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Description

[0001] The present invention relates to position sensing methods, to position sensors and to position sensing trans-
ducers that form part of the position sensors. The invention has particular, although not exclusive, relevance to the
electronic measurement of a physical angle, and is applicable to machines, robotics, front panel controls and instrumen-
tation, and other applications where such a measurement is required.
[0002] This patent application is in a similar field to the applicant’s earlier PCT application WO2008/139216.
WO2008/139216 describes a way to inductively measure the angle of a contactless target. The system is relatively
immune to lateral misalignments of the target relative to the sensor, while at the same time providing relatively large
signal levels due to the use of a resonator with a high Q-factor. However the embodiments shown in WO2008/139216
used a target placed across the axis of the sensor. This is acceptable for measuring the angle of a rotating shaft when
the target can be placed at the end of the shaft ("end shaft operation"). However if the shaft must pass through the
sensor and target ("through shaft") the system described in WO’216 is not appropriate.
[0003] This patent application describes a number of improvements to the earlier design described in the above PCT
application that allow for through shaft operation while retaining the benefits of immunity to lateral misalignment and
high signal levels.
[0004] According to one aspect, the present invention provides a transducer for a rotary position sensor comprising:
one or more coils): i) each arranged along a circular measurement path centred about a sensor axis; and ii) each
extending between an inner radius and an outer radius of the measurement path; and a target that is arranged to
magnetically couple with said one or more coils so that signals are generated that depend on the relative rotational
position of the target and the one or more coils; and characterised in that said target is asymmetric relative to the one
or more coils having first, second and third portions adjacent the one or more coils; the first, second and third portions
being circumferentially spaced apart from each other around the circular measurement path and being arranged relative
to a target axis that is intended to be aligned with the sensor axis: i) so that said first portion is positioned between said
inner and outer radii during the relative rotation of said target and said one or more coils; and ii) so that said second and
third portions are positioned adjacent said inner radius or said outer radius during the relative rotation of said target and
said one or more coils; and
said second and third portions of the target are arranged on either side of the target axis to compensate for misalignments
between the target axis and the sensor axis.
[0005] In one embodiment, the one or more coils are arranged relative to said sensor axis so that the signals that are
generated vary sinusoidally with said relative rotational position.
[0006] The target may comprise one or more of:

i) a plurality of windings arranged on either side of said target axis;
ii) a plurality of wound magnetic members arranged on either side of said target axis;
iii) a banana shaped coil; and
iv) air cored coils arranged on either side of said target axis.

In one embodiment, the target may comprise asymmetric windings that have an oval or an egg shape. In a preferred
embodiment, the target comprises a resonator and the transducer comprises one or more excitation coils for energising
the resonator and one or more sensor coils in which said signals are generated. The one or more coils arranged relative
to the sensor axis between an inner radius and an outer radius may form at least part of at least one of: said one or
more excitation coils and said one or more sensor coils. In the preferred embodiments, at least one of: i) the one or more
excitation coils; and ii) the one or more sensor coils; is patterned so that the magnetic coupling between the target and
the at least one of the one or more excitation coils and the one or more sensor coils varies sinusoidally with said relative
rotational position.
[0007] The coils may lie in a plane and the target may be arranged to rotate in a plane that is parallel to the planar coils.
[0008] In one embodiment, the target comprises first and second elongate field concentrating members having a
winding thereon, wherein the winding on each field concentrating member is offset from a central position of the corre-
sponding field concentrating member.
[0009] The present invention also provides a position sensor comprising a transducer as described above for generating
signals that vary with the relative position of the target and the first and second coils and processing circuitry that
processes the signals to determine the relative position.
The present invention also provides a method of determining rotary position comprising: providing one or more coils: i)
each arranged along a circular measurement path centred on a sensor axis; and ii) each extending between an inner
radius and an outer radius of the measurement path; providing a target that is asymmetric relative to the one or more
coils and having first, second and third portions adjacent the one or more coils; the first, second and third portions being
circumferentially spaced apart from each other around the circular measurement path and being arranged relative to a
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target axis that is intended to be aligned with the sensor axis: i) so that said first portion is positioned between said inner
and outer radii during the relative rotation of said target and said one or more coils; and ii) so that said second and third
portions are positioned adjacent said inner radius or said outer radius during the relative rotation of said target and said
one or more coils; causing said target to magnetically couple with said one or more coils to generate signals that depend
on the relative rotational position between the target and the sensor coils; processing the generated signals to determine
said relative rotational position; and compensating for misalignments between the target axis and the sensor axis by
arranging said second and third portions of the target on either side of the target axis.
[0010] These and other aspects of the invention will become apparent from the following detailed description of em-
bodiments described with reference to the accompanying drawings in which:

