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ABSTRACT

A system and method for blade angle position feedback. The system comprises an
annular member operatively connected to rotate with a propeller, a sensor fixedly
mounted adjacent the annular member and configured for detecting a passage of
each singularity as the annular member is rotated and axially displaced and for
generating a sensor signal accordingly, the annular member and sensor configured
for relative axial displacement between a first relative axial position and a second
relative axial position respectively corresponding to the first and the second mode of
operation, and a detection unit connected to the sensor for receiving the sensor
signal therefrom, determining on the basis of the sensor signal a time interval
elapsed between the passage of successive singularities, and computing from the

time interval blade angle position.

17
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SYSTEM AND METHOD FOR ELECTRONIC PROPELLER BLADE ANGLE
POSITION FEEDBACK

TECHNICAL FIELD

The application relates generally to propeller feedback systems for gas
turbine engines and, more particularly, to systems and methods for blade angle

position feedback.

BACKGROUND OF THE ART

On reversing propeller systems, it is desirable to accurately measure the
propeller blade (or beta) angle. In this manner, it becomes possible to ensure that
the blade angle is controlled according to the engine power set-point requested in
reverse operation. Accurate measure of the blade angle also ensures that the
propeller is not inadvertently commanded to transition into low or reverse beta

angles, which would cause a potentially serious failure condition for the aircraft.

Current turboprop propeller feedback systems typically use a mechanical
cam and cables to provide a variable hydraulic lockout mechanism to prevent the
propeller from transitioning into a low or reverse beta position. However, a drawback
of such systems is that they do not interface with modern electronic engine control

systems.

There is therefore a need for an improved propeller feedback system.

SUMMARY

In one aspect, there is provided a blade angle position feedback system
for an aircraft propeller, the propeller rotatable about an axis and comprising a
plurality of blades each rotatable through a plurality of blade angles, the propeller
having at least a first mode of operation where the plurality of blades are operated at
a positive blade angle and a second mode of operation where the plurality of blades
are operated at a negative blade angle. The system comprises an annular member
operatively connected to rotate with the propeller, the annular member comprising at
least two circumferentially-spaced first singularities extending substantially parallel
to the axis and at least one second singularity extending non-parallel to the first
singularities. The system also comprises at least one sensor fixedly mounted
adjacent the annular member, the at least one sensor configured for successively

detecting a passage of each one of the at least two first singularities and the at least
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one second singularity as the annular member is rotated and axially displaced and
for generating a sensor signal accordingly. The annular member and at least one
sensor are configured for relative axiat displacement between a first relative axial
position and a second relative axial position, the first position corresponding to the
first mode of operation and the second position corresponding to the second mode
of operation. The system also comprises a detection unit connected to the at least
one sensor for receiving the sensor signal therefrom, determining on the basis of the
sensor signal a time interval elapsed between the passage of successive ones of
the at least two first singularities and the at least one second singularity, and

computing from the time interval a blade angle position for the plurality of blades.

In another aspect, there is provided an aircraft propeller system
comprising a propeller having a plurality of blades each rotatable from a positive
blade angle to a negative blade angle, an annular member comprising
circumferentially-spaced first singularities each extending generally parallel and at
least a second singularity extending non-parallel to the first singularities, a sensor
adjacent the annular member and configured for detecting the singularities passing
the sensor, the annular member and sensor slidingly mounted with respect to one
another between first and second relative axial positions, one of the annular
member and sensor mounted for rotation with the propeller and the other fixedly
mounted to the engine, and a detection unit connected to the sensor and configured
for computing a blade angle position based on elapsed time between detected

singularities.

