate
calibration, the device can provide a measure of the degree of displacement and, if
sufficient pads 6-9 are provided, together with suitable interpretive circuitry, the
direction of relative displacement can be detected.

If two of the sensors described above are located to detect displacement of
the same component at spaced apart locations, the output of the sensors may be
used to detect rotation of the component about an axis external to the sensors

themselves.

An alternative embodiment of the invention is illustrated in Figure 2. In this
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case two elastomeric blocks 12,13 are secured to appropriate surfaces of an
irregularly shaped object 14. The blocks 12,13 are each mounted on a flexible base
(which has been omitted from Figure 2 in the interests of clarity), and are supported
on appropriate support surfaces adjacent the object 14. In response to rotation of
the object 14 about the axis 15 in the direction of the arrow 16 the load on the block
12 will increase and the load on the block 13 will decrease. This will result in
characteristic changes in the resistance of the blocks 12, 13 which can be detected
by suitable circuitry to indicate that the object 14 has moved relative to the reaction
surfaces upon which the blocks 12,13 are mounted. By appropriate calibration, a
quantitive measure of rotation may be obtained.

A further alternative embodiment of the invention is illustrated in Figure 4. In
this case, two elastomeric pads 23 are arranged to detect relative displacement ofa
slider 21 relative to a housing body 22. The slider 21 extends longitudinally,
substantially parallel to the housing body 22, and comprises an actuating element
28 which extends substantially perpendicularly therefrom such that it extends
longitudinally through an elastomeric seal 29 within the housing body 22. In this
way, the slider 21 is moveable along the housing body 22.

A sensor housing 25 is formed on the housing body 22 around a protruding
section of the actuating element 28 such that it's longitudinal sides are sandwiched
connectingly between the pair of elastomeric pads 23, which are mounted on first
and second opposing inner walls of the sensor housing 25 respectively, and a
further actuating element 24 mounted on an inner wall of the sensor housing
connecting said first and second opposing walls. Additionally, the sensor housing
25 comprises an elastomeric damper 26 sandwiched connectingly between the
further actuating element 24 and an adjustment preload screw 27 that is mounted in
the first of said opposing walls of the sensor housing 25 such that it is extendable
therein by an adjustable amount.

In use, an applied longitudinal force on the slider 21 causes it to move a small
distance along the housing body 22. The actuating element 28 transmits the
applied force to the further actuator 24, which in turn displaces and compresses one

of the elastomeric pads 23 whilst decompressing the other elastomeric pad 23. This
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compression change resuits in a proportional resistance change in the elastomeric
pads 23.

The adjustment preload screw 27 is operable to apply compression to the
elastomeric damper 26, thus allowing for vibration and sensitivity adjustment. In this
way the apparatus detects applied force changes in the plane of the slider 21 and
the corresponding change in the loop resistance of the circuit in contact with the
displacement sensors can be used to output a voltage state to a control system.

It is to be stressed that the exact nature of the elastomeric blocks used in the
present invention is not critical to the invention and indeed any form of elastomeric
device which has a characteristic resistance may be used.

Whilst elastomeric blocks which have an ohmic resistance which varies with
applied force are preferred for use in the present invention, it is to be understood
that alternative arrangements are within the scope of the invention. For example,
elastomeric blocks which have an AC impedance which varies with force or any
other characteristic, for example capacitance, which varies with force may be
utilised in displacement sensors in accordance with the present invention.



WO 2007/057702 PCT/GB2006/004329

CLAIMS:

1. A displacement sensor (4) comprising a flexible base (5); a plurality of
elastomeric pads (6-9;23) mounted on the flexible base (5), each elastomeric pad
(6-9;23) having an electrical resistance which varies with force applied to the pad (6-
9;23); and an electrical connector located within the flexible base (5) for providing
electrical connections to the elastomeric pads (6-9;23).

2. A displacement sensor according to claim 1 wherein the flexible base (5) is a
flexible strip (5).

3. A displacement sensor according to claim 1 or 2 that, in use, is deployed so
as to place the part of the displacement sensor containing the pads between two
components (1,3;21,22) whose relative displacement is to be sensed.

4. A displacement sensor according to claim 3 wherein the base is fixed to one,
both or neither of the components (1,3;21,22) to locate the pads (6-9;23) between
the components (1,3;21,22).

5. A displacement sensor according to any of the previous claims wherein a
portion (10) of the flexible base (5) extends away from the regions containing the

pads to provide a convenient connection to suitable detection and monitoring
circuits.

6.  Adisplacement sensor according to any of the previous claims wherein the
elastomeric pads (6-9;23) have an ohmic resistance which varies with applied force.

7. An apparatus comprising a first part moveably mounted relative to a second
part and a displacement sensor according to any of the previous claims for sensing
relative displacement therebetween.
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