Figure 1a illustrates a first layer of copper tracks on a printed circuit board (PCB) that form part of sensor and
excitation coils;
Figure 1b illustrates a second layer of copper tracks on the PCB that form another part of the sensor and excitation
coils;
Figure 1c illustrates a third layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 1d illustrates a fourth layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 2 is a plan and side view of the sensor board illustrated in Figure 1 together with a target that is mounted for
rotation with a rotatable shaft that passes through a central hole of the sensor board shown in Figure 1;
Figure 3a is an electronic equivalent circuit illustrating the sensor coils and the coupling to a resonant circuit formed
by windings on the target shown in Figure 2;
Figure 3b is a block diagram illustrating the main components of processing electronics used to energise the resonant
circuit illustrated in Figure 3b and used to detect the position of the target from signals induced in the sensor coils;
Figure 4 is a plot illustrating the way in which the magnitude of the coupling to COS and SIN coils varies with radial
position;
Figure 5a illustrates the target for a given angular position when a sensor axis and a target axis are aligned;
Figure 5b illustrates coupling factors between the target and the sensor coils for the arrangement shown in Figure 5a;
Figure 5c is a plot illustrating the coupling of target ends B and D for the target position shown in Figure 5a;
Figure 5d illustrates the target for a given angular position when a sensor axis and a target axis are misaligned;
Figure 5e illustrates coupling factors between the target and the sensor coils for the arrangement shown in Figure 5d;
Figure 5f is a plot illustrating the coupling of target ends B and D for the target position shown in Figure 5d;
Figure 5g illustrates coupling vectors obtained for the target position shown in Figure 5a with and without a pitch
angle offset;
Figure 5h illustrates coupling vectors obtained for the target position shown in Figure 5a with and without a yaw
angle offset;
Figure 6a illustrates a first layer of copper tracks on a printed circuit board (PCB) that form part of sensor and
excitation coils;
Figure 6b illustrates a second layer of copper tracks on the PCB that form another part of the sensor and excitation
coils;
Figure 6c illustrates a third layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 6d illustrates a fourth layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 6e illustrates a fifth layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 6f illustrates a sixth layer of copper tracks on the PCB that form another part of the sensor and excitation coils;
Figure 6g illustrates connection pads that are made on the PCB for connecting the sensor and excitation coils to
excitation and processing circuitry;
Figure 7a schematically illustrates an alternative form of target arrangement that uses oval shaped windings;
Figure 7b illustrates the position of the two oval shaped target coils shown in Figure 7a;
Figure 8a is a plot of coupling vectors for the target shown in Figure 7 when there is no misalignment between the
sensor axis and the target axis;
Figure 8b is a plot of coupling vectors for the sensor illustrated in Figure 7 when there is a misalignment between
the sensor axis and the target axis;
Figure 8c is a plot illustrating the way in which the magnitude of the coupling factor between different portions of
the target winding varies with radial position;
Figure 9 illustrates an alternative target arrangement to that shown in Figure 7, comprising three oval shaped coils;
Figure 10 illustrates a further alternative in which a third winding is circular rather than oval;
Figure 11a illustrates a further alternative arrangement of target that uses egg shaped windings;
Figure 11b is a plot showing magnetic coupling vectors with and without misalignment between the sensor board
axis and the target axis;
Figure 12 schematically illustrates a further alternative arrangement of windings that may be used as part of the target;
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Figure 13 illustrates the form of a further arrangement of coils that may be used for the target;
Figure 14 illustrates a banana shaped target coil that may be used in a further alternative;
Figure 15 illustrates a hybrid target arrangement that has a coil and first and second ferrite rods;
Figure 16 schematically illustrates excitation and sensor coils and a further target arrangement that interact with the
coils to provide 360° angular position sensing;
Figure 17 illustrates an alternative arrangement to that shown in Figure 16, that uses multi-period sensor coils;
Figure 18 illustrates an alternative arrangement of sensor and excitation coils to that shown in Figure 16;
Figure 19 illustrates a further alternative form of target that uses air cored coils instead of windings wound around
a magnetic member;
Figure 20 illustrates a further alternative arrangement of target that uses asymmetrically positioned ferrite rods
without windings thereon;
Figure 21 illustrates a further alternative arrangement of target that uses first and second ferrite rods with offset axes;
Figure 22a is a plan view of a further alternative arrangement of sensor board and target arrangement for circum-
ferentially measuring the rotation of a rotatable shaft;
Figure 22b illustrates a cross-section of the alternative sensor arrangement shown in Figure 22a;
Figure 22c illustrates sensor and excitation coils used in the sensor shown in Figure 22a and 22b laid out flat;
Figure 23a and Figure 23b illustrate an alternative sensor arrangement to that illustrated in Figure 22, with wound
ferrite rods forming part of the target being replaced with shortened and asymmetrically positioned ferrite rods;
Figure 24 schematically illustrates a further arrangement of sensor coils and target configuration for a rotary position
sensor;
Figure 25 schematically illustrates separation angles between different portions of the target shown in Figure 24;
Figure 26 schematically illustrates the equivalence of the embodiment shown in Figures 24 and 25 to the embodiment
shown in Figure 7; and
Figure 27 illustrates a further rotary position sensor employing a target having three wound ferrite cores.