In a further aspect, there is provided a method for blade angle position
feedback for an aircraft propeller, the propeller rotatable about an axis and
comprising a plurality of blades each rotatable through a plurality of blade angles,
the propeller having at least a first mode of operation where the plurality of blades
are operated at a positive blade angle and a second mode of operation where the
plurality of blades are operated at a negative blade angle. The method comprises
receiving a sensor signal from at least one sensor fixedly mounted adjacent an
annular member operatively connected to rotate with the propeller. The annular
member comprises at least two circumferentially-spaced first singularities extending
substantially parallel to the axis and at least one second singularity extending non-
parallel to the first singularites. The at least one sensor is configured for
successively detecting a passage of each one of the at least two first singularities

and the at least one second singularity as the annular member is rotated and axially
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displaced and for generating a sensor signal accordingly. The annular member and
at least one sensor are configured for relative axial displacement between a first
relative axial position and a second relative axial position, the first position
corresponding to the first mode of operation and the second position corresponding
to the second mode of operation. The method further comprises determining on the
basis of the sensor signal a time interval elapsed between the passage of
successive ones of the at least two first singularities and the at least one second
singularity, and computing from the time interval a blade angle position for the

plurality of blades.

DESCRIPTION OF THE DRAWINGS
Reference is now made to the accompanying figures in which;
Fig. 1 is a schematic cross-sectional view of a gas turbine engine;

Fig. 2 is a schematic diagram of a system for electronic beta feedback

detection, in accordance with an illustrative embodiment;

Fig. 3 is a schematic diagram of the propeller of Fig. 1 showing the

feedback wheel of Fig. 2, in accordance with an illustrative embodiment;

Fig. 4 illustrates the arrangement of Fig. 2 taken along view A rotated by
ninety degrees, with the propeller in a start position, in accordance with an

illustrative embodiment;

Fig. 5 is a schematic diagram illustrating operation of a beta position

transducer, in accordance with an illustrative embodiment;

Fig. 6 illustrates the arrangement of Fig. 4 with the propeller in a fully

reverse position, in accordance with an illustrative embodiment; and

Fig. 7 is a flowchart of a method for electronic beta feedback detection, in

accordance with an illustrative embodiment.

DETAILED DESCRIPTION

Fig. 1 illustrates a gas turbine engine 10, of a type typically provided for
use in subsonic flight, comprising an inlet 12, through which ambient air is propelled,
a compressor section 14 for pressurizing the air, a combustor 16 in which the
compressed air is mixed with fuel and ignited for generating an annular stream of

hot combustion gases, and a turbine section 18 for extracting energy from the
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combustion gases. The turbine section 18 illustratively comprises a compressor
turbine 20, which drives the compressor assembly and accessories, and at least one
power or free turbine 22, which is independent from the compressor turbine 20 and
rotatingly drives a rotor shaft 24 about a propeller shaft axis A through a reduction
gearbox 26. Hot gases may then be evacuated through exhaust stubs 28. The gas
generator (not shown) of the engine 10 illustratively comprises the compressor
section 14, the combustor 16, and the turbine section 18. A rotor 30, in the form of a
propeller through which ambient air is propelled, is hosted in a propeller hub 32.
Rotor 30 may, for example, comprise a propeller of a fixed-wing aircraft or a main
(or tail) rotor of a rotary-wing aircraft such as a helicopter. The rotor 30 may
comprise a plurality of circumferentially-arranged blades (not shown) connected to a
hub (not shown) by any suitable means and extending radially therefrom. The
blades are also each rotatable about their own radial axes through a plurality of
blade angles, which can be changed to achieve modes of operation, such as

feather, full reverse, and forward thrust.

Referring to Fig. 2, an electronic beta feedback system 100 will now be
described. The system 100 provides for accurate detection and measurement of
propeller blade angle on propelier systems, such as the engine 10 of Fig. 1. The
system 100 may interface to existing mechanical interfaces of typical propeller
systems to provide a variable mark/space digital detection for electronic

determination of the propeller blade angle.

The system 100 illustratively comprises a plurality of singularities as in 102
provided on an annular member 104 (referred to herein as a propeller beta feedback
wheel) carried on the propeller 30. As can be seen in Fig. 3, the beta feedback
wheel 104 is supported for rotation with the propeller 30, which rotates about an axis
A. The beta feedback wheel 104 is also supported for axial sliding movement along
the axis A, e.g. by support members, such as a series of circumferentially spaced
beta feedback rods 106 that extend along the axis A. A compression spring 108
surrounds an end portion of each rod 106 such that a force exerted by the
compression springs 108 (e.g. in response to shifting of the propeller's blades 110 to
a reverse pitch position) causes axial movement of the rods 106, and accordingly of
the feedback wheel 104, along axis A in the direction of arrow B. Indeed, the
propeller 30 comprises a plurality of angularly arranged blades as in 110 each
rotatable about the axis A through a plurality of adjustable blade angles, the blade

