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(57) Abréegée/Abstract:

An aerospace probe (1) for sensing speed of movement of a body of magnetic material in an aero engine. The probe (1) comprises
a magnet (2), a magnetically energisable pole piece (3,4) adjacent and magnetically coupled to the magnet (2), a sensing coll (5) of
conductive material wound around the pole piece (4), a conductive washer (/) extending around the pole piece (4). The sensing
coll (5) Is located between the conductive washer (/) and the magnet (2) and the washer (/) acts to limit or reduce the rate of
Increase of voltage In the sensing coll (5) as the speed of movement of the magnetic material increases.
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Abstract

An aerospace probe (1) for sensing speed of movement of a
body of magnetic material in an aero engine. The probe
(1) comprises a magnet (2), a magnetically energisable
pole piece (3,4) adjacent and magnetically coupled to the
magnet (2), a sensing coil (5) of conductive material
wound around the pole piece (4), a conductive washer (7)
extending around the pole piece (4). The sensing coill (5)
1is located between the conductive washer (7) and the
magnet (2) and the washer (7) acts to limit or reduce the
rate of increase of voltage in the sensing coil (5) as the

speed of movement of the magnetic material increases.

Figure 1

JIMV/52893ca



CA 02593553 2007-11-09

AEROSPACE MOVEMENT PROBE

This invention relates to an aerospace movement probe
and in particular to a probe for detecting movement of
objects such as jet engine shafts.

The use of magnetic sensors in co-operation with, for
example, one or more projections or teeth on a shaft to
give an output from which shaft rotational speed or torque
may be determined is well known. In such sensors, a
voltage, induced in a coll by changes in the magnetic flux
pattern of a magnetically energised pole piece, caused by
movement of a body of magnetic material in the field from
the pole piece is detected and/or measured.

The rotational speed of a rotating element can be
determined by measuring the frequency of the periodic
signal produced in the coil as one or more markers Or
elements on the surface of the rotating element passes or
pass through the field from the pole piece.

The rotational speed of a shaft in an aero engine can
be measured by fixing a magnetic phonic wheel to the
shaft. The phonic wheel includes a number of teeth or
protrusions and rotates with the shaft so that a
measurement of the speed of the teeth or protrusions on
the phonic wheel can be used to determine the rotational
speed of the shaft on which the phonic or toothed wheel 1is
mounted.

The torgue transmitted by a rotating shaft can be
measured, for example, by fixing a tubular structure
around the shaft whose twist is to be measured, such that
one end of the tubular structure 1s fixed to the shaft
while the other end is loose. By measuring the relative
time delay between the passing of a marker or element on
the surface of the shaft and a corresponding one on the

loose end of the tubular structure, the relative angular
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displacement between the rotating shaft and the tubular
structure at the loose end can be measured from which the
torgque can then be determined.

US-A-3,876,927 (Gee) describes a magnetic pickup
sensor for sensing the relative motion between the sensor
and a body of magnetic material. The device disclosed in
US-A-3,876,927 includes a multi-turn coil directly coiled
around and over a copper sleeve which is itself placed
around a pole piece. Movement of a body of magnetic
material through the magnetic flux generated by the magnet
induces a signal voltage in the multi-turn coil. The
copper sleeve acts as a low resistance shorted turn and
reduces the rate of increase of the signal voltage 1n the
coil wound around the sleeve as the speed of the motion
being sensed. The copper sleeve is placed inside the coil
so that heat generated by circulating currents 1n the
shorted turn is transmitted by conduction to the pole
piece and magnet through which it is dissipated.

The device shown US 3,876,927 (Gee) has a bulky
sensing end and is therefore not suitable for aerospace
applications where it is often necessary to site sensors
in areas of limited space and high temperature such as in
a jet engine.

In certain situations, it is highly undesirable to
employ a magnetic sensor having a high voltage output. For
example, when employing a magnetic sensor in an explosive
environment, such as a gas turbine engine, in order to
avoid the occurrence of sparks it 1s vital that the
amplitude of the output voltage of the sensor i1is limited.