First Embodiment

[0011] The first embodiment uses a sensor 1 that is built using conventional PCB (Printed Circuit Board) technology,
and has four copper layer patterns that are illustrated in Figures 1a to 1d.
[0012] The sensor board 1 includes a hole 3 at its centre large enough to accommodate a rotatable shaft 5 through
the centre, as illustrated in Figure 2. A target 7 is mounted for rotation with this rotatable shaft 5. In this embodiment,
the target 7 comprises two ferrite rods 9a and 9b that each carries a winding 10a and 10b respectively. The windings
10 are connected in series such that the magnetic fields from the upper half of each ferrite rod (labelled A and C), are
in the same direction - which is opposite to the direction of the magnetic fields from the lower half of each ferrite rod
(labelled B and D). The windings 10 are connected together by a capacitor 11 (shown in Figure 3a) to form a resonant
target 7. The two ferrite rods 9 are fixed in position relative to each other, so that as the target 7 rotates with the shaft
5, the relative positions and orientations of the rods 9 with respect to each other remains fixed.
[0013] The tracks on the sensor PCB include thick tracks 21 that form an inner coil having a number of spirally wound
segments to form an excitation coil 23 (shown schematically in Figure 3a). Since the ferrite rods 9 and their windings
10 are offset from the centre of the sensor (upwards as drawn in Figure 2) the excitation coil 23 always couples into the
resonant target 7, in the same direction, as the target 7 rotates about the axis of the sensor (which passes through the
centre of the hole 3 perpendicular to the plane of the paper), and the magnitude of the coupling is largely independent
of any lateral misalignment between the sensor 1 and the rotatable shaft 5 and target 7 assembly.
[0014] Once powered to resonance by the excitation magnetic field, the resonant target 7 generates its own AC
magnetic field in response. This field passes along the ferrite rods 9, such that the field at the ends of the rods 9 furthest
from the shaft 5 (ends A and C) is approximately equal and opposite to the field at the ends closest to the shaft 5 (ends
B and D). This resonator field couples into sensor coils 25 formed by conductor tracks 27 located on the sensor PCB 1.
In this embodiment, the sensor coils 25 are patterned so that the coupling of this resonator field with the sensor coils
25 varies with the angular position of the target 7 relative to the sensor coils 25. In this embodiment, the copper tracks
27 on the sensor PCB 1 form two sensor coils 25-1 and 25-2. The first sensor coil 25-1 will be referred to as a COS
sensor coil 25 as the inductive coupling between the resonant target 7 and that sensor coil 25-1 varies with the cosine
of the angle to be measured; and the second sensor coil 25-2 will be referred to as a SIN sensor coil 25 as the inductive
coupling between the resonant target 7 and that sensor coil 25-2 varies with the sine of the angle to be measured. The
conductor track patterns are such that 360 degrees of rotation of the target 7 corresponds to one cycle of the SIN and
COS variation, and thus an unambiguous determination can be made of the angle of the target 7 relative to the sensor
1. Various different conductor track patterns can be used to provide this sine and cosine variation and the track patterns
illustrated in Figure 1 are illustrated by way of example only.
[0015] Therefore, the magnetic fields generated due to the resonating current flowing in the target’s windings 10 couple
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back to the sensor 1 and induce EMFs (Electro-Motive Forces) in the COS sensor coil 25-1 and the SIN sensor coil
25-2, whose amplitudes vary with the angle to be measured. The signals induced in the sensor coils are detected by
processing electronics and converted to position using an ATAN2 calculation, as described in WO2008139216. Figure
3b is a block diagram illustrating the main components of the processing electronics 31 used in this embodiment. As
shown, the processing electronics 31 include a drive circuit 33 for driving the excitation coil 23 and detection circuitry
35-1 and 35-2 for processing the signals induced in the COS sensor coil 25-1 and the SIN sensor coil 25-2 respectively
and for providing a measure of the amplitude of the sensor signals to a position calculation unit 37 which performs the
above position calculation. The processing electronics 31 also includes a timing circuit 39 that controls the timing of
when the excitation coil 23 is energised and when the signals from the sensor coils 25 are detected. In particular, in this
embodiment, because the target 7 is resonant, the target 7 can be energised during a first time period and then after
the excitation has been removed the signals from the sensor coils 25 can be detected. This is because the resonant
target 7 continues to resonate after the excitation signal has been removed.