angle being the angle between the chord line (i.e. a line drawn between the leading
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and trailing edges of the blade) of the propeller blade section and a plane
perpendicular to the axis of propeller rotation. The propeller 30 may be a reversing
propeller 30 having a plurality of modes of operation, such as feather, fuli reverse,
and forward thrust. In some modes of operations, such as feather, the blade angle is
positive. The propeller 30 may be operated in a reverse mode where the blade

angle is negative.

Referring back to Fig. 2, the feedback wheel 104 is illustratively used to
provide blade (or beta) angle position feedback. During rotation of the propeller
(reference 30 in Fig. 3), the plurality of singularities as in 102 rotate with the
feedback wheel 104 about the axis of rotation A and their passage is detected by at
least one sensor 112 provided in a fixed relationship relative to the rotating propeller
components. The sensor 112 may be any sensor (e.g. a speed transducer)
configured to continuously detect passage of the singularities as in 102 during
rotation of the propeller 30. In one embodiment, the sensor 112 is an electrically
robust and environmentally sealed non-contact sensor suited for harsh
environments and offering superior reliability. The sensor 112 may be any suitable
inductive sensor having a varying reluctance or a Hall effect. In one embodiment,
the sensor 112 is implemented as a transducer comprising a coil wound around a
permanent magnet (not shown). The singularities 1024, 1025, 102c may then be
made of a magnetically conductive material, e.g. a ferrous metal, to enable the

sensor 112 to detect the passage thereof.

The sensor 112 is illustratively mounted to a flange 114 of the propeller
housing (not shown) so as to be positioned adjacent the plurality of singularities as
in 102. In particular, the sensor 112 is iliustratively secured to the propeller 30 so as
to extend away from the flange 114 (and towards the singularities 102) along a
direction C substantially transverse to the axis of rotation A. In one embodiment, a
single sensor 112 is mounted in close proximity to the beta feedback wheel 104 and
the singularities 102. In another embodiment, in order to provide loss of probe
protection, two (2) sensors as in 112 may be mounted in a diametrically opposite
relationship relative to the singularities 102, which illustratively extend away from the
feedback wheel 104 and towards the sensor(s) 112. In yet another embodiment,
several singularities 102 may be spaced equiangularly about the perimeter of the

feedback wheel 104. Other embodiments may apply.
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A detection unit 116 is illustratively electrically connected to the sensor(s)
112 and configured to receive output signal(s) therefrom, the output signal(s)
generated upon the sensor(s) 112 detecting the passage of a given singularity as in
102 adjacent thereto, as will be discussed further below. The detection unit 116 is
illustratively part of the Engine Electronic Control (EEC, not shown) and is
configured to provide, on the basis of the signal(s) received from the sensor(s) 112,
a blade angle position feedback for the propeller (reference 30 in Fig. 3), as will be
discussed further below. For this purpose, the detection unit 116 may comprise one
or more computing devices including, but not limited to, a digital computer, a
processor (e.g. a microprocessor), and a memory. The detection unit 116 may
further determine from the received output signal(s) the rotational speed of the
propeller 30 as well as achieve synchrophasing and synchronization. Other
applications will be readily understood by a person skilled in the art.

As shown in Fig. 4, in one embodiment, the singuiarities 102 comprise a
plurality of spaced protrusions or teeth mounted (using any suitable attachment
means, such as screws, bolts, and the like) to an inner face 118 of the feedback
wheel 104. A first set of teeth, illustratively at least two first teeth as in 102, and
102¢, and at least one second tooth, which is referred to herein as a detection tooth
1025, are provided, with the detection tooth 102z being positioned between two
consecutive ones of the first teeth as in 102, and 102¢. In one embodiment, a total
of three (3) teeth 1024, 1025, 102, is provided about the perimeter of the feedback
wheel 104, as illustrated. It should however be understood that more than three (3)
teeth may be provided. In particular, more than one detection tooth as in 1025 may
be provided for propeller phase detection (e.g. to implement missing tooth detection,
as discussed further below) and to maintain operation of the system. The number of
teeth in turn drives the size of the digital counters provided in the detection unit (as

discussed further below).

