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(54) FEEDBACK SYSTEM FOR PITCH-ADJUSTABLE BLADES OF AIRCRAFT BLADED ROTOR

(57) System for providing pitch position feedback for
pitch-adjustable blades of an aircraft bladed rotor include
a sensor (40) comprising a magnet (62) having a mag-
netic field, a pole piece (64) coupled to a first pole of the
magnet (62) and directing the magnetic field toward the
feature and a coil (60A) mounted in the magnetic field.
The coil (60A) generates a sensor signal indicative of a
variation in the magnetic field caused by movement of
the feature in the magnetic field. The sensor (40) also
includes a magnetic shield (56) mounted in the magnetic
field. The magnetic shield (56) defines a magnetic return
path for some magnetic flux of the magnetic field exiting
the pole piece (64) toward an opposite second pole of
the magnet (62).
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Description

TECHNICAL FIELD

[0001] The disclosure relates generally to aircraft en-
gines, and more particularly to feedback systems for
pitch-adjustable blades of bladed rotors of aircraft.

BACKGROUND

[0002] On aircraft propeller systems that have variable
pitch propeller blades, it is desirable to provide accurate
feedback on the angular position, sometimes referred to
as "beta angle", of the propeller blades. Such feedback
can be used to control such angular position as desired
in a feedback control loop based on a requested set point.
Such angular position feedback can also be used to en-
sure that the propeller is not inadvertently commanded
to transition into excessively low or reverse beta angles,
which could potentially be hazardous in some phases of
flight of the aircraft.

SUMMARY

[0003] An engine according to one disclosed, non-lim-
iting embodiment has a feedback system for pitch-ad-
justable blades of an aircraft bladed rotor where the sys-
tem comprises:

a feedback rotor configured to rotate with the aircraft
bladed rotor about a rotation axis, the feedback rotor
being axially displaceable along the rotation axis to
a plurality of axial positions, the axial position of the
feedback rotor corresponding to a respective pitch
position of the pitch-adjustable blades, the feedback
rotor comprising features spaced circumferentially
around the feedback rotor;

a stationary magnet mounted in the engine adjacent
the rotating feedback rotor, the magnet having a
magnetic field;

a pole piece coupled to a first pole of the magnet and
configured to direct the magnetic field toward the fea-
tures;

a coil mounted in the magnetic field and being sta-
tionary relative to the magnet, the coil configured to
generate a sensor signal indicative of a variation in
the magnetic field caused by movement of one or
more of the features in the magnetic field as the feed-
back rotor rotates relative to the magnet;

a magnetic shield mounted in the magnetic field and
being stationary relative to the magnet, the magnetic
shield defining a magnetic return path for some mag-
netic flux of the magnetic field exiting the pole piece
toward an opposite second pole of the magnet; and

a detection unit operatively connected to the coil and
configured to generate a feedback signal indicative
of the respective pitch position of the pitch-adjustable
blades in response to the sensor signal received
from the coil.

[0004] In an embodiment according to the previous
embodiment, the pole piece is disposed between the
magnet and the feedback rotor.
[0005] In another embodiment according to any of the
previous embodiments, the magnetic shield comprises
an aperture for permitting passage of the magnetic field
through the magnetic shield via the aperture.
[0006] In another embodiment according to any of the
previous embodiments, the pole piece extends into the
aperture in the magnetic shield.
[0007] In another embodiment according to any of the
previous embodiments, at least part of the magnetic
shield is disposed inside a sensor housing containing the
magnet, the coil and the pole piece.
[0008] In another embodiment according to any of the
previous embodiments, at least part of the magnetic
shield is disposed outside a sensor housing containing
the magnet, the coil and the pole piece.
[0009] In another embodiment according to any of the
previous embodiments, the pole piece is disposed be-
tween the magnet and the feedback rotor.
[0010] In another embodiment according to any of the
previous embodiments, the magnetic shield comprises
a bottom wall and one or more side walls cooperatively
defining a receptacle within which part of the coil and part
of the pole piece are received. The bottom wall includes
an aperture for permitting passage of the magnetic field
through the bottom wall.
[0011] In another embodiment according to any of the
previous embodiments, the coil is a first coil and the sen-
sor signal is a first sensor signal indicative of the variation
in the magnetic field on a first channel. The system com-
prises a second coil configured to generate a second
sensor signal indicative of the variation in the magnetic
field on a second channel.
[0012] Embodiments may include combinations of the
above features.
[0013] A sensor for detecting a moving feature accord-
ing to another disclosed non-limiting embodiment com-
prises:

a magnet having a magnetic field;

a pole piece coupled to a first pole of the magnet and
directing the magnetic field toward the feature;

a coil mounted in the magnetic field, the coil config-
ured to generate a sensor signal indicative of a var-
iation in the magnetic field caused by movement of
the feature in the magnetic field; and

a magnetic shield mounted in the magnetic field, the
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magnetic shield defining a magnetic return path for
some magnetic flux of the magnetic field exiting the
pole piece toward an opposite second pole of the
magnet.