Offset Immunity

[0016] The reason for the immunity to lateral misalignment between the sensor 1 and the rotatable shaft 5 and target
7 assembly will now be explained. As illustrated in Figure 2, the target 7 is mounted to the shaft 5 so that the ends of
the ferrite rods 9 furthest from the shaft 5 (ends A and C) are positioned and rotate between the inner and outer radius
of the tracks 27 that form the sensor coils 25 (even when there is some lateral misalignment). The other ends of the
ferrite rods 9 (ends B and D) are positioned and rotate inside the inner radius of the tracks 27 that form the sensor coils
25. As the two windings 10 of the resonant target 7 are located on opposite sides of the shaft 5, if one of the ends (B or
D) moves closer to the sensor coils 25, then the other one of the ends (D or B) moves further away from the sensor coils
25; and, as will be illustrated in more detail below, this acts to counter positional changes caused by any such lateral
misalignment.
[0017] Figure 4 is a plot illustrating the way in which the magnitude of the coupling to the sensor coils 25 varies with
radial position along the sensor PCB 1. The origin of the plot corresponds to the sensor axis that passes through the
centre of the hole 3, perpendicular to the page of Figure 1. As shown, the coupling peaks (at 40a and 40b) approximately
at the mid-radius of the COS and SIN coils, and drops off rapidly for radii less than the coils’ inner radius 41 and greater
than the outer radius 43. Thus, as the ends A and C of the ferrite rods 9 are arranged to be positioned above and rotate
between the inner and outer radii of the sensor coils 25, the ends A and C couple most strongly with the sensor coils
25; whilst the opposite ends of the ferrite rods (ends B and D) couple less strongly as they rotate on the inside of the
inner radius 41 of the sensor coils 25.
[0018] Figure 5a illustrates the target 7 rotated to an arbitrary angle (θ) when the sensor board axis 51 and the rotation
axis 53 of the shaft coincide (i.e. no lateral misalignment); and Figure 5b is a plot of the coupling amplitudes between
the target 7 and the sensor coils 25 for this position. These are shown in the form of couplings to the COS sensor coil
25-1 (kCOS) and the SIN sensor coil 25-2 (kSIN), with the two plotted against each other in the form of a coupling vector
(kCOS,kSIN). The couplings between the target 7 and the sensor coils 25 are shown split into 4 separate contributions:
from each of the two ends of each of the two ferrite rods 9. In reality, there are contributions from all along each of the
two ferrite rods 9. However this simplification is a useful approximation which helps with the explanation.
[0019] The majority of the coupling between the target 7 and the sensor coils 25 is due to the coupling between ends
A and C of the ferrite rods 9, since these ends lie directly over the SIN and COS sensor coils 25. By the design of the
COS and SIN sensor coils 25, the angle of the coupling contributions from ends A and C are in the same direction as
their location relative to the sensor axis 51. The angle of the coupling vector to rod end A (kA) is greater than the actual
angle (θ) by an amount due to the deliberate mechanical offset between the ferrite rod 9b and the sensor board axis 51;
and the angle of the coupling vector to rod end C (kC) is less than the actual angle (θ) by the same amount due to the
deliberate mechanical offset between the ferrite rod 9a and the sensor board axis 51. The magnitudes of the contributions
from rod ends B and D are relatively small, since they lie inside the inner radius 41 of the sensor coils 25. In this case,
as there is no misalignment between the axis of rotation 53 and the sensor board axis 51, rod ends B and D will lie the
same distance from the sensor axis 51 and so the contributions from rod ends B and D are equal (as illustrated in Figure
5c). The coupling vectors kB and kD shown in Figure 5b point in the opposite direction to their location relative to the
sensor axis 51, since the resonator field at rod ends B and D is opposite in polarity to the resonator field from rod ends
A and C.
[0020] The net (kCOS,kSIN) coupling due to the whole target 7 is the sum of the contributions from rod ends A, B, C
and D: kA, kB, kC and kD respectively. Due to the symmetry factors described above, the resulting net coupling vector
shown in Figure 5b is at a measured angle (α) equal to the actual angle (θ). The processing electronics 31 connected
to the sensor board 1 therefore reports the correct angle for the target 7 relative to the sensor 1.
[0021] Figures 5d and 5e illustrate a different situation where the rotation axis 53 of the shaft 5 has been laterally