Each first tooth as in 102, or 102¢ is illustratively positioned along a
direction D, which is substantially parallel to the axis A. The detection tooth 1025 is
positioned along a direction E angled to the direction D, such that the tooth 1025 is
offset relative to the teeth 102, and 102¢. A range of angles may be used to design
the detection tooth 1025. The angle between directions E and D may be selected
based on optimization of development test data and may include compound angles,
e.g. angles comprising a first component providing a radial component and a second

component providing a tangential component. lliustratively, the angle between
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directions E and D is between 0.1 and 89.9 degrees. In one preferred embodiment,
the angle is set to 45 degrees so as to maximize the signal change (as detected by
the sensor 112 in Fig. 2) for a given axial movement of the propeller (reference 30 in
Fig. 3) resulting from the offset of tooth 1025 relative to teeth 102, and 102¢. Other
embodiments may apply.

As illustrated in Fig. 2, each sensor 112 may be mounted to the flange 114
adjacent the inner face 118 of the feedback wheel 104, i.e. inside the feedback
wheel 104. In an alternate embodiment, the teeth 1024, 102g, 102¢ may be mounted
to (e.g. extend away from) an outer face 120 of the beta feedback wheel 104 and
each sensor 112 may accordingly be positioned adjacent the outer face 120, about
a perimeter of the feedback wheel 104. In yet another embodiment, the singularities
may comprise slots (not shown) rather than teeth, with the slots being formed or
otherwise machined in the feedback wheel 104 and made of a magnetically
conductive material, e.g. a ferrous metal. it should be understood that the number of
singularities as in 102,, 1025, 102 of the beta feedback wheel 104 may be adjusted
according to the desired application. For instance, the number of singularities as in
1024, 1025, 102 may be increased to provide low speed detection frequency for the
EEC.

Referring now to Fig. 5 in addition to Fig. 4, in operation, the feedback
wheel 104 rotates (e.g. in the direction of arrow F) during rotation of the propeller
(reference 30 in Fig. 3). The sensor 112 then detects the passage of each one of the
singularities 1024, 102z, 102¢ and accordingly generates an output voltage signal
(also referred to herein as a variable mark/space signal), illustrated by waveform
122 in Fig. 5. In particular, as the singularities 1024, 1025, 102¢ are displaced by
movement of the propelier 30, each one of the singularities (e.g. singularity 102,)
approaches the sensor 112. This changes the sensor’s reluctance and causes a
magnetic field to be generated and current to flow in the sensor’s coil. An increase in
the sensor’'s output voltage signal 122 (e.g. a single pulse causing a positive voltage
transition) is then produced. When the given singularity (e.g. singularity 102,) moves
away from the sensor 112, the pulse shape is inverted and the sensor’s output

voltage signal 122 is returned to zero.

The sensor's output voltage signal 122 is received at the detection unit
116, which continuously monitors the signal to detect the positive transition of the

voltage waveform. When such a positive transition is detected, the detection unit
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116 accordingly determines that the increase in voltage corresponds to detection by
the sensor 112 of passage of a singularity (e.g. singularity 102,). A digital counter
(not shown), such as a free-running 20 MHz counter, provided in the detection unit
116 starts counting the number of digital clock cycles until the next singularity (e.g.
singularity 102g) is detected by the sensor 112, i.e. until the next positive transition
in the output voltage 122. In particular, the counter determines the number of clock
cycles between detection of passage of the first teeth 102,, 102 and detection of
passage of the detection tooth 102 of the modified beta feedback wheel 104. The
interval of time between the passage of the first tooth 102, and the passage of the
detection tooth 102z is indicated as Tm while the interval of time between the
passage of the detection tooth 1025 and the passage of the first tooth 102¢ is
indicated as Ts. The detected time intervals Tm and Ts are then stored in the
memory for subsequent processing by the detection unit 116. As discussed above,
the number of teeth as in 1024, 102g, 102 limits the size and/or number of counters
within the detection unit 116. In some embodiments, the size and/or number of the
digital counters may be increased to provide low speed detection frequency for the
EEC, assuming a fixed digital timebase within the detection unit 116. It should be
understood that slowing the fixed digital timebase may also achieve low speed

detection frequency but penalizes system accuracy.