Limiting the amplitude of the output voltage protects the
electronic measuring circultry against overvoltage. The
employment of electronic voltage limiters, such as diodes,
in such situations is undesirable due to the reliability

and redundancy problems associated with them.

US - A-7,148,679 (Proctor) discloses a probe for
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sensing movement of a body of magnetic material comprising a
magnetically energisable pole piece, a closed loop electrical
circult having a first end which is wound around the pole plece
and forms a pole piece coil inductively coupled to the pole
plece, the arrangement being such that movement of a body of
magnetic material relative to the pole piece induces a current in
the closed loop circuit, and a second end, remote from the pole
pliece, which forms a transformer primary coil. A transformer
secondary coil 1is inductively coupled to the primary coil, and
terminated by a load resistance and means for measuring an output
signal from the secondary coil. The primary and secondary coils
form a transformer such that a current in the primary coil
induces a voltage across the secondary coil. One or more
shorting turns of a conductor are coiled around and through the

secondary coill to inductively couple the primary and secondary

colls.

A problem with the probe of US 7,148,679 is that it is
relatively difficult and expensive to manufacture because of the
awkwardness of coiling the shorting turn or turns around and
through the output or secondary coil. Furthermore, it has been
found that where there are a plurality of secondary or output
coils coupled to a single primary coil, the degree of attenuation
for each of the secondary or output coils can vary and may even

be insufficient as a result of the differing relative locations
of the shorting turn to turns and the different secondary oOr

output coils.

In one aspect of the present invention, there is provided a
probe for sensing movement of a body of magnetic material in an
aero engine comprising: a magnet; a magnetically energisable pole
plece adjacent and magnetically coupled to the magnet; a
conductlve washer extending around the pole piece; and a sensing
circult or coil comprising at least one turn of conductive
material wound around the pole piece and located between the
conductive washer and the magnet; wherein the probe is configured

such that, 1n use, movement of the body of magnetic material past
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the pole piece induces voltages across the sensing circult or
coil, and across the conductive washer, and wherein as a speed of
movement of the body of magnetic material increases, the voltage
induced across, and a current induced in, the conductive washer
increases generating a magnetic field which opposes the field in
the pole plece so as to attenuate the voltage induced across the
sensing circult or coil.

In another aspect of the present invention, there is
provided a method of restricting a voltage across a sensing
circult or coil of an aerospace probe for sensing movement of a
body of magnetic material in an aero engine, the probe comprilsing
a magnet, a magnetically energisable pole piece adjacent and
magnetically coupled to the magnet, and the sensing circuit or
coll comprising at least one turn of conductive material wound
around the pole piece such that movement of the magnetic material
past the pole piece induces a voltage across the sensing circuit
or coil, the method including the step of providing a conductive
washer extending around the pole piece such that, in use,
movement of the body of magnetic material past the pole piece
induces voltages across the sensing circuit or coil, and across
the conductive washer, and wherein as a speed of movement of the
body of magnetic material increases, the voltage induced across,
and a current induced in, the conductive washer increases
generating a magnetic field which opposes the field in the pole
plece so as to attenuate the voltage induced across the sensing
clrcult or coil.

The i1nventor of the subject application has realised that
1t 1s possible to produce a probe which is both easier (and

therefore cheaper) to make, and which works
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better by taking the counter-intuitive step of replacing a
shorting turn comprised of a coil passing through and
around the secondary or output coil with a shorting turn
formed by one or more conductive washers placed around or
adjacent the pole piece itself.

The conductive attenuation washers may be made from a
shim or spacer and are therefore readily and easily
available and/or made in many thicknesses controlled to
fine tolerances. Furthermore a number of different
washers can be stacked in order to achieve a desired
attenuation.

Using a washer placed at the front of the probe
around the pole piece is also more efficient than the
arrangement shown in US-4,148,679 as the front of the
probe (i.e. area around pole piece) 1s the greatest area
of flux change meaning that the same attenuation can be
achieved by a smaller shorting device and therefore allow
for a smaller overall coil envelope.