misaligned relative to the sensor axis 51, for example due to manufacturing tolerance stack-ups and/or vibration. The
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coupling vectors kA and kC shown in Figure 5e due to rod ends A and C respectively have both rotated anticlockwise
(compared with those shown in Figure 5b - and included in the plot shown in Figure 5e in dashed lines). A position
sensor based on these contributions alone would register a position error due to the lateral misalignment. However the
novel arrangement of the ferrite rods 9 yields compensating contributions from rod ends B and D. The directions of their
contributions kB and kD also rotate slightly relative to the sensor axis 51 due to the misalignment. More importantly,
however, their relative magnitudes are no longer equal. The magnitude of coupling vector kB, denoted |kB|, increases
because rod end B has moved closer to the mid radius of the sensor coils 25, while the magnitude of coupling vector
kD, denoted |kD|, reduces because rod end D has moved further away from the sensor coils 25. This is illustrated in
Figure 5f.
[0022] The exact dimensions of the sensor coils 25 and the target 7 are designed so that these changes in kB and
kD compensate for those in kA and kC, so that the net coupling vector remains in the same direction as the actual angle
(θ). The processing electronics 31 connected to the sensor 1 therefore reports the correct angle (within small residual
errors), even through the target 7 and sensor board 1 are misaligned.
[0023] The approach described above and the one described in WO2008139216 both achieve immunity to lateral
misalignment between the target 7 and the sensor 1. However the mechanisms are different, as explained below.
[0024] In WO2008139216, the effective angle of the "near end" of the target increased due to a misalignment while
the effective angle of the "far end" decreased, or vice versa. The combined angle contributions cancelled to yield immunity
to misalignment. The amplitudes of the coupling vector contributions from the near and far ends of the target were similar,
otherwise the cancellation would not occur correctly.
[0025] In the approach described above, the effective angular error due to a first portion of the target (rod ends A and
C taken together) is cancelled by contributions from second and third portions (here rod ends B and D respectively).
There is a small change in the angle of the contributions from each of the second and third portions. However these
angle changes do not make a significant contribution to the correction. Instead, it is the significant change in the relative
amplitudes of the contributions from the second and third portions which yields the correction for lateral misalignment
required. In the embodiment above, the change in relative amplitude is due to a change in radial location of each portion
relative to the COS and SIN sensor coils 25.
[0026] In addition to the benefit of immunity to lateral misalignments, the system described above is also largely
immune to angular misalignment of the target 7 relative to the sensor 1. For the sake of explanation, two tilt directions
will be defined - yaw angle (in the positive direction) will be defined as tilt such that rod ends A and C move closer to
the sensor board 1 and rod ends B and D move further away from the sensor board 1; and pitch angle (in the positive
direction) will be defined as tilt such that rod ends A and B move closer to the sensor board and rod ends C and D move
further away from the sensor board 1.
[0027] Figure 5g is a plot illustrating the effects of a positive change in the pitch angle. As shown, the magnitudes of
vectors kA and kB become larger (as ends A and B are now closer to the sensor board 1), while the magnitudes of
vectors kC and kD become smaller (as ends C and D are now further away from the sensor board 1). However, the net
coupling remains in the same (kCOS,kSIN) direction as before. The processing electronics 31 connected to the sensor
1 therefore reports the correct rotation angle (within small residual errors), even through the target 7 and sensor 1 are
misaligned in the pitch angle direction.
[0028] Figure 5h is a plot illustrating the effects of a positive change in the yaw angle. As shown, the magnitudes of
vectors kA and kC become larger (as ends A and C are now closer to the sensor board 1), while the magnitudes of
vectors kB and kD become smaller (as ends B and D are now further away from the sensor board 1). As a result, the
net coupling remains in the same (kCOS,kSIN) direction as before and so the processing electronics 31 report the correct
rotation angle as before.