Referring now to Fig. 6 in addition to Fig. 4, the angled or offset
positioning of the detection tooth 102 results in the sensor 112 seeing different
portions of the detection tooth 1025 as the propeller mode of operation is modified
and the blade angle is varied. Indeed, in one embodiment, the propeller 30 is a
reversing (or reverse-pitch) propeller which may be operated in beta mode for
ground reversing or taxis operation. As a result, the propeller blades (reference 110
in Fig. 3) may be moved toward reverse pitch, as discussed above, and a negative
blade angle can be allowed to produce a reducing thrust in the aircraft. As the blade
angle decreases, the feedback wheel 104 then begins moving axially forward (in the
direction of arrow B in Fig. 3) at the low blade angle setting. Forward movement
continues until reaching reverse pitch stop. At blade angles higher than the low

blade angle setting, the feedback wheel 104 remains stationary.

During axial displacement of the feedback wheel 104, the sensor 112 is
successively exposed to different sections of the singularities 102, the different
sections being taken along the direction E. As illustrated in Fig. 4, the sensor 112 is

indeed in a first position 124a relative to the feedback wheel 104 prior to the
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propeller entering the reverse mode of operation (e.g. before the feedback wheel
104 begins axial movement). In this position 124a, the sensor 112 is adjacent a
lower edge 126, of the feedback wheel 104 is exposed to and can accordingly
detect the passage of the lower end portion 128, of the angled tooth 102;5. As the
propelier 30 enters the reverse mode of operation and the blade angle is decreased,
the feedback wheel 104 is gradually displaced along axis A in the direction of arrow
B. When the propeller is in the full reverse condition, the feedback wheel 104 has
been fully axially displaced and reaches the position illustrated in solid lines in Fig. 6
(with the original position of the feedback wheel 104 being shown in dashed lines).
As a result, the sensor 112 is in a second position 124b relative to the displaced
feedback wheel 104. In this position 124b, the sensor 112 is adjacent to an upper
edge 126, of the feedback wheel 104 such that the sensor 112 is exposed to and
can accordingly detect the passage of the upper end portion 128, of the angled
tooth 1025.

As can be seen from Fig. 4 and Fig. 6, due to the angled configuration of
the tooth 102, the lower end portion 128, is positioned forward (when taken in the
direction of rotation illustrated by arrow F) of the upper end portion 128,. As such,
when the feedback wheel 104 is in the initial position with the sensor 112 in position
124a relative to the feedback wheel 104, the sensor 112 detects the passing of the
tooth 1025 (e.g. the lower end 128, thereof) earlier (i.e. in less time) than when the
feedback wheel 104 is fully displaced with the sensor 112 in position 124b relative to
the feedback wheel 104 and the sensor 112 detects the passing of the tooth 1023
(e.g. the upper end 128, thereof). As a result, the time taken by the sensor 112 to
detect the passing of the tooth 102g varies as the feedback wheel 104 is displaced
axially in the direction of arrow B. Still, since the teeth 1024, 102¢ are not angled but
all extend along the direction E, as the feedback wheel 104 moves, the sensor 112
detects passing of each one of the teeth 1024, 102¢ at the same time, regardless of

whether the sensor is in position 124a or position 124b.

Therefore, as can be seen in Fig. 5, the timeframes Tm and Ts are varied
as the feedback wheel 104 moves axially along the propeller system and the
position of the sensor 112 relative to the feedback wheel 104 varies. In particular
and as discussed above, as the direction of rotation (arrow F in Fig. 4) increases,
the section or area of the tooth 102z observed by the sensor 112 is gradually
displaced along the direction E of Fig. 4 and more rearward (relative to direction of

arrow F) tooth sections are observed until the most rearward section, e.g. the upper
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end 128, is detected. Accordingly, the area of the tooth 102z observed by the
sensor 112 is gradually moved rearward (as illustrated by arrow G), i.e. from the
lower (and most forward) end 128, being detected at first to the upper (and most
rearward) end 128y being detected at last, and tooth sections in between being
successively detected by the sensor 112. Therefore, the time interval Tm is
increased and the time interval Ts decreased. This in turn alters the spacing
relationship between Tm (timeframe between detection by sensor 112 of teeth 102,
and 102g) and Ts (timeframe between detection by sensor 112 of teeth 1025 and
102¢).