As discussed above, the device shown in US 3,876,927
(Gee) is not suitable for aerospace applications where
there is limited space and high temperatures at the front
or sensing end of the probe. Furthermore, the washer
arrangement of the current invention has ilmportant
advantages over a sleeve arrangement of the type shown 1in
US 3,876,927 (Gee). A washer added at the front of the
probe piece can be added after a coil has been wound
around the pole piece and can therefore be relatively
easily replaced, removed or added to. The 1nner sleeve
arrangement of Us 3,876,927 (Gee) has the coil wound onto
the sleeve which means that the sleeve cannot be removed
or replaced or added to without removing the coil. If 1t
transpires, for example, that the degree of attenuation
provided by a particular washer or combination of washers
is insufficient, probes according to the current invention

can have the level of attenuation changed by the

JMV/52893ca
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relatively easy operation of adding or removing a washer
or washers. In effect, the subject invention allows one to
“tune” the level of attenuation required.

Preferred embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying drawings. The figures and accompanying
description are only for the purposes of illustrating one
or more preferred embodiments of the invention and are not
to be construed as unifying the invention, limiting the
invention, or limiting the appended claims. The skilled
man will readily and easlly envisage alternative

embodiments of the invention.

In the figures:

Figure 1 shows schematically a probe according to a
preferred embodiment of the invention for sensing movement
of a magnetic toothed wheel;

Figure 2 is a perspective view of a probe mounting
including a probe according to a preferred embodiment of
the invention embodying the invention;

Figure 3 shows a graph of output voltage against wheel
speed, as a percentage of maximum wheel speed, for a probe
according to preferred embodiments of the invention such
as those illustrated in figures 1 and 5, having an

attenuation washer and probes of the same construction but

having no attenuation washer; and
Figure 4 shows schematically an alternative embodiment of
the invention where the attenuation washer is used in
conjunction with a transformer probe of the type described
in US-A-4,739,260.

The speed probe 1 shown in figure 1 has a permanent
magnet 2 and assoclated pole piece 3,4. The pole piece
has an initial flat portion 3 adjacent the wmagnet 2 and a

projecting element 4 on which a coil 5 is wound and which,

JMV/52893ca
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in use, faces towards the body of magnetic material 6
whose movement or speed is to be measured or monitored.
There is non-conductive spacer 9 between the flat initial
portion 3 of the pole piece and the coil 5. An
attenuation washer 7 made from a conductive material (for
example copper or aluminum) is located on the projecting
portion 4 of the pole piece at the end of the pole piece
distal from the magnet 2. The ends 8 of the coil wire lead
out from the coil 5 to measuring circultry (not shown).

The mode of operation of the probe shown in Figure 1
when employed as a speed sensor will now be described.

In Figure 1, the probe is shown in a first position
relative to a toothed wheel 6 of magnetic material, the
rotational speed of which is to be measured. The magnetic
flux in the pole piece 3, 4 of the probe depends upon the
strength of the magnet 2 and upon the magnetic circuilt
reluctance of the circuit consisting of the magnet 2, pole
piece coil 5, air gap 10, wheel 6 and the alr path
returning magnetic field from the wheel 6 to the magnet 2.

In the first position shown in Figure 1, the pole
piece end 4 is opposite one of the teeth 11 of the wheel
6, there is a small air gap 10 between the pole piece 4
and the tooth 11 and the magnetic flux in the pole piece
3,4 1is high as the reluctance of the magnetic circuit 1s
low. When the wheel 6 rotates, the position of the pole

piece 4 relative to the wheel teeth changes from the first
position shown in Figure 1 to a second position wherein
the pole piece 4 1is opposite a gap 12 between two of the
teeth on the wheel 6. In the second position, the air gap
10 between the pole pliece 4 and the teeth 1s large and the
magnetic flux in the pole piece 3,4 is low as the
reluctance of the magnetic circuit 1s high.

