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magnetic flux pattern through which the blades of one
of the engine rotors pass. A winding is provided on
the pole piece, and eddy currents induced in each
blade as it' passes through the flux pattern change the
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flux in the magnetic circuit defined by the magnet and

the pole piece and so induce a voltage pulse in the
winding.

These sensors suffer from the disadvantag'e
that spurious voltage pulses can be induced in the
winding by extraneous magnetic flux changes which have
nothing to do with the mdving rotor blades, but are
caused for example by varying electrical currents in
engine accessories such as igniters. These spurious
voltage pulses can be larger than the voltage pulses
due to the moving rotor blades, and thus introduce
large errors.

One way of overcoming this disadvantage is
described in United Kingdom Patent Specification No. 1
386 035, which discloses an eddy current sensor having
a magnetié circuit comprising an E-shaped magnetic
core with three parallel legs. The central leg is a
permanent magnet, while the two side legs both serve
as pole pieces and have respective windings on themn.
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therefore not cancel at all well. It is an object of
the present invention to alleviate this drawback.

" According to the present invention, ‘there is -

provided an inductive sensor for sens:.ng the passage'

of an electrically conductive or magnetlc obJect . the

sensor comprising a magnet and a first pole piece
projecting generelly parallel to each other from
respective ends of a ferromagnetic support member so
as to deflne a magnetlc flux pattern through which the

object passes, a second pole piece projecting _from the '
same end of the support member as, but generally in :
the opposite direction to, the first pole piece, and -
first and second windings wound on the fJ.rst ‘and

in the second, the windings being connected together

and arranged such that flux changes in the v1c1.n1ty of .
the sensor due to causes other than the passage  of

the object ‘tend to induce in the w:.ndings
substant:.ally equal and opposrte voltages whlch
substantially cancel each other out. ' ' ' '
The magnet is preferably a permanent magnet.
Conveniently, the first and second wmd:.ngs
are substantially identical, as are the first and
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the obj ect tend to induce in the w ndings substantially equal and
oppW¥site vol tages which substantially cancel each other out. The magnet is
preferably-a permanent magnet. Conveniently, the first and second w ndings

are, stibstantially identical, as are the first and -3- second pole
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substantially coaxial wth each other. - wever, if necessary in a
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equal and opposite voltages. Thus the second pole
piece can have an axially movable core and/or can be
- adjustably inclinable by a small amount with respect
to the axis of the first pole piece.

Advantageously, the sensor further comprises
a second magnet, substantially identical to the first
magnet, projecting from the same end of the support
member as, but generally in the opposite direction to,
the first magnet.

The invention will now be described, by way
of example only, with reference to the accompanying
drawings, of which:

Figure 1 is a simplified schematic drawing of
an inductive speed sensing probe in accordance with
the present invention; and

Figure 2 illustrates the improved operation
of the probe of Figure 1.

The inductive speed sensing probe of Figure 1
is indicated generally at 10, and comprises a
ferromagnetic support member or yoke 12 having a
permanent magnet 14 projecting from one end and a
3 first pole piece 16 projecting from the other end,
. generally parallel to the magnet. A second pole piece
18, similar to and substantially coaxial with the

first, projects from the yoke 12 in the opposite
direction to the first pole piece. Substantially
-identical coils or windings 20, 22 are wound onb the
pole pieces 16, 18 respectively, the coils being



~of the probe of Figure 1. The inductive speed sensing probe of Figure 1 is
I ndi cated generally at 10, and conprises a ferronmagnetic support nenber or
yoke 12-having a pernmanent nagnet 14 projecting fromone end and a fi rst: .
pol e piece 16 projecting fromthe other end, generally parallel to the 7 /
. magnet. A second pole piece 18, simlar to and substantially coaxial wth:
the first, projects fromthe yoke 12 i'h the opposite direction to the first
pol e pi ece. Substantially identical coils or w ndings 20, 22 are wound on

the pol e pignfactea %géanfftiﬁ/%grié£m$%%g&5.ng .- -4- connected

together in series oppdsition. In use, P 0 is mounted in the
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The  magnetic circuit formed by the yoke 12,
the magnet 14 and the first pole piece 16 defines a

magnetic flux pattern in- the region in -and -around the
gap between the respective free ends of the magrie‘t' and
the pole piece, and the tips of the blades 24
successively pass through this flt;ic pattern as the
shaft 26 rotates. As the tip of each blade 24 passes
through the flux pattern, eddy currents are induced in
the blade, and this in turn varies the flux in the
aforementioned magnetic circuit and so induces a-
voltage pi_llse_ in the coil 20; - Howevér, a very much
smaller voltage pulse is induced in the coil 22, since
it and its pole piece 18 are not only further away \J
from the tip of the blade 24, but also outside the
aforementioned magnetic circuit. ' The combined output
signal derived from both coils 20,22 is therefore
effectively a slightly reduced amplitude version of
the voltage pulse induced in the first coil 20." |

