
2265010 MOTION TRANSDUCER The invention relates to motion transducers. The
typical use of a motion transducer is in a gas module of the kind shown in
European Patent Application No. 91 306159.4 (Publication No.0473264). In
that application a slam-shut valve is shown which is connected by a cable
to a re-set shaft carrying a handle. The transducer finds application in
measuring the axial displacement of that handle during closure of the
slam-shut valve. The object of the invention is to provide a motion
transducer having an output which is unaffected by rotation or displacement
of the longitudinal axis of such a shaft or equivalent element. A motion
transducer, according to the invention, comprises magnetised ferromagnetic
material which is capable of motion past an array of Hall-effect sensors
positioned at points on a circle, said motion being along a straight axis
transverse to a plane in which said circle lies, said axis being
displaceable from a true position normal to said plane through the centre
of said circle to a displacement position within said circle, said
magnetised material being of hollow cylindrical form comprising external
and internal faces and said material being magnetised so that said external
face everywhere presents a magnetic pole of a first polarity and said
internal face everywhere presents a magnetic pole of a second polarity,
said motion comprising end-wise motion with respect to said cylindrical
form, each sensor having an output when the magnetised material moves past
the sensors and the transducer also comprising means by which said output  



-2- may be combined with each other said output to yield a combined output
representative of said motion, the value of which combined output is not
affected by any rotation of said magnetised material about said axis either
in said true position or in said displaced position, said sensors being in
positions in the array such that said output is equal to each other said
output in response to said motion along said axis in said true position and
said combined output not being affected by said motion along said axis in
said displaced position, any increase in said output from any sensor or
sensors closer to said displaced position of said axis being compensated
for by reduced output from a sensor or sensors more remote from said
displacement position of said axis. Preferably, said magnetised material is
in the form of a first piece and there is provided a second such piece,
said first piece being magnetised so that its external face everywhere
presents a magnetic pole of a first polarity and said second piece is
magnetised so that its external face everywhere presents a magnetic pole of
a second polarity opposite to said first polarity. There are preferably
four sensors in said array at points on said circle which points are
equiangularly distributed around said circle. An embodiment of the
invention will now be described by way of example with reference to the
accompanying drawings, in which:- Figure 1 is a side elevation of a motion
transducer; Figure 2 is a horizontal cross-section on the line II-II in
Figure 1; and 



-3- Figure 3 is block diagram showing summing of the outputs of the sensors
shown in Figures 1 and 2. Figure 1 shows the main components of the motion
transducer which are: a holow, cylindrical magnet 10 and a similar magnet
12, which are mounted around a shaft 14; the magnet[err]s 10, 12 are
movable with the shaft 14 along an axis 16; and four Hall-effect sensors
18, 20, 22, 24 arranged as an array 26.  The Hall-effect sensors are each
available under the type code LOHET II from Honeywell Control Systems
Limited, Components Group, Charles Square, Bracknell, Berkshire RG12 1EB.
The sensors 18-24 are mounted at points at equiangular intervals on a
circle having its centre coincident with the axis 16.  The sensors 18-24
are mounted on a plate 28 having a circular aperture 30 through which the
magnets 10, 12 are movable with clearance. Each sensor 18-24 is arranged
with its face lying in a plane which is tangential to the circle at points
of which the sensors are located. This arrangement is used whatever the
number of sensors in the array may be.  The plate 30, in the application of
the transducer to a gas module, is mounted outside the pressurised gas
space above the bulkhead 14 shown in Figure 1 of Patent Publication
No.0473264. The shaft 14 is intended in that application to be the
slam-shut valve reset handle. When the slam-shut valve closes, it pulls on
the cable by which it is connected to the handle. The slam-shut valve
ascends in its closing motion and the motion is transferred through the
cable to the handle ie. to 



the shaft 14 shown in Figures 1 and 2. The resultant downward motion of the
shaft 14 is measured by the transducer.    -4- The transducer produces a
continuous combined output from which the length of stroke of the shaft 14,
its velocity at any point in its motion, and its acceleration at any point
can be derived. The transducer can thus detect changes in these parameters,
which are typical of malfunction (owing to dirt, for example). In this way
the transducer functions as part of a diagnostics system applied to the gas
module. The Hall-effect sensors are very sensitive to change in the
distance from the magnets 10, 12. However, the sensors do not impose any
force on the shaft 14 and therefore are not a source of effects which has
to be taken into account. The shaft 14 moves endwise ideally along the axis
16, which lies at right angles to the plane of the circle on which the
sensors 18-24 are located and which passes through the centre of that
circle. However, the axis of motion is, in practice, liable to
displacement, typically for example, the displacement     [err] is angular
being equivalent to a tilt, although in general either a tilt or
displacement parallel to the ideal position at 16 is taken into account by
the design of the transducer. The magnet 10 consists of a piece of flexible
ferrite material available under the type code TPFF00865 from Magnetic
Developments Limited of Unit 17, Highworth Industrial Park, Highworth,
Swindon, Wiltshire, SN6 7NA, England. 