The relationship between the beta (blade angle) position and the

measured values of Tm and Ts is then given by:
Beta position = (Ts - Tm)/ (Ts + Tm) M

The detection unit 116 can then apply equation (1) to compute the blade
angle position for the propeller (reference 30 in Fig. 3) and accordingly the axial
position of the propeller system. The detection unit 116 can further detect axial
movement of the feedback wheel 104 by detecting a change in the spatial
relationship between Ts and Tm. This could be done by comparing current values of
Ts and Tm to previous values stored in memory and detecting the change in spatial

relationship upon detecting a difference in the values.

In addition to beta position, the detection unit 116 can electronically
decode the sensor’s output voltage signal to provide the propeller’s rotational speed.
Indeed, the rotational speed can be computed on the basis of the sum of the
timeframe values (Tm + Ts) and the number of singularities 102, 1025, 102¢, using
known computation methods. Propeller synchrophasing and synchronization for
multi-engine (e.g. twin engine) aircrafts and other applications may further be
implemented by removing one or more of the singularities 102,, 1025, 102¢ from the
beta feedback wheel 104 to permit missing tooth pulse detection capability in the
engine control electronics. It should be understood that either one of the singularities
102, i.e. one of the first teeth as in 102,, 1025 or one angled teeth as in 102z, may
be removed from the feedback wheel 104 to perform missing tooth detection. In
particular, the angled tooth 102z may be removed such that a gap is created
between successive first teeth 102,. Detection of the missing tooth may then
provide a special timing position signal. When several engines are provided in the

aircraft, the timing position signal can then be used to keep the engines operating at

10
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the same revolutions per minute (RPM) and the propeller blades in phase with one
another. As a result of such synchrophasing and synchronizing, noise and vibration
can be reduced.

Fig. 7 illustrates a method 200 for electronic beta feedback. The method
200 comprises detecting the passage of a first non-offset singularity at step 202.
The next step 204 is then to count the clock cycles until the passage of an offset
singularity is detected. The clock cycles until detection of the passage of a second
non-offset singularity may then be counted at step 206. Detection may be performed
using a suitable sensor, such as a sensor as in 112 arranged on a beta feedback
wheel as discussed herein above with reference to Fig. 2, with the non-offset and
offset singularities arranged as discussed herein above with reference to Fig. 4. The
next step 208 may then be to compute the blade angle position on the basis of the
counted clock cycles, e.g. by applying equation (1) discussed herein above. As
discussed above, the rotation speed of the propeller may also be computed at step
210 using knowledge of the counted clock cycles and the number of singularities
and propeller synchrophasing and synchronization may also be performed at step

212 by applying missing tooth detection.

The above description is meant to be exemplary only, and one skilled in
the art will recognize that changes may be made to the embodiments described
without departing from the scope of the invention disclosed. For example, the
annular member may be stationary and the sensor may rotate. In another example,
the sensor and annular member may be operative in connection with another
suitable rotating component of the engine indicative of propeller rotation. Relative
axial movement between sensor)(s) and the annular member may be accomplished
in any suitable fashion. Still other 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.
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CLAIMS