~ Extraneous magnetic flux changes, on the
other hand, produced for example: by' varying electrical .
current flowing in an electrical conductor :.ext'ending .
perpendicular to the plane of Figure 1, tend to affect “/
both of the pole pieces 16, 18 equalll'y, since the pole
pieces 16, 18 are so close together and. Subst”anfially
aligned with each other. This is shown somewhat
schematically in Figure 2, where the conductor is



the blade, and this in turn varies the flux in the aforenenti oned nagnetic
circuit and so induces a voltage pulse in the coil 20. However, a very
mueh smal | er voltage pulse is induced in the coil 22, since it and its pole
"piece 18 are not only further away fromthe tip of the blade 24, but also
out 1 de the aforenentioned nmagnetic circgit. The conbined output signal
derived fromboth coils 20,22 is therefofe effectively a slightly reduced
anpl i tude version of the voltage pulse induced in the first coil 20.
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shown in Figure 2, agal n sonewhat schematical]y,.is a_sensor of the kind
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somewhat si MybiShi;6e ' Bf their significantly different distances :
— from this conductor.

Clearly, Figure 2 is somewhat simplistic, in
that the conductor 28 can have positions and
orientations other than that shown. However, in a
given engine, the positions and orientations of such
conductors will be fixed, so that the varying flux
changes they produce can be determined. In such
circumstances, if these flux changes are of slightly
different magnitudes at the respective positions of
the pole pieces 16, 18, this can be taken into account
either by slightly increasing or decreasing the number
of turns in the coil 22, and/or by slightly altering
the orientation of the pole piece 18 with respect to
the pole piece 16, and/or by providing the pole piece
18 with an axially movable tuning slug or core, so as
to enhance the voltage cancelling effect mentioned
earlier. Typically, the optimum arrangement would be
determined by trial and error using an adjustable
version of the sensor 10, and this optimum arrangement
5 would then be implemented in a non-adjustable
) production version of the sensor.

i A number of modifications can be made to the
. described embodiment of the invention. For example,

to render the respective magnetic circuits containing

the pole pieces 16 and 18 more closely similar to ‘each

other, the sensor 10 can be provided with a second



that the conductor 28 can have positions and orientations other than that

shown. However, in a given éengine; the positions and orientations of such
conductors will be fixed, so that the varying flux changes they produce can
be det er nmi ned. In such circunstances, if these flux changes are of i;(

slightly different magnitudes at the respective positions of the pole
pi eces 16, 18, this can be taken intdo 8cCount eit her by slightly increasing
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‘sensor which works on the eddy.current'principle, it
is equally applicable to sensors which work on the
variable magnetic:reluctance:principle'(where the
sensor co-operates with a'toothed'wheel'dr the 1like
made of a magnetic material, instead of with the
blades 24). ' ' '

the invention has been described in relation to a _ o/
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rrg;\ghi ng of the coils 20,22 sonewhat easier. In anvrher—-ﬁﬁdl—f—ke—a{-l_an_,_ t he
yoke 12 and-the pole pieces 16, 18 can be'nmade integr ch ot her
froma single piece of ferromagnetic material. And aﬁMHM”ﬁ tion
has/been described in relation to a sensor which work rrent
principle, it is equally applicable to-sensors. which work on the var| abl e
magneti c reluctance principle (where the sensor co-operates with a toothed
wheel or the |ike made of a nmagnetic material, instead of with the bl ades
24) . -7 - CLAI M5 27 CaATMS. An i nduct2ve6é4énsor for
sensing the passage of an electrically conductive or nmagnetic object , the
sensor conprising a magnef and a first pol e piece projecting generally
‘paral l el to &ach ot helT} r BRAREEHER SERSHTIST - Bengingnddifcrassaseippor t
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_. the oppos:l.te direction to, the first pole piece, and

N first and second windings wound on the first and
second pole pieces respectively, whereby passage of

the object through the flux pattern induces a
substantially larger voltage in the first winding than
in the second, the windings being connected together
and arranged such that flux changes in the vicinity of
the sensor due to causes other than the passage of
the object tend to induce in the windings
substantially equal and opposite voltages which
substantially cancel each other out. |

2. A sensor as claimed in claim 1, wherein the
magnet is a permanent magnet.

3. A sensor as claimed in claim 1 or claim 2,
wherein the first and second windings are
substantially identical.

4. A sensor as claimed in any preceding claim,
wherein the first and second pole pieces are
substantially identical.

5. A sensor as claimed in any preceding claim,
S wherein_ the first and second pole pieces are
substantially coaxial with each other.

6. A senscr as claimed in any preceding claim,
wherein the second pole piece has an axially movable
core.

7. A sensor as claimed in any preceding claim,
wherein the seccnd pole piece is adjustably inclinable



2. A sensor as clainmed in claim1, wherein the pnent
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