Second Embodiment

[0029] In the above embodiment, the sensor coils 25 used were designed to give a sine and cosine response to target
angular position, with one revolution of the target 7 corresponding to one cycle of sine and cosine variation. This second
embodiment provides a more accurate angular position determination by using sensor coils 25 that have multiple periods
of COS/SIN tracks of different pitches arranged around the sensor board 1.
[0030] US 6,534,970 describes an inductive sensor having multiple periods of COS/SIN tracks of different pitches
used for high accuracy absolute rotary sensing systems, and allowing a shaft to pass through the centre. However the
system described in US’970 uses a resonator that has a specially patterned inductor coil. The angular spatial harmonics
of this inductor coil are carefully adjusted by the location of conductors within it. Since these conductors require precise
location, the system is practically limited to the use of a resonator formed using a PCB. Since the amount of copper on
such a PCB is limited, so is the resulting Q-factor when the inductor is made resonant with a capacitor. This limits the
detected power from the sensor’s output, so that signal to noise suffers. A further limitation of the system described in
US’970 is that the moving resonator surrounds the rotating shaft, and can not be mounted onto the shaft from the side.
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Side mounting is preferable for some applications, for example where a sensor system is retrofitted, or where it can only
be mounted from the side for mechanical reasons inherent in the application. This second embodiment aims to address
some of these issues with this prior art.
[0031] This second embodiment provides a precise angle measurement that, like the sensor of the first embodiment,
is relatively immune to lateral and angular misalignment. Furthermore, the moving member comprises a resonant target
built from simple components that yield high Q-factor for high signal to noise and therefore high resolution and immunity
to interference. The resonant target can also be designed for side mounting since it need not completely surround the
rotating axis to be measured.
[0032] Figures 6a to 6f illustrate the 6 layers of a sensor PCB 1 used to implement the sensor in this second embodiment.
Each of these figures illustrates the copper traces on its respective copper layer. The circles mark the location of vias
used to make connections to other layers.
[0033] The copper traces 61 of Figure 6a form most of a COSB sensor coil 25-1, whose sensitivity to AC magnetic
field varies sinusoidally with angle, with one sinusoidal repeat per complete 360° rotation of the target 7. The positive
peak in sensitivity occurs for a source of AC field between the sensor coil’s outer and inner diameters at the right hand
side of the sensor 1 (as drawn). The negative peak occurs at the left hand side (as drawn). The COSB sensor coil 25-1
is completed with a cross connection 62 at the top made on layer 6 (shown in Figure 6f), and connections to the processing
electronics 31 are provided at the right hand side on layers 3 and 4 (shown in Figures 6c and 6d).
[0034] The copper traces 63 of Figure 6f form most of a SINB coil 25-2, in a similar way to the COSB coil 25-1 on
layer 1 but rotated physically by 90°.
[0035] A COSA coil 25-3 is formed mainly by the combination of copper traces 65-1 and 65-2 on layers 2 and 5 shown
in Figures 6b and 6e respectively. The COSA coil 25-3 has 12 "lobes" 67 around a circle, with adjacent lobes 67 connected
in the opposite sense ("figure of 8" arrangement) so that its sensitivity to AC magnetic field varies sinusoidally with angle,
with six sinusoidal repeats per complete 360° of the target 7.
[0036] A SINA coil 25-4 is formed mainly by the combination of copper traces 69-1 and 69-2 on layers 3 and 4 shown
in Figures 6c and 6d respectively. The SINA coil 25-4 is similar to the COSA coil 25-3 except rotated physically by 15°,
such that its inductive coupling is in phase quadrature (90° electrically out of phase) with that of the COSA coil 25-3.
[0037] The sensor PCB 1 also includes an excitation coil 23 comprising four turns around the outside perimeter of the
sensor coils 25 plus six turns on the inside wound in the opposite sense. This arrangement is designed to generate an
excitation field concentrated between the inner and outer radii of the sensor coils 25, with a minimum of field on the
outside or inside.
[0038] As mentioned above, layers 3 and 4 (shown in Figures 6c and 6d) are also used to connect the processing
electronics 31 to the sensor coils 25 and the excitation coil 23 mounted on the sensor board 1. All four sensor coils 25
and the excitation coil 23 share a common return (reference or ground) connection. The connection pins used to connect
the four sensor coils 25 and the excitation coil 23 to the processing electronics are shown in Figure 6g.
[0039] Figure 7a illustrates schematically the design of the target 7 used in this embodiment with the sensor PCB 1
shown in Figure 6. The target 7 comprises two target windings, 10A and 10B. These are connected in series or parallel
in the same sense, and the combination is connected in parallel with a capacitor (not shown) to form a resonant circuit.
The target windings 10 are generally oval in shape when viewed from above, as shown. In this embodiment, the target
coils 10 are relatively thin in the direction parallel to the axis of rotation measurement. As in the first embodiment, the
target 7 is mounted to and rotates with the rotatable shaft (not shown); and the two target coils 10 are fixed relative to
each other so that their relative positions and orientations do not change as the target 7 rotates with the shaft.
[0040] The inductive coupling between the COSA coil 25-3 and the SINA coil 25-4 to each target winding 10, individually,
is generally sinusoidal with measured angle, with six repeats per 360° of target rotation. The two target windings 10A
and 10B are positioned at an offset angle (ϕ) either side of the target’s axis of symmetry 71. In this embodiment, the
offset angle is 60°, so that they are separated by 120° which corresponds to two sinusoidal repeats of the COSA coil
25-3 and of the SINA coil 25-4. As a result of the separation being an integer multiple of the sensor coil repeat, signals
induced in the COSA and SINA coils by each target winding 10 reinforces the other, resulting in a beneficial doubling
of signal levels relative to a single winding 10 alone. The target windings 10A and 10B are also angled relative to the
axis of rotation by an inset angle (β) which helps to provide immunity to lateral misalignments.
[0041] The inductive coupling between the COSB sensor coil 25-1 and each target winding 10A and 10B and between
the SINB sensor coil 25-2 and each target winding 10A and 10B, individually, is generally sinusoidal, with one repeat
per 360° of rotation of the target 7. In the example shown with an offset angle of 60° and a separation of 120°, the
contribution from each target winding 10 does not reinforce the other in the same way as with the COSA and SINA coils.
However their combination still yields a net coupling, so that current flowing in the target windings 10 yields an EMF in
the COSB and SINB coils 25-1 and 25-2 that varies sinusoidally with the measured angle.
[0042] As mentioned above, the sensor coils 25 and the excitation coil 23 are connected to processing electronics 31,
for example the applicant’s CAM204 chip and its external circuitry. This processing electronics 31 generates an AC
current in the excitation coil 23 whose frequency matches the resonant frequency of the resonant target 7. The excitation



EP 2 656 013 B1

8

5

10

15

20

25

30

35

40

45

50

55

current is then removed, and the processing electronics 31 detects the EMF induced in the COSA, SINA, COSB and
SINB coils by the target 7. The processing electronics 31 calculates a "fine" position from the signals obtained from the
COSA and SINA coils 25-3 and 25-4, and "coarse" position from the COSB and SINB coils 25-1 and 25-2. The fine
position is accurate and high resolution but is not absolute (as the sensor signals repeat every 60° of target rotation),
while the coarse position is absolute but not accurate. The processing electronics 31 uses the coarse position meas-
urement to resolve the period ambiguity problem with the fine position measurement, to yield an accurate figure for
absolute position which it reports to a host device or host software.