[0014] In an embodiment according to the previous
embodiment, the sensor comprises a housing containing
the magnet, the pole piece and the coil. In some embod-
iments at least part of the magnetic shield is disposed
inside the housing.
[0015] In another embodiment according to any of the
previous embodiments, the sensor comprises a housing
containing the magnet, the pole piece and the coil. In
some embodiments at least part of the magnetic shield
is disposed outside the housing.
[0016] In another embodiment according to any of the
previous embodiments, the magnetic shield comprises
a wall with an aperture for permitting passage of the mag-
netic field through the magnetic shield via the aperture.
[0017] In another embodiment according to any of the
previous embodiments, the pole piece extends into the
aperture in the wall of the magnetic shield.
[0018] In another embodiment according to any of the
previous embodiments, the coil is a first coil and the sen-
sor signal is a first sensor signal indicative of the variation
in the magnetic field on a first channel. The sensor com-
prises a second coil configured to generate a second
sensor signal indicative of the variation in the magnetic
field on a second channel redundant to the first channel.
[0019] In another embodiment according to any of the
previous embodiments, the magnetic shield comprises
a bottom wall and one or more side walls cooperatively
defining a receptacle within which part of the coil and part
of the pole piece are received. The bottom wall includes
an aperture for permitting passage of the magnetic field
through the bottom wall.
[0020] In another embodiment according to any of the
previous embodiments, the pole piece extends into the
aperture in the wall of the magnetic shield.
[0021] Embodiments may include combinations of the
above features.
[0022] A method for providing pitch position feedback
for pitch-adjustable blades of an aircraft bladed rotor ac-
cording to another disclosed non-limiting embodiment
comprises:

directing a magnetic field from a first pole of a magnet
toward a location that moving features indicative of
a pitch of the pitch-adjustable blades are expected
to occupy as the moving features move relative to
the magnet, the magnetic field including first mag-
netic flux intersecting the location that the moving
features are expected to occupy and second mag-
netic flux not intersecting the location that the moving
features are expected to occupy;

guiding the second magnetic flux toward an opposite
second pole of the magnet along one or more mag-

netic return paths;

detecting a variation in the magnetic field caused by
movement of one or more of the moving features in
the magnetic field; and

generating a signal indicative of the pitch of the pitch-
adjustable blades based on the detection of the var-
iation in the magnetic field.

[0023] In an embodiment according to the previous
embodiment, the method comprises directing the first
magnetic flux through an aperture in a wall of a magnetic
shield defining the one or more magnetic return paths.
[0024] In another embodiment according to any of the
previous embodiments, the method comprises detecting
the variation in the magnetic field in a redundant manner.
[0025] Embodiments may include combinations of the
above features.
[0026] Further details of these and other aspects of the
subject matter of this application will be apparent from
the detailed description included below and the drawings.

DESCRIPTION OF THE DRAWINGS

[0027] Reference is now made to the accompanying
drawings, in which:

FIG. 1 is an axial cross-section view of an aircraft
engine coupled to a bladed rotor with pitch-adjusta-
ble blades;

FIG. 2 is a schematic representation of a partial axial
cross-section of an exemplary pitch feedback sys-
tem for the pitch-adjustable blades of the bladed ro-
tor;

FIGS. 3A and 3B are schematic respective top and
side views of a sensor and a feedback rotor for the
feedback system of FIG. 2;

FIGS. 4A and 4B are respective schematic front and
bottom views of an exemplary sensor of the feedback
system of FIG. 2;

FIG. 5 is a perspective view of a magnetic shield of
the sensor of FIGS. 4A and 4B showing an aperture
through a bottom wall of the magnetic shield;

FIGS. 6A and 6B are cross-sectional views of two
exemplary embodiments of the sensor of FIGS. 4A
and 4B taken along line 6-6 in FIG. 4B;

FIG. 7 is a cross-sectional view of another exemplary
sensor of the feedback system of FIG. 2;

FIGS. 8A and 8B are respective schematic front and
bottom views of another exemplary sensor of the
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feedback system of FIG. 2;

FIG. 8C is a cross-sectional view of the sensor of
FIGS. 8A and 8B taken along line 8-8 in FIG. 8B;

FIGS. 9A and 9B are respective schematic front and
bottom views of another exemplary sensor of the
feedback system of FIG. 2;

FIG. 9C is a cross-sectional view of the sensor of
FIGS. 9A and 9B taken along line 9-9 in FIG. 9B;

FIGS. 10A and 10B are respective schematic front
and bottom views of another exemplary sensor of
the feedback system of FIG. 2;

FIGS. 11A and 11B are cross-sectional views of a
sensor without and with a magnetic shield respec-
tively to show the effect of the magnetic shield on
leakage magnetic flux;

FIGS. 12A and 12B are cross-sectional views of the
sensor of FIGS. 11A and 11B respectively to show
the effect of the magnetic shield on a magnetic field
near an edge of a detectable feature; and

FIG. 13 is a flowchart of a method for providing pitch
position feedback for pitch-adjustable blades of an
aircraft bladed rotor.

DETAILED DESCRIPTION

[0028] The following description discloses systems,
sensors and methods useful in providing feedback on
the angular (i.e., pitch) position of pitch-adjustable blades
on aircraft bladed rotors such as aircraft propellers for
example. In some embodiments, the systems, sensors
and methods disclosed herein make use of the detection
of variations in a magnetic field caused by the movement
(e.g., passage) of one or more moving detectable fea-
tures to generate one or more signals indicative of the
angular position of the pitch-adjustable blades. In some
embodiments, the systems, sensors and methods dis-
closed herein may use a magnetically permeable shield
that guides some magnetic flux in the magnetic field along
one or more magnetic return paths in order to promote
a configuration of the magnetic field that is favorable to
accurate detection of the one or more detectable fea-
tures. In some embodiments, the systems, sensors and
methods disclosed herein may permit the detection of
such detectable feature(s) using a location near one or
more respective edges of the one or more detectable
feature(s) by mitigating edge effects on the magnetic
field.
[0029] Aspects of various embodiments are described
through reference to the drawings.
[0030] FIG. 1 is an axial cross-section view of an ex-
emplary aircraft engine 10 coupled to bladed rotor 12