1. A blade angle position feedback system for an aircraft propeller, the propeller
rotatable about an axis and comprising a plurality of blades each rotatable through a
plurality of blade angles, the propeller having at least a first mode of operation where
the plurality of blades are operated at a positive blade angle and a second mode of
operation where the plurality of blades are operated at a negative blade angle, the
system comprising:

an annular member operatively connected to rotate with the propeller, the
annular member comprising at least two circumferentially-spaced first singularities
extending substantially parallel to the axis and at least one second singularity extending
non-parallel to the first singularities;

at least one sensor fixedly mounted adjacent the annular member, the at least
one sensor configured for successively generating a sensor signal in response to
detecting a passage of each one of the at least two first singularities and the at least
one second singularity as the annular member is rotated and axially displaced and for
generating a sensor signal accordingly, the annular member and the at least one
sensor configured for relative axial displacement between a first relative axial position
corresponding to the first mode of operation and a second relative axial position
corresponding to the second mode of operation; and

a detection unit connected to the at least one sensor for receiving the sensor
signal therefrom, determining on the basis of the sensor signal a time interval elapsed
between the passage of successive ones of the at least two first singularities and the at
least one second singularity, computing from the time interval a blade angle position for
the plurality of blades, and, subsequent to removal from the annular member of a given
one of the singularities, detecting, on the basis of the sensor signal, removal of the
given one of the singularities and synchronizing the propeller of a first engine with the

propeller of at least one second engine on the basis of the sensor signal.

2. The system of claim 1, wherein the singularities are on an internal face of the

annular member and the at least one sensor is mounted adjacent the internal face.

12
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3. The system of claim 1, wherein the singularities are on an outer face of the

annular member and the at least one sensor is mounted adjacent the outer face.

4. The system of any one of claims 1 to 3, wherein each of the at least one second
singularity is positioned between two consecutive ones of the at least two first

singularities.

5. The system of any one of claims 1 to 4, wherein the detection unit is for
computing a first time interval Tm between the passage of a first one of the at least two
first singularities and the passage of a first one of the at least one second singularity,
computing a second time interval Ts between the passage of the first one of the at least
one second singularity and the passage of a second one of the at least two first
singularities, the first one of the at least one second singularity positioned between the
first one and the second one of the at least two first singularities, and computing the

blade angle position as: Blade angle position = (Ts - Tm)/ (Ts + Tm).

6. The system of claim 5, wherein the annular member is rotatable about the axis
and axially displaceable therealong for exposing different portions of the at least one
second singularity to the at least one sensor, the annular member, when in the first
position, exposing a forward portion of the at least one second singularity to the at least
one sensor, when in the second position, exposing a rearward portion of the at least
one second singularity to the at least one sensor, and, when transitioning between the
first and the second position, exposing successive portions of the at least one second

singularity provided between the forward and the rearward portion.

7. The system of claim 6, wherein, as the annular member is rotated and axially
displaced between the first and the second position, a time at which the at least one
sensor detects a given one of the portions of the at least one second singularity is
different from a time at which the at least one sensor detects a subsequent one of the
portions of the at least one second singularity, such that the first and the second time
intervals computed by the detection unit further to detection of a first passage of the at
least two first singularities and the at least one second singularity differ from the first

and the second time intervals computed by the detection unit further to detection of a
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subsequent passage of the at least two first singularities and the at least one second

singularity.

8. The system of any one of claims 5 to 7, further comprising a memory having
stored therein data indicative of a number of the at least two first singularities and the at
least one second singularity provided on the annular member, wherein the detection
unit is configured to retrieve the data from the memory, to compute a sum of the first
time interval and the second time interval, and to determine a rotation speed of the

propeller on the basis of the number of singularities and of the sum.

9. The system of any one of claims 1 to 8, wherein the at least two first
singularities and the at least one second singularity are selected from a group
consisting of a projecting tooth extending away from the annular member and a slot

formed in the annular member.

10. The system of any one of claims 1 to 9, wherein the at least one sensor

comprises a first sensor diametrically opposite to a second sensor.

11. An aircraft propeller system comprising:

a propeller having a plurality of blades each rotatable from a positive blade
angle to a negative blade angle;

an annular member comprising circumferentially-spaced first singularities each
extending generally parallel and at least one second singularity extending non-parallel
to the first singularities;

at least one sensor adjacent the annular member and configured for generating
a sensor signal in response to detecting the singularities passing the sensor, the
annular member and the at least one sensor slidingly mounted with respect to one
another between first and second relative axial positions, one of the annular member
and the at least one sensor mounted for rotation with the propeller and the other fixedly
mounted to the engine; and

a detection unit connected to the sensor and configured for computing a blade
angle position based on elapsed time between detected singularities, and, subsequent
to removal from the annular member of a given one of the singularities, for, on the basis

of the sensor signal, detecting removal of the given one of the singularities and
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synchronizing the propeller of a first engine with the propeller of at least one second

engine.