Offset Immunity

[0043] The arrangement of target windings 10 illustrated in Figure 7a yields immunity to lateral and angular misalign-
ments between the target 7 and the sensor axes, the origins of which will now be explained.
[0044] Figure 7b shows the two target windings 10A and 10B and labels three locations on each target winding.
Locations A-C and B-C are in the centre of the respective target winding 10 and represent the effective location of the
bulk of the coupling between that winding 10 and the sensor coils 25. Locations A-E and B-E represent a portion of the
respective target winding 10 that couples with the exterior circumference of the sensor coils 25; and locations A-M and
B-M represent a portion of the respective target winding 10 that couples with the portion of each sensor coil 25 towards
the middle of the sensor PCB 1. Figure 7b also illustrates the target’s symmetry axis 71 and the target’s cross axis 73,
for ease of explanation below.
[0045] Small lateral misalignments between the target 7 and the sensor board 1 along the target’s symmetry axis 71,
or small angular misalignments about the target’s cross axis 73, do not induce significant errors in the system’s meas-
urement of either fine or coarse position. This immunity arises out of the symmetry of the target arrangement: angular
changes due to movement of target winding 10A are equal and opposite to those of target winding 10B.
[0046] Small lateral misalignments in the target’s cross axis direction are not corrected in the same way, because the
centre of both target winding 10A and target winding 10B experience an angular deviation in the same direction. Instead,
the immunity arises from the shape of the target windings 10. To illustrate this effect, we consider the contribution that
individual portions of each target winding 10 makes to the measurement of fine position. Fine position will be discussed
in terms of the spatial phase angle (α) - which is the angle formed by the coupling factor vector (kCOSA, kSINA), which
in this case is six times the measured angle because the COSA and SINA coils 25-3 and 25-4 repeat six times per
revolution of the target 7.
[0047] Figure 8a illustrates the contributions made by target winding 10A to the coupling factor between the target 7
and each of the fine sensor coils, COSA and SINA. These contributions are shown plotted SINA against COSA, so that
the angle they form with the COSA axis represents the spatial phase angle. Figure 8a illustrates the situation with no
lateral misalignment. Coupling vector kC represents the coupling contribution from location A-C of target winding 10A.
Coupling vectors kM and kE represent the contributions from locations A-M and A-E of target winding 10A respectively.
Coupling vectors kM and kE are smaller in magnitude than coupling vector kC because they represent coupling factors
from smaller areas of the target winding 10, and they are closer to the sensor coils’ inner and outer radii respectively.
The angle of coupling vector kM relative to the COSA axis is greater than the angle of kC because location A-M (towards
the inside of the target winding 10A) is more anticlockwise than location A-C. The angle of kE relative to the COSA axis
is less than the angle of kC because location A-E (towards the exterior of target winding 10A) is more clockwise than
location A-C. Target winding 10A is designed such that coupling vectors kE and kM have approximately the same
magnitude and have approximately equal and opposite relative angles to kC when the target and sensor axes are
perfectly aligned. The net result is that the contribution made by kE plus kM is in the same direction as kC, as shown in
Figure 8a.
[0048] Figure 8b illustrates the case where the target 7 has been misaligned to the left (as drawn) in the target cross
axis direction 73, so that the new contributions made by the same portions of the target winding 10A (at locations A-C,
A-E and A-M) are coupling vectors kC’, kE’ and kM’ respectively. The angle of coupling vector kC’ is larger than that of
coupling vector kC due to the misalignment. The magnitude of coupling vector kC’ is similar to that of coupling vector
kC, because location A-C is near the mid radius of the sensor coils 25 - where there is less sensitivity to radial movement.
The angles of coupling vectors kE’ and kM’ are both rotated in a similar way to kC’ due to the misalignment. However,
critically, the magnitude of coupling vector kM’ decreases relative to coupling vector kM and coupling vector kE’ increases
relative to coupling vector kE. This happens because displacement to the left in the target cross axis direction moves
location A-M away from the mid radius of the sensor coils 25 and moves location A-E towards the mid radius of the
sensor coils 25 (since location A-M is already on the inner radius 41 of the sensor coils 25 and location A-E is already
on the outer radius 43 of the sensor coils 25). The dependence of coupling magnitude to radius position is illustrated in
Figure 8c. As shown in Figure 8b, the net result of the changes in angle and magnitude of the individual coupling vectors
kC’, kM’ and kE’ is a (COSA,SINA) vector whose spatial phase angle (α) is largely unchanged relative to the case where
there is no misalignment.
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[0049] The same reasoning applies to target winding 10B. In this case a misalignment to the left in the target cross
axis direction also results in an increase in the spatial phase angle of location B-C, which is compensated for by an
increase in the magnitude of coupling vector kM (as location B-M moves closer to the sensor windings 25) and a decrease
in the magnitude of coupling vector kE (as location B-E moves away from the sensor windings 25).
[0050] The spatial phase angle (α), and hence fine position (and position reported to the host) is therefore substantially
unchanged as a result of misalignment in the target cross axis direction.
[0051] The final misalignment to consider is angular misalignment about the target’s symmetry axis 71. If such a
misalignment causes the gap between the target winding 10A and the sensor windings 25 to get smaller, then the gap
between the target winding 10B and the sensor windings 25 will get bigger. Changes in gap between the target 7 and
the sensor board 1 causes a change in the coupling magnitudes. However the ratio of SIN to COS coupling remain
unchanged. Thus the contributions that each winding 10 makes to the spatial phase angle (α) will remain unchanged,
because the location of each winding 10 remains substantially the same. Once again fine position and hence reported
position remain substantially unchanged.
[0052] Note that lateral and angular misalignments between the target 7 and the sensor board 1 may cause an error
in coarse position measurement. However these do not affect the reported position, provided the amount of misalignment
is not grossly excessive so that the system determines absolute position to be in error by more than a full period of fine
position, 60° in this embodiment.
[0053] The discussion above illustrates how this embodiment achieves immunity to lateral and angular misalignment.
A further aspect of this embodiment is the possibility to attach a target 7 to a rotatable member for angular measurement
without the target having to pass through the rotation axis. In particular, as those skilled in the art will appreciate, the
target windings 10 of Figure 7 can be mounted from the side, because the target windings 10 are only required on one
side of the target 7.