(e.g., propeller) for an aircraft (not shown). Engine 10
may be a gas turbine engine, of a type typically provided
for use in subsonic flight, comprising inlet 14, into which
ambient air is received, (e.g., multi-stage) compressor
16 for pressurizing the air, combustor 18 in which the
compressed air is mixed with fuel and ignited for gener-
ating an annular stream of hot combustion gases, and
turbine section 20 for extracting energy from the com-
bustion gases. Turbine section 20 may comprise com-
pressor turbine 22, which may drive compressor 16 and
other accessories, and power turbine 24 which may ro-
tate independently from compressor turbine 22 and
which may drive power shaft 26 which may be drivingly
coupled to bladed rotor 12 via reduction gearbox 28.
Combustion gases may be evacuated through exhaust
duct 30 after passing through turbine section 20.
[0031] Bladed rotor 12 may comprise a plurality of
pitch-adjustable blades 32 extending radially from hub
34 and being circumferentially distributed relative to hub
34 of bladed rotor 12. Bladed rotor 12 may be a variable
pitch bladed rotor where each blade 32 may be angularly
adjustable about a respective axis B. Accordingly, each
blade 32 may be rotatable about axis B using any suitable
mechanism so that the pitch of blades 32 may be adjusted
collectively in unison for different phases of operation
(e.g., feather, forward thrust and reverse) of engine 10
and/or of an aircraft to which engine 10 and bladed rotor
12 may be mounted. Even though FIG. 1 illustrates blad-
ed rotor 12 as a propeller suitable for fixed-wing aircraft,
it is understood that aspects of this disclosure are also
applicable to other types of bladed rotors such as main
rotors and tail rotors of rotary-wing aircraft such as heli-
copters for example.
[0032] Bladed rotor 12 may be mounted for rotation
about rotation axis R. In some embodiments, rotation axis
R may, but not necessarily, be coaxial with an axis of
rotation of power shaft 26. FIG. 1 also schematically
shows an angular (pitch) position feedback system 36
(referred hereinafter as "feedback system 36") associat-
ed with bladed rotor 12 and which is described below.
[0033] FIG. 2 is a schematic representation of a partial
axial cross-section of an exemplary feedback system 36
of engine 10 for providing feedback on the angular posi-
tion of adjustable blades 32 of bladed rotor 12. Feedback
system 36 may be configured to interface with known or
other adjustable blade systems to permit the detection
of the angular position (e.g., beta angle) of adjustable
blades 32. In some embodiments, feedback system 36
may comprise feedback rotor 38, sensor 40 and detection
unit 42.
[0034] Feedback rotor 38 may be configured to rotate
with (e.g., be mechanically coupled to) bladed rotor 12
about rotation axis R. For example, in some embodi-
ments, feedback rotor 38 may be configured to rotate at
the same rotational speed and coaxially with bladed rotor
12. However, it is understood that the rotation axis of
feedback rotor 38 may not necessarily be coaxial with
the rotation axis of bladed rotor 12. Feedback rotor 38
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may be axially displaceable along rotation axis R to a
plurality of axial positions where an axial position of feed-
back rotor 38 may correspond to a respective angular
(pitch) position of adjustable blades 32. Feedback rotor
38 may comprise circumferentially-spaced apart and de-
tectable features 44 useful for detecting the axial position
of the feedback rotor 38 as feedback rotor 38 and bladed
rotor 12 rotate. Feedback rotor 38 may consequently be
useful for detecting the angular position of adjustable
blades 32 by way of a correlation. Feedback rotor 38 may
comprise an annular member 46 or wheel with detectable
features 44 protruding therefrom. In some embodiments,
detectable features 44 and sensor 40 may be disposed
on a radially-outer side of annular member 46. Alterna-
tively, detectable features 44 and sensor 40 could be
disposed on a radially-inner side of annular member 46
instead.
[0035] In various embodiments, detectable features 44
may be of any suitable configurations permitting the pas-
sage of such detectable features 44 to be detected by
sensor 40. In some embodiments, detectable features
44 may, for example, comprise one or more of the fol-
lowing: protrusions, teeth, walls, voids, recesses and/or
other singularities. In various embodiments, detectable
features 44 may all be of the same configuration or may
comprise features of different configurations. In some
embodiments, one or more detectable features 44 may
be separate components individually secured to annular
member 46 of feedback rotor 38. In some embodiments,
one or more detectable features 44 may be integrally
formed with annular member 46 so that feedback rotor
38 may have a unitary construction.
[0036] Approaches for the integration of feedback rotor
38 with bladed rotor 12 to permit axial movement of feed-
back rotor 38 to correspond with the angular position of
adjustable blades 32 and the use of detectable features
44 to obtain feedback of angular position of adjustable
blades 32 are disclosed in US Patent Publication No.
2015/0139798 A1 (title: SYSTEM AND METHOD FOR
ELECTRONIC PROPELLER BLADE ANGLE POSI-
TION FEEDBACK).
[0037] Sensor 40 may be an inductive (e.g., proximity)
sensor suitable for non-contact detection of the passage
of detectable features 44 as feedback rotor 38 rotates
about rotation axis R. Sensor 40 may be mounted adja-
cent feedback rotor 38 and secured to some stationary
structure of engine 10 via bracket 48 for example or other
suitable means. Sensor 40 may be mounted adjacent to
rotating feedback rotor 38. In some embodiments, sensor
40 may be configured as a variable reluctance sensor
(commonly called a VR sensor) suitable for detecting the
proximity of (e.g., ferrous) features. Accordingly, detect-
able features 44 may be configured to intersect the mag-
netic field and cause a detectable variation in (e.g., dis-
rupt) the magnetic field that is generated by sensor 40.
For example, detectable features 44 may be of any suit-
able type which would cause the passage of such de-
tectable feature 44 near sensor 40 to provide a change