As the wheel 6 rotates and the position of the pole
piece 3,4 relative to the teeth on the wheel changes

between the first and second positions, the magnetic flux

JMV/52893ca
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in the pole piece 3,40 oscillates between high and low
values respectively. The changes in the magnet flux of
the pole piece 3,4 caused by the variation in the
reluctance of the magnetic circuit as the wheel rotates,
1nduces a voltage in the pole piece 3,4, in the coil 5,
and 1n the conductive attenuation washer 7. In the
preferred embodiment of the invention and as discussed
above, the resistance of the coil 5 is very low, such that
a high current flows in the coil 5.

Figure 2 1s a perspective view of a probe mounting
including a probe of the type described above in
connection with figure 1. The only portion of the probe
assembly of figure 1 visible in figure 2 is the end of the
pole piece 4. The rest of the probe is supported inside a
casing 13. The casing may be of a plastics (alternative
embodiments could use metal or any other suitable
material) such as PEEK (a high temperature resistance
engilneered thermoplastic avallable under the trade mark
ARLON). For the embodiment with a plastics casing shown
in figure 2, the casing has two bolt holes 14 which
receive fixing bolts (not shown). The upper edges of the
bolt holes 14 have a metal ring or insert 15 which is
connected (not shown) to the probe coil leads (not shown)
of the probe supported inside the casing. The fixing bolts
can therefore be used to connect the probe to measuring
circuitry.

Figure 3 shows a graph of output voltage against
wheel speed as a percentage of maximum wheel speed for a
probe according to a preferred embodiment of the invention
having a washer and a probe of the same construction
having no washer. With no washer (and therefore shorting
turn), the amplitude of the output voltage signal of the
output coil of the probe increases at an approximately
linear rate with increasing wheel speed. In contrast, the

rate of 1increase of the amplitude of the output voltage
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signal of the probe 1 according to the preferred embodiment of
the invention, having a washer 7, decreases markedly as the wheel
speed 1increases, such that the amplitude of the output voltage of
the probe at high wheel speeds is limited or increases slowly.

The washer 7 and coil 5 both load the pole piece 3,4. As
the speed of the toothed wheel increases (1.e. freguency of teeth
passing pole piece increases) the voltage induced in the washer
increases and therefore a large current is flowing in the washer
generating a strong magnetic field which 1is opposing the field in
the pole piece and therefore reducing the increase of voltage in
the coi1l 5. 1In the absence of the attenuation washer 7, the
voltage across the coil 5 would increase continuously as the
speed of the toothed wheel increased and, as discussed above,
this has potentially catastrophic consequences for the electronic
circults connected to the coil 5.

The washer, however, absorbs some (an increasing proportion
as the voltage across the pole plece increases) of the energy and
therefore attenuates the voltage across the coil 5. As the speed
(1.e. frequency of passage of teeth past pole piece) increases,
attenuation 1ncreases and therefore the washer 7 acts to limit or
restrict increase or rate of increase of voltage across coil and
thereby reduces risk of overvoltage, sparks and/or over-heating.

Figure 4 1llustrates a transformer probe of the type
described in US-A-7,148,679 but modified to have the inventive

attenuation washer arrangement described above in connection with

figure 1.

The transformer probe 16 shown 1in Figure 4 has a housing
(not shown) containing a primary closed loop circuit 20 of
electrically conductive material. The primary clrcuit may be

formed from copper wire, preferably
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with a diameter of 1-2 mm, or from any other conductor
with low DC resistance such as, for example, steel or
bronze.

The primary circult preferably has a low DC
resistance so as to have a low load in comparison to that
of the primary coil 45. For low frequency operation, where

the primary circult resistance is R; and the primary coil

inductance 1s L,;, Ri<2WfL,. The inductance of the primary

coil i1s likely to be of the order of 1-2 PUH and so the

resistance of the conducting primary circuit is typically

1-20 mQ).