Originally, the piece of material was flat and was magnetised so that a
south pole was present everywhere at one face and a north pole was present
everywhere at the opposite face. These faces were the major faces of the
piece and the minor faces were the four edge faces of the piece. The piece
of material is very flexible and it was readily bent around the shaft 14 to
produce the hollow, cylindrical shape shown at 10. The material is then
-5- bonded to the shaft by a suitable adhesive and then covered by a
protective sheath e.g. a heat-shrink sheath. Bending of the piece of
material was such that a south pole was presented everywhere at the
external cylindrical face 50 of the magnet. A north pole was presented
everywhere at the internal face 52 of the magnet. The other magnet 12 was
produced from the same material as the magnet 10. However, bending in this
case was such that a north pole was presented everywhere at the external
cylindrical face 54 of the magnet and a south pole was presented everywhere
at the internal face, which is not visible in the drawings. As the external
south pole 10 moves downwardly past the array 26 of sensors along the axis
16 the outputs of the sensors, each of which is a voltage, increases in the
negative sense to a maximum at the mid-point of the south pole and then
decreases in the negative sense to a zero output at the join of the
external south pole of the magnet 10 and the external north pole of the
magnet 12. As the external north pole moves downwardly the output 



increases in the positive sense to a maximum at the mid-point of the
external north pole and then decreases back to zero at the top edge of the
face 54 of the magnet 12. The net result is an output which has the form of
one cycle of a sinusoidal wave. The voltage outputs of the sensors 18-24
are summed as shown in Figure 3 by means which in this case is a summing
amplifier 60. The amplifier 60 gives a combined output which can be
linearised if required. However, in this application the working range of
the transducer is the centre part of the sinusoidal wave mentioned above.
In that way the output is approximately a linear one proportionately
representing travel of the magnets 10,12.    -6- This combined output is
unaffected by rotation of the shaft 14. As the shaft rotates the magnetic
field experienced by the sensors 18-24 remains uniform so that no change in
total output occurs. Furthermore, the combined output is unaffected by
displacement of the axis 16 sideways or by tilting of the axis 16. As the
shaft 14 tilts the magnetic field strength will be increased acting on the
sensors it moves closer to and reduced by the same amount on the sensors it
moves further from. As a result there will be no change in the total,
combined output of the summing amplifier 60. The output of the sensors
18-24 can be varied by altering the spacing between the sensors and the
magnets 10,12 on the shaft 14. The output from the sensors can also be
varied by altering the length, along the axis 16, of 



magnetic material in the magnets 10, 12. The shaft 16 can be of either
ferrous or non-ferrous material. Although four sensors 18-20 are described
above, a different number could be used. Whatever number is used, the
sensors will be arranged at points on a circle. Also, they will be
equiangularly distributed about the centre of the circle; or else groups of
sensors will be equiangularly distributed. Preferably, there will be an
even number of sensors. However, that is not essential. For example, three
sensors may be used. The aim is to compensate for tilt or sideways
displacement of the axis 16, and also to cater for rotation of the magnets
10, 12, so as to give a combined output under all conditions which is
unaffected by tilt, or sideways displacement or rotation of the magnets 10,
12.    -7- Although two magnets 10, 12 are described above, it is possible
to use only one magnet. The working range of such a modified transducer
would be only half what it is using two magnets.    CLAIMS 1.   A motion
transducer. [err]   comprising magnetised ferromagnetic material which is
capable of motion past an array of Hall-effect sensors positioned at points
on a circle, said motion being 



along a straight axis transverse to a plane in which said circle lies, said
axis being displaceable from a true position normal to said plane through
the centre of said circle to a displacement position within said circle,
said magnetised material being of hollow cylindrical form comprising
external and internal faces and said material being magnetised so that said
external face everywhere presents a magnetic pole of a first polarity and
said internal face everywhere presents a magnetic pole of a second
polarity, said motion comprising end-wise motion with respect to said
cylindrical form, each sensor having an output when the magnetised material
moves past the sensors and the transducer also comprising means by which
said output may be combined with each other said output to yield a combined
output representative of said motion, the value of which combined output is
not affected by any rotation of said magnetised material about said axis
either in said true position or in said displaced position, said sensors
being in positionsin the array such that said output is equal to each other
said output in response to said motion along said axis in said true
position and said combined output not being affected by said motion along
said axis in said displaced position, any increase in said output from any
sensor or sensors closer to said displaced position of said axis being
compensated for by reduced output from a sensor or sensors more remote from
said displaced position of said axis.    2.   A transducer according to
claim 1, said magnetised material being in 



the form of a first piece-and there is provided a second such piece, said
first piece being magnetised so that its external face everywhere presents
a magnetic pole of a first polarity and said second piece being magnetised
so that its external face everywhere presents a magnetic pole of a second
polarity opposite to said first polarity. 3.  A transducer according to
claim I or claim 2, there being four sensors in said array at points on
said circle which points are equiangularly distributed around said circle.
4.   A transducer according to claim 1, 2 or 3, the magnetised material, or
each piece of magnetised material, comprising flexible material. 5.   A
transducer according to any preceding claim, the magnetised material, or
each piece of magnetised material, being formed around a common shaft. 6.
A transducer according to claim 1 substantially as herein described with
reference to the accompanying drawings.    