in magnetic permeability within the magnetic field gen-
erated by sensor 40 and which could result in a detectable
variation in the magnetic field. In various embodiments,
detectable features 44 may comprise ferrous or other
metallic material(s). Detectable features 44 may be of
any type suitable to cause a variation in the magnetic
field due to a change in presence of feature(s) 44 in the
magnetic field.
[0038] Detection unit 42 may be operatively connected
to sensor 40 for receiving one or more sensor signals 50
and configured to generate one or more feedback signals
52 indicative of the angular position of adjustable blades
32. In various embodiments, detection unit 42 may form
part of a Full Authority Digital Engine Control (FADEC)
which may, for example, comprise one or more digital
computer(s) or other data processors, sometimes re-
ferred to as electronic engine controller(s) (EEC) and re-
lated accessories that control at least some aspects of
performance of engine 10. Accordingly, detection unit 42
may comprise one or more computing devices including,
but not limited to, a digital computer, a processor (e.g. a
microprocessor), and a memory. In some embodiments,
sensor signal(s) 50 may also be used to provide feedback
on the rotational speed of bladed rotor 12. Accordingly,
detection unit 42 may, in some embodiments be config-
ured to generate feedback signal(s) 52 indicative of the
rotational speed of bladed rotor 12. In some embodi-
ments, feedback system 36 may be referred to as an
"Np/beta" feedback system where Np represents the ro-
tational speed of bladed rotor 12 and beta represents the
angular position of adjustable blades 32. In some em-
bodiments, detection unit 42 may perform other tasks
associated with functions such as synchronization and/or
synchrophasing of propellers for example.
[0039] FIG. 3A is a schematic top view of sensor 40 in
relation to detectable features 44 about to be detected
by sensor 40 as feedback rotor 38 rotates about rotation
axis R (see FIG. 2). FIG. 3B is a schematic side view of
sensor 40 in relation to detectable features 44 about to
be detected by sensor 40 as feedback rotor 38 rotates
about rotation axis R. FIGS. 3A and 3B each show a
portion of annular member 46 that has been flattened for
clarity of illustration. Detectable features 44 may have
the form of elongated teeth or walls that protrude radially
outwardly from a radially outer surface of annular mem-
ber 46. The number of detectable features 44 circumfer-
entially distributed around feedback rotor 38 may be used
in conjunction with a digital counting function of detection
unit 42 for the purpose of determining the rotation speed
of bladed rotor 12 for example as the passage of detect-
able features 44 is detected by sensor 40 and detection
unit 42 as feedback rotor 38 rotates relative to sensor 40.
[0040] In some embodiments, some of detectable fea-
tures 44 may be elongated and substantially aligned with
(i.e., parallel to) rotation axis R. One or more other elon-
gated detectable features 44 may be oriented to be non-
parallel (e.g., oblique) to rotation axis R. The different
orientation between adjacent elongated detectable fea-
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tures 44 may provide different detection times between
the adjacent detectable features 44 at different axial po-
sitions of feedback rotor 38 relative to sensor 40 and such
different detection timing may be used to correlate the
axial position of feedback rotor 38 to the angular position
of adjustable blades 32. Approaches for extracting mean-
ingful information from the passing of detectable features
44 are disclosed in US Patent Publication No.
2015/0139798 A1.
[0041] Detectable features 44 may comprise axial edg-
es or terminations 44A where elongated detectable fea-
tures 44 terminate in the axial direction relative to rotation
axis R (see FIG. 2). In some situations, it may be desirable
to permit sensor 40 to be positioned near or at edges
44A and still be able to accurately detect the passing of
detectable features 44 despite any edge-related effects
that may influence sensor 40. This may allow to more
fully use of the axial dimension of feedback rotor 38 and
promote efficient packaging of feedback rotor 38 by not
requiring extra axial length of feedback rotor 38 for the
purpose of avoiding such edge-related effects. In some
situations, the amount of axial travel of feedback rotor 38
may be dependent on the specific type of bladed rotor
12 and installation constraints. Sensor 40 as described
herein may be configured to permit accurate detection
of detectable features 44 by mitigating edge-related ef-
fects.
[0042] FIGS. 4A and 4B are a partial front view and a
bottom view of an exemplary sensor 40 of feedback sys-
tem 36. Sensor 40 may comprise housing 54 and mag-
netic shield 56. Housing 54 may have a generally cylin-
drical shape with a sensor axis SA. In some embodi-
ments, sensor axis SA may be a radial line relative to
axis of rotation R shown in FIG. 2. In some embodiments,
housing 54 may have a circular outer cross-sectional pro-
file. In some embodiments, magnetic shield 56 may be
disposed externally to housing 54. For example, mag-
netic shield 56 may be mounted by suitable means to the
exterior of housing 54. Magnetic shield 56 may be made
from one or more materials of relatively high magnetic
permeability to readily support the formation of a mag-
netic field within itself. Accordingly, magnetic shield 56
may provide one or more low-reluctance return paths for
magnetic flux as explained below. In some embodiments,
magnetic shield 56 may be made from mu-metal or any
suitable material(s) exhibiting a relatively high relative
magnetic permeability. In some embodiments, the ma-
terial(s) of magnetic shield 56 may have a relative mag-
netic permeability value that is between 20,000 and
100,000 for example. In some embodiments, the mate-
rial(s) of magnetic shield 56 may have a relative magnetic
permeability value that is between 80,000 and 100,000
for example. In some embodiments, magnetic shield 56
may comprise bottom wall 56A and one or more side
walls 56B cooperatively defining a receptacle (e.g., can)
within which part of housing 54 and/or other internal com-
ponents of sensor 40 may be received. In some embod-
iments, bottom wall 56A may comprise aperture 58 ex-