A first end 25 of the primary circuit 20 is wound
around pole piece 4 of a permanent magnet 2 so as to form
a pole piece coil 25. The first end of the primary circuit
with thé magnet 2 is mounted at the front end of the
housing. The other end of the primary circuit 20, distant
from the first end 25, distant from the pole piece 4, is
wound around a magnetic core 40, mounted towards the other
end of the housing 15, to form a primary coil 45 of a
transformer 50. A second coil 55 is wound around the
magnetic core 40 to form a secondary coil of the
transformer 50. The secondary or output coil 55 is
connected by a palr of wires or leads 8 to a load
resistance and measuring apparatus which for simplicity
have been omitted from the figures. In the preferred

embodiment of the invention the load resistance is
typically 1-20 kQ.
A conductive washer 7 is placed over the pole piece 4

to attenuate the output voltage in the way described above

for the embodiment of figure 1. The washer acts as a
shorting turn.

It will also be appreciated that whilst Figures 1,2
and 5 1llustrate embodiments with only a single output
coll 5 and washer 7, it is possible and contemplated to

have greater numbers. Of both or either. 1If, say, four
JMV/52893ca



CA 02593553 2007-11-09

- 10 -

outputs are required 1t may be appropriate to have four

output coils all wound around the pole piece 3,4. As

discussed above 1t 1is also possible to have multiple

washers.

JMV/52893ca
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CLAIMS:

1. A probe for sensing movement of a body of magnetic material 1n an
‘aero engine comprising:

a magnet;

a magnetically energisable pole piece adjacent and magnetically
coupled to the magnet;

a conductive washer extending around the pole piece; and

F

a sensing circulit or coll comprising at least one turn of
conductive material wound around the pole pilece and located between
the conductive washer and the magnet,

wherein the probe is configured such that, in use, movement of
the body of magnetic material past the pole pilece induces voltages
across the sensing circult or coil, and across the conductive washer,
and wherein as a speed of movement of the body of magnetic material
increases, the voltage induced across, and a current induced 1in, the
conductive washer increases generating a magnetic field which opposes
the field in the pole piece so as to attenuate the voltage induced
across the sensing circuit or coil.

tn

2. A probe according to claim 1 wherein the at least one turn o:
conductive material comprises a coill.

3. A probe according to claim 2 wherein the coil is terminated by a
load resistance and means for measuring an output signal from the
coll.

4., A probe according to any one of claims 1 to 3 wherein the sensing
circuit comprises an electrical circult having the at least one turn
of conductive material wound around and inductively coupled to the
pole piece, the arrangement being such that movement of a magnetic
body relative to the pole piece induces a current in the sensing
circuit, and a second portion, remote from the pole piece, which forms
a transformer primary coil;

a transformer secondary coil, inductively coupled to the primary
formed by the second portion of the sensing circuit, and

-

CO1.
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terminated by a load resistance and means for measuring an output
signal from the secondary coil,

whereilin the primary and secondary coilils form a transformer such

that the current 1n the sensing circult 1nduces a voltage across the
secondary coill; and

the washer 1s i1nductively coupled to the primary coil.

5. A probe according to any one of claims 1 to 4, wherein the
conductive washer 1s made from copper or aluminium.

0. A probe according to any one of claims 1 to 5, comprising two oOr
more conductive washers extending around the pole piece.

7. An aerospace probe according to the probe of any one of claims 1
to o.

o An aero engine 1ncluding a probe according to any one of claims 1
to 7.

9. A method of restricting a voltage across a sensing circuit or

colil of an aerospace probe for sensing movement of a body of magnetic
material i1n an aero engine, the probe comprising a magnet, a
magnetically energlsable pole pilece adjacent and magnetically coupled
to the magnet, and the sensing circuit or coil comprising at least one
turn of conductive material wound around the pole piece such that
movement of the magnetic material past the pole piece 1nduces a
voltage across the sensing circuit or coil, the method including the
step of providing a conductive washer extending around the pole piece
such that, in use, movement of the body of magnetic material past the
pole piece induces voltages across the sensing circult or coil, and
across the conductive washer, and wherein as a speed of movement of
the body of magnetic material 1increases, the voltage induced across,
and a current induced 1in, the conductive washer increases generating a
magnetic field which opposes the field in the pole pilece so as to
attenuate the voltage induced across the sensing circult or coil.
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