12. The system of claim 11, wherein the movement of the annular member is
exposing different portions of the singularities to the sensor, the first and second
singularities arranged to have different relative spacings therebetween at the sensor

location depending on axial position of the annular member.

13. The system of claim 11 or 12, wherein the singularities are selected from a

group consisting of a projecting tooth and a slot formed in the annular member.

14. The system of any one of claims 11 to 13, wherein the annular member is
operatively connected to rotate with the propeller, and further wherein the at least two

first singularities extend substantially parallel to the axis.

15. The system of any one of claims 11 to 14, wherein the singularities are on an
internal face of the annular member and the at least one sensor is mounted adjacent

the internal face.

16. The system of any one of claims 11 to 14, wherein the singularities are on an
outer face of the annular member and the at least one sensor is mounted adjacent the

outer face.

17. A method for blade angle position feedback for an aircraft propeller, the
propeller rotatable about an axis and comprising a plurality of blades each rotatable
through a plurality of blade angles, the propeller having at least a first mode of
operation where the plurality of blades are operated at a positive blade angle and a
second mode of operation where the plurality of blades are operated at a negative
blade angle, the method comprising:

receiving a sensor signal from at least one sensor fixedly mounted adjacent an
annular member operatively connected to rotate with the propeller, the annular member
comprising at least two circumferentially-spaced first singularities extending
substantially parallel to the axis and at least one second singularity extending non-
parallel to the first singularities, the at least one sensor configured for successively

detecting a passage of each one of the at least two first singularities and the at least
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one second singularity as the annular member is rotated and axially displaced and for
generating a sensor signal accordingly, the annular member and the at least one
sensor configured for relative axial displacement between a first relative axial position
and a second relative axial position, the first position corresponding to the first mode of
operation and the second position corresponding to the second mode of operation;

determining on the basis of the sensor signal a time interval elapsed between
the passage of successive ones of the at least two first singularities and the at least one
second singularity;

computing from the time interval a blade angle position for the plurality of

blades; and

subsequent to removal from the annular member of a given one of the
singularities, detecting, on the basis of the sensor signal, removal of the given one of
the singularities and synchronizing the propeller of a first engine with the propeller of at

least one second engine on the basis of the sensor signal.

18. The method of claim 17, wherein determining the time interval comprises
computing a first time interval Tm between the passage of a first one of the at least two
first singularities and the passage of a first one of the at least one second singularity
and computing a second time interval Ts between the passage of the first one of the at
least one second singularity and the passage of a second one of the at least two first
singularities, the first one of the at least one second singularity positioned between the
first one and the second one of the at least two first singularities, and further wherein

the blade angle position is computed as: Blade angle position = (Ts - Tm)/ (Ts + Tm).

19. The method of claim 18, wherein movement of the annular member causes a
time at which the at least one sensor detects a given one of the portions of the at least
one second singularity to differ from a time at which the at least one sensor detects a
subsequent one of the portions of the at least one second singularity, and further
wherein the first and the second time intervals computed further to detection of a first
passage of the at least two first singularities and the at least one second singularity

differ from the first and the second time intervals computed further to detection of a
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subsequent passage of the at least two first singularities and the at least one second

singularity.

20. The method of claim 18 or 19, further comprising retrieving from a memory data
5 indicative of a number of the singularities, computing a sum of the first time interval and
the second time interval, and determining a rotation speed of the propeller on the basis

of the number of singularities and of the sum.

21. The method of any one of claims 17 to 20, wherein the sensor signal is received
10  in response to the at least one sensor detecting passage of the singularities provided
on an internal face of the annular member, the at least one sensor mounted adjacent

the internal face.

22. The method of any one of claims 17 to 20, wherein the sensor signal is received
in response to the at least one sensor detecting passage of the singularities provided
15 on an outer face of the annular member, the at least one sensor mounted adjacent the

outer face.
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