tending through bottom wall 56A.
[0043] FIG. 5 is a perspective view of magnetic shield
56 having a receptacle configuration, showing aperture
58 extending through bottom wall 56A of magnetic shield
56. In some embodiments, magnetic shield 56 may have
a single-piece unitary construction wherein bottom wall
56A and side wall(s) 56B are integrally formed. However,
it is understood that in some embodiments, bottom wall
56A and side wall(s) 56B may comprise separate com-
ponents (e.g., washer and sleeve) that are subsequently
assembled together to permit magnetic coupling there-
between. The configuration of magnetic shield 56 shown
in FIG. 5 may be suitable for fitting over the exterior of
housing 54 of sensor 40.
[0044] FIGS. 6A and 6B are cross-sectional views of
two exemplary embodiments of sensor 40 taken along
line 6-6 in FIG. 4B. In some embodiments, sensor 40
may have a single-channel configuration and accordingly
may have a single coil 60A disposed inside of housing
54 and configured to generate one or more sensor signals
50 (see FIG. 2) in response to variations in the magnetic
field caused by the movement of detectable features 44
by sensor 40. However, in some embodiments, sensor
40 may have a multi-channel configuration wherein sen-
sor signals 50 are acquired in a redundant manner. For
example, FIGS. 6A and 6B show different exemplary con-
figurations of coils 60A and 60B for a two-channel con-
figuration of sensor 40 where two coils 60A and 60B that
are electrically-isolated from each other may provide re-
dundant sensor signals 50 in response to variations in
the magnetic field. For example, coil 60A may be config-
ured to generate one or more first sensor signals 50 (e.g.,
voltages) on a first channel in response to the variations
in the magnetic field, and coil 60B may be configured to
generate one or more second sensor signals 50 (e.g.,
voltages) on a second channel in response to the varia-
tions in the magnetic field.
[0045] Sensor 40 may also comprise magnet 62 dis-
posed inside housing 54 and generating a magnetic field
for intersecting feedback rotor 38. In some embodiments,
magnet 62 may be a permanent magnet. Magnet 62 may
be stationary and mounted adjacent the rotating feed-
back rotor 38. In some embodiments, sensor 40 may
comprise pole piece 64 configured to direct the magnetic
field generated by magnet 62 toward feedback rotor 38
at a location expected to be occupied by one or more
features 44. Pole piece 64 may be coupled to one pole
of magnet 62 and be configured to direct the magnetic
field radially inwardly (or outwardly) generally along sen-
sor axis SA and toward feedback rotor 38 so that the
magnetic flux exiting the distal end of pole piece 64 may
intersect detectable features 44 as features 44 move past
sensor 40. Pole piece 64 may be a structure comprising
material of relatively high magnetic permeability that
serves to direct the magnetic field generated by magnet
62 toward features 44. Pole piece 64 may be coupled to
a pole of magnet 62 and in a sense extend the pole of
magnet 62 toward feedback rotor 38. Pole piece 64 may
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be disposed between magnet 62 and feedback rotor 38.
[0046] In reference to FIG. 6A, coils 60A and 60B may
be wound around pole piece 64 where coil 60A may be
a radially-inner coil and coil 60B may be a radially-outer
coil that surrounds coil 60B. In other words coils 60A and
60B may be concentric coils nested one inside the other
and may accordingly have different diameters. In some
embodiments, coils 60A and 60B may be of substantially
the same height along sensor axis SA. Coils 60A, 60B
may be stationary relative to magnet 62 and mounted in
the magnetic field of magnet 62.
[0047] In reference to FIG. 6B, coils 60A and 60B may
be wound around pole piece 64 but may be disposed at
different elevations (i.e., stacked) along sensor axis SA.
In some embodiments, coils 60A and 60B may be sub-
stantially identical (e.g., of substantially the same diam-
eter and height along sensor axis SA). Alternatively, coils
60A and 60B may have different configurations from each
other. Magnetic shield 56 may be stationary relative to
magnet 62 and mounted in the magnetic field of magnet
62.
[0048] In some embodiments, magnetic shield 56 may
have a receptacle configuration within which coils 60A
and 60B are partially or entirely received to that coils 60A
and 60B may be shielded by magnetic shield 56. Bottom
wall 56A of magnetic shield 56 may be disposed between
coils 60A, 60B and feedback rotor 38. In some embodi-
ments, magnetic shield 56 may be symmetric across sen-
sor axis SA to define two or more (e.g., symmetric) return
paths for magnetic flux as explained below. In some em-
bodiments, magnetic shield 56 may be axisymmetric
about sensor axis 40.
[0049] In some embodiments, part of or the entirety of
pole piece 64 may be received inside the receptacle de-
fined by the configuration of magnetic shield 56. Aperture
58 in bottom wall 56A of magnetic shield 56 may permit
some of the magnetic field that is guided by pole piece
64 to pass through magnetic shield 56 via aperture 58.
In some embodiments, aperture 58 may be centrally lo-
cated within bottom wall 56A. In some embodiments,
sensor axis 40 may pass through aperture 58. In some
embodiments, a distal portion of pole piece 64 may ex-
tend into or through aperture 58. Aperture 58 may be
sized and positioned to provide an air gap between mag-
netic shield 56 and pole piece 64.
[0050] FIG. 7 is cross-sectional view of another exem-
plary sensor 40 of feedback system 36 of FIG. 2. The
configuration of sensor 40 shown in FIG. 7 may have
functional similarities with the configuration of sensor 40
shown in FIG. 6A. FIG. 7 however shows a configuration
where magnetic shield 56 is disposed inside of housing
54 of sensor 40. For example, magnetic shield 56 may
be mounted by suitable means to the interior of housing
54. In various embodiments, part(s) of permeable mag-
netic shield 56 may be disposed inside or outside of hous-
ing 54 to provide one or more desired magnetic return
paths.
[0051] FIGS. 8A and 8B are respective schematic front

and bottom views of another exemplary embodiment of
sensor 40 of feedback system 36. FIG. 8C is a cross-
sectional view of sensor 40 of FIGS. 8A and 8B taken
along line 8-8 in FIG. 8B. It is understood that magnetic
shield 56 may have different configurations to achieve
different types and amounts of magnetic flux guiding in
different applications. The specific geometry of magnetic
shield 56 may vary based on the specific configurations
of sensor 40 and of feedback rotor 38 for example. In this
embodiment, magnetic shield 56 may comprise only bot-
tom wall 56A, which may be adequate in some applica-
tions. In this embodiments, magnetic shield 56 may have
a "washer" configuration with aperture 58 formed there-
through. Magnetic shield 56, 56A may be disposed out-
side or inside of housing 54.
[0052] FIGS. 9A and 9B are respective schematic front
and bottom views of another exemplary embodiment of
sensor 40 of feedback system 36. FIG. 9C is a cross-
sectional view of sensor 40 of FIGS. 9A and 9B taken
along line 9-9 in FIG. 9B. In this embodiment, magnetic
shield 56 may comprise only side wall(s) 56B, which may
be adequate in some applications. In this embodiments,
magnetic shield 56 may have an open-ended "sleeve"
configuration. Magnetic shield 56, 56B may be disposed
outside or inside of housing 54.
[0053] FIGS. 10A and 10B are respective schematic
front and bottom views of another exemplary embodi-
ment of sensor 40 of feedback system 36. In various em-
bodiments, magnetic shield 56 may not necessarily have
an axisymmetric configuration. For example, magnetic
shield 56 or portions 56C, 56D thereof may be disposed
at locations where providing one or more magnetic return
paths is more desirable based on the specific configura-
tion of feedback system 36. In this particular configura-
tion, the passage of feature 44 by sensor 40 may produce
a disturbance or variation having some directionality in
the magnetic field generated by magnet 62. Accordingly,
in some embodiments, it may be adequate to provide
magnetic return paths at the locations of portions 56C
and 56D as illustrated. In various embodiments, portions
56C and 56D may define only part of the receptacle de-
fined by magnetic shield 56 illustrated in FIG. 5. In various
embodiments, each portion 56C, 56D may comprise a
bottom wall portion and/or a side wall portion. Portions
56C, 56D may be disposed outside or inside of housing
54. In some embodiments, portions 56C, 56D may define
separate magnetic return paths at different desired loca-
tions.
[0054] FIGS. 11A and 11B are cross-sectional views
of sensor 40 of FIG. 6A without magnetic shield 56 and
with magnetic shield 56 respectively to show the effect
of magnetic shield 56 on leakage magnetic flux 66 within
the magnetic field generated by magnet 62. In some em-
bodiments of sensor 40, the magnetic field generated by
magnet 62 may not entirely and completely be directed
to feedback rotor 38 via the distal end of pole piece 64.
For example, there may be some leakage magnetic flux
represented by magnetic flux lines 66 which leaks from
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pole piece 64 or from magnet 62. Such leakage magnetic
flux 66 may be partly due to the change in diameter of
pole piece 64 as it extends along sensor axis SA. It is
understood that in the configuration of sensor 40 shown,
leakage magnetic flux 66 could be present substantially
around sensor axis SA in a substantially axisymmetric
manner even though FIGS. 11A and 11 B show fewer
flux lines for clarity.
[0055] FIG. 11B shows the effect of magnetic shield
56 on such leakage magnetic flux 66. Bottom wall 56A
and side wall(s) 56B of magnetic shield 56 may provide
one or more low-reluctance magnetic return paths for
efficiently guiding leakage magnetic flux 66 toward the
opposite pole of magnet 62. Accordingly, magnetic shield
56 may provide controlled and predictable magnetic re-
turn path(s) for such leakage magnetic flux 66 so that the
effects of such leakage magnetic flux 66 on coils 60A
and 60B may be reduced. In other words, magnetic shield
56 may shunt most of leakage magnetic flux 66 back
toward the opposite magnetic pole of magnet 62 thereby
isolating such leakage magnetic flux 66 from external
influences (e.g., detectable features 44). In other words,
magnetic shield 56 may more efficiently close the mag-
netic circuit between the two opposite (i.e., North and
South) poles of magnet 62 for leakage magnetic flux 66.
Depending on its configuration, magnetic shield 56 may
provide two or more highly-permeable magnetic return
paths that may be symmetric across sensor axis SA or
a plurality of highly-permeable magnetic return paths that
may be angularly distributed about sensor axis SA in an
axisymmetric manner.
[0056] FIGS. 12A and 12B are cross-sectional views
of sensor 40 of FIG. 6A without magnetic shield 56 and
with magnetic shield 56 respectively to show the effect
of magnetic shield 56 on the magnetic field generated by
magnet 62 near edge 44A of detectable feature 44. When
sensor 40 is positioned away from edge 44A so that the
magnetic field is not influenced by edge 44A, the return
path for the magnetic flux has substantially symmetrical
permeability across sensor axis 44 provided by sufficient
amounts of material (e.g., metal) from detectable feature
44 being located on each side of sensor 40 so an un-
shielded sensor as shown in FIG. 12A may be suitable.
However, as edge 44A of detectable feature 44 ap-
proaches sensor 40, the different amounts of material
from detectable feature 44 on either sides of sensor 40
can result in asymmetric permeability and skew the mag-
netic field of the unshielded sensor. The skewing of the
magnetic field exhibited with the unshielded sensor is
schematically illustrated in FIG. 12A by line M being offset
from sensor axis SA and by the asymmetry of magnetic
flux 66 and 68. Such edge-related effect exhibited in the
magnetic field as edge 44A is approached by sensor 40
may cause some error with sensor signals 50 produced
by coils 60A and 60B. Such errors can include some er-
ror(s) in the determined axial position of feedback rotor
38 and/or some discrepancies between supposedly re-
dundant sensor signals 50 obtained from separate coils

60A and 60B of different channels. In some situations,
this error can increase exponentially as edge 44A ap-
proaches the unshielded sensor and can therefore limit
the amount of useable axial movement available for a
given length of detectable features 44. For example, ad-
ditional length of detectable features 44 may be required
beyond each end of the axial travel of feedback rotor 38
relative to the unshielded sensor in order to avoid poten-
tial errors from such edge effects.
[0057] Leakage magnetic flux 66 passing across coils
60A and 60B in the unshielded sensor of FIG. 12A may
be influenced by an external magnetic event such as the
change in presence or movement (e.g., passage) of de-
tectable feature 44 in the magnetic field. Since the two
coils 60A and 60B can be of different sizes and/or posi-
tions, each coil 60A and 60B may see a different amount
of varying magnetic flux due to the asymmetry in the mag-
netic field and this may cause a discrepancy (e.g., chan-
nel A-B split) between sensor signals 50 obtained from
separate coils 60A and 60B of different channels.
[0058] The addition of magnetic shield 56 to sensor 40
as shown in FIG. 12B provides highly-permeable mag-
netic return path(s) that may be symmetric across sensor
axis SA and which can reduce the edge-related effect
otherwise exhibited using the unshielded sensor and
consequently reduce the likelihood of errors. As shown
in FIG. 12B, the use of magnetic shield 56 may, in some
embodiments, result in a more symmetric magnetic field
even near edge 44A of detectable feature 44. This may
result in an increase in available amount of useable axial
displacement of feedback rotor 38 for a given axial length
of detectable feature 44. Consequently, this may result
in more efficient packaging of feedback system 36.
[0059] In some embodiments, the use of magnetic
shield 56 may, by shunting some leakage magnetic flux
66 which does not intersect with detectable features 44,
cause coils 60A, 60B to mostly only see varying magnetic
flux 68 that has been directed by pole piece 64 to feed-
back rotor 38 and that has been influenced by the passing
of detectable feature 44. Accordingly, this may reduce
the likelihood of discrepancy (e.g., channel A-B split) be-
tween sensor signals 50 obtained from separate redun-
dant coils 60A and 60B of different channels. Magnetic
shield 56 may guide some leakage magnetic flux 66 that
does not intersect detectable features 44 along one or
more magnetic return paths of relatively low reluctance.
Accordingly, the use of magnetic shield 56 may promote
a more symmetric magnetic field as shown by line M be-
ing aligned with sensor axis SA in FIG. 12B.
[0060] FIG. 13 is a flowchart of a method 1000 for pro-
viding angular (pitch) position feedback for pitch-adjust-
able blades 32 of aircraft bladed rotor 12. In some em-
bodiments, method 1000 may be carried out using sensor
40 as disclosed herein but the execution of method 40
is not limited to the specific systems 36 and sensors 40
disclosed herein. In some embodiments, method 1000
may comprise:
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directing a magnetic field from a first pole of magnet
62 toward a location that moving features 44 indic-
ative of a pitch (e.g., angular position, beta angle) of
the pitch-adjustable blades 32 are expected to oc-
cupy as moving features 44 move relative to magnet
62 (see block 1002), the magnetic field including first
magnetic flux 68 intersecting the location that moving
features 44 are expected to occupy and second mag-
netic flux 66 not intersecting the location that moving
features 44 are expected to occupy;
guiding second magnetic flux 66 toward an opposite
second pole of magnet 62 along one or more mag-
netic return paths (see block 1004);
detecting a variation in the magnetic field caused by
movement (e.g., passing) of one or more of the mov-
ing features 44 in the magnetic field (see block 1006);
and
generating signal 52 indicative of the pitch of the
pitch-adjustable blades based on the detection of
the variation in the magnetic field (see block 1008).

[0061] Method 1000 may comprise using pole piece
64 to direct the magnetic field from a first pole of magnet
62 generating the magnetic field toward a location that
features 44 are expected to occupy. Second magnetic
flux 66 may comprise magnetic flux leaking from pole
piece 64. The one or more magnetic return paths may
guide second magnetic flux 66 toward an opposite sec-
ond pole of magnet 62.
[0062] The one or more magnetic return paths may
comprise two or more (e.g., symmetric) magnetic return
paths.
[0063] Method 1000 may comprise detecting the one
or more variations in the magnetic field in a redundant
manner (e.g., using separate and electrically isolated
coils 60A and 60B).
[0064] Method 1000 may comprise directing the first
magnetic flux through aperture 58 in wall 56A of magnetic
shield 56 that is disposed between magnet 62 and mov-
ing features 44.
[0065] Method 1000 may comprise directing the first
magnetic flux through aperture 58 in wall 56A of magnetic
shield 56 defining the one or more magnetic return paths.
[0066] The above description is meant to be exemplary
only, and one skilled in the relevant arts will recognize
that changes may be made to the embodiments de-
scribed without departing from the scope of the invention
disclosed. The present disclosure may be embodied in
other specific forms without departing from the subject
matter of the claims. The present disclosure is intended
to cover and embrace all suitable changes in technology.
Modifications which fall within the scope of the present
invention will be apparent to those skilled in the art, in
light of a review of this disclosure, and such modifications
are intended to fall within the appended claims. Also, the
scope of the claims should not be limited by the preferred
embodiments set forth in the examples, but should be
given the broadest interpretation consistent with the de-

scription as a whole.

Claims

1. An engine (10) having a feedback system (36) for
pitch-adjustable blades (32) of an aircraft bladed ro-
tor (12), the system (36) comprising:

a feedback rotor (38) configured to rotate with
the aircraft bladed rotor (12) about a rotation axis
(R), the feedback rotor (38) being axially dis-
placeable along the rotation axis (R) to a plurality
of axial positions, the axial position of the feed-
back rotor (38) corresponding to a respective
pitch position of the pitch-adjustable blades (32),
the feedback rotor (38) comprising features (44)
spaced circumferentially around the feedback
rotor (38);
a stationary magnet (62) mounted in the engine
(10) adjacent the rotating feedback rotor (38),
the magnet (62) having a magnetic field;
a pole piece (64) coupled to a first pole of the
magnet (62) and configured to direct the mag-
netic field toward the features (44);
a coil (60A) mounted in the magnetic field and
being stationary relative to the magnet (62), the
coil (60A) configured to generate a sensor signal
(50) indicative of a variation in the magnetic field
caused by movement of one or more of the fea-
tures (44) in the magnetic field as the feedback
rotor (38) rotates relative to the magnet (62);
a magnetic shield (56) mounted in the magnetic
field and being stationary relative to the magnet
(62), the magnetic shield (56) defining a mag-
netic return path for some magnetic flux of the
magnetic field exiting the pole piece (64) toward
an opposite second pole of the magnet (62); and
a detection unit (42) operatively connected to
the coil (60A) and configured to generate a feed-
back signal (52) indicative of the respective pitch
position of the pitch-adjustable blades (32) in
response to the sensor signal (50) received from
the coil (60A).

2. The engine (10) as defined in claim 1, wherein the
pole piece (64) is disposed between the magnet (62)
and the feedback rotor (38).

3. The engine (10) as defined in claim 1 or 2, wherein
the magnetic shield (56) comprises an aperture (58)
for permitting passage of the magnetic field through
the magnetic shield (56) via the aperture (58).

4. The engine (10) as defined in claim 3, wherein the
pole piece (64) extends into the aperture (58) in the
magnetic shield (56).
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5. The engine (10) as defined in any preceding claim,
wherein the coil (60A) is a first coil (60A) and the
sensor signal (50) is a first sensor signal (50) indic-
ative of the variation in the magnetic field on a first
channel and the system comprises a second coil
(60B) configured to generate a second sensor signal
(50) indicative of the variation in the magnetic field
on a second channel.

6. A sensor (40) for detecting a moving feature(44), the
sensor (40) comprising:

a magnet (62) having a magnetic field;
a pole piece (64) coupled to a first pole of the
magnet (62) and directing the magnetic field to-
ward the feature (44);
a coil (60A) mounted in the magnetic field, the
coil (60A) configured to generate a sensor signal
(50) indicative of a variation in the magnetic field
caused by movement of the feature (44) in the
magnetic field; and
a magnetic shield (56) mounted in the magnetic
field, the magnetic shield (56) defining a mag-
netic return path for some magnetic flux of the
magnetic field exiting the pole piece (64) toward
an opposite second pole of the magnet (62).

7. The sensor (40) as defined in claim 6, wherein the
magnetic shield (56) comprises a wall (56A) with an
aperture (58) for permitting passage of the magnetic
field through the magnetic shield (56) via the aper-
ture (58).

8. The sensor (40) as defined in claim 7, wherein the
pole piece (64) extends into the aperture (58) in the
wall (56A) of the magnetic shield (56).

9. The sensor (40) as defined in any of claims 6 to 8,
wherein the coil (60A) is a first coil (60A) and the
sensor signal (50) is a first sensor signal (50) indic-
ative of the variation in the magnetic field on a first
channel, and the sensor (40) comprises a second
coil (60B) configured to generate a second sensor
signal (50) indicative of the variation in the magnetic
field on a second channel redundant to the first chan-
nel.

10. The engine (10) or sensor (40) as defined in any
preceding claim, wherein at least part of the mag-
netic shield (56) is disposed inside a sensor housing
(54) containing the magnet (62), the coil (60A) and
the pole piece (64).

11. The engine (10) or sensor (40) as defined in any of
claims 1 to 9, wherein at least part of the magnetic
shield (56) is disposed outside a sensor housing (54)
containing the magnet (62), the coil (60A) and the
pole piece (64).

12. The engine (10) or sensor (40) as defined in any
preceding claim, wherein the magnetic shield (56)
comprises a bottom wall (56A) and one or more side
walls (56B) cooperatively defining a receptacle with-
in which part of the coil (60A) and part of the pole
piece (64) are received, the bottom wall (56A) includ-
ing an or the aperture (58) for permitting passage of
the magnetic field through the bottom wall (56A).

13. A method (1000) for providing pitch position feed-
back for pitch-adjustable blades (32) of an aircraft
bladed rotor (12), the method (1000) comprising:

directing a magnetic field from a first pole of a
magnet (62) toward a location that moving fea-
tures (44) indicative of a pitch of the pitch-ad-
justable blades (32) are expected to occupy as
the moving features (44) move relative to the
magnet (62), the magnetic field including first
magnetic flux intersecting the location that the
moving features (44) are expected to occupy
and second magnetic flux not intersecting the
location that the moving features (44) are ex-
pected to occupy;
guiding the second magnetic flux toward an op-
posite second pole of the magnet (62) along one
or more magnetic return paths;
detecting a variation in the magnetic field caused
by movement of one or more of the moving fea-
tures (44) in the magnetic field; and
generating a signal (52) indicative of the pitch
of the pitch-adjustable blades (32) based on the
detection of the variation in the magnetic field.

14. The method (1000) as defined in claim 13, compris-
ing directing the first magnetic flux through an aper-
ture (58) in a wall (56A) of a magnetic shield (36)
defining the one or more magnetic return paths.

15. The method (1000) as defined in claim 13 or 14, com-
prising detecting the variation in the magnetic field
in a redundant manner.
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