Alternatives

[0054] As those skilled in the art will appreciate, a number of modifications and alternatives can be made to the above
first and second embodiments whilst still benefiting from the inventions embodied therein. A few of these alternatives
will now be described.
[0055] The system described in the above embodiments used two windings 10 mounted on the target 7. A different
number of windings may be used, for example three as shown in Figure 9. In this case the target windings 10A and 10B
are similar to those used in the second embodiment and positioned 60° apart so that their couplings to the COSA and
SINA coils reinforce each other. The new target winding 10C does not itself contribute to immunity to misalignment in
the target cross axis direction 73; it actually yields a net positive error in the spatial phase angle (α). Instead, target
windings 10A and 10B are designed to compensate for this error, for example by making the contributions from locations
A-M and A-E greater (and from B-M and B-E), so they correct for the movement of location A-C (and B-C) and correct
for the movement of the whole of target winding 10C.
[0056] Since target winding 10C does not perform a correcting action for misalignment in the target cross axis direction,
it need not have the same shape as target coils 10A and 10B. It may for example be circular as shown in Figure 10.
[0057] The target 7 described in the second embodiment used generally oval windings 10, having a central location
C and extremes E and M. However there is considerable freedom to vary the shape of the target windings 10 and still
achieve the misalignment immunity described above. Figure 11a illustrates an alternative, egg shaped, form for the
target windings 10. Like the original oval shape, each individual winding, 10A or 10B, remains asymmetric such that the
shape can never be replicated by reflection about any chosen plane parallel to the rotation axis. The egg shaped target
windings 10 illustrated do not have a location A-E or B-E to compensate for misalignment together with locations A-M
and B-M. As shown in Figure 11b, misalignment of target winding 10A to the left causes a rotation in both kC and kM
as before. However the magnitude of kM is reduced due to location M moving away from the sensor coils 25, and the
exact shape of the winding 10A and its inset angle (β) are designed so that the net angle (COSA,SINA) remains un-
changed, as shown.
[0058] The target windings 10 used in the second embodiment are all wound in the same direction. However the
winding directions may be varied, provided there remains a net non-zero coupling between the target windings 10 and
the excitation coil 23, and between the target windings 10 and each set of the sensor coils 25.
[0059] The second embodiment described above used fine sensor coils 25-3 and 25-4 that had six repeats per revolution
of the target 7. A similar design approach may be applied to any number of repeats. Similarly, the coarse sensor coils
25-1 and 25-2 had one repeat per revolution of the target 7. The same approach may be modified to work with a different
number, for example with sensor coils 25 that have five repeats per revolution of the target. The combination of six
period fine sensor coils and five period coarse sensor coils can be used to determine full absolute position in a similar
way to the above six period fine and one period coarse arrangement described above. Absolute position is determined
by the spatial phase difference measured between the fine and coarse sensor coils.
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[0060] The target windings used in the second embodiment were built from air cored coils. The same design approach
also works for coils having magnetically permeable cores, for example used for flux concentration, shaping and/or for
screening purposes.
[0061] The first embodiment described above used a sensor having a single COS/SIN period around its circumference.
It is equally applicable to sensors having multiple periods, or sensors having multiple sets of COS/SIN tracks of different
periods used for high accuracy absolute systems, or a different number of copper layers. The exact dimensions of the
target and the locations of the magnetic members would be changed for optimum immunity to lateral misalignment.
However the underlying principles remain the same.
[0062] The embodiments described above used COS/SIN coil pairs: a 2-phase arrangement. It is equally applicable
to use multi-phase coils, for example a 3-phase (a,b,c) arrangement illustrated in WO2008139216.
[0063] The sensor boards described in the above embodiments used sensor coils that span a full 360° of rotation.
The coils may instead span a smaller angular range to provide an "arc" sensor. In order for the correction for lateral
misalignment to remain effective, there should always be sensor coils under each part of the target windings/rods.
[0064] The sensor systems described above used a resonant target powered from an excitation coil on the sensor
PCB. The exact form of the excitation coil is not important, provided that it powers the resonator across the angular
angles of interest. Alternatively, current may be directly driven into the target’s windings by processing electronics, for
example by wires or slip rings. Alternatively still, the target 7 may be self powered and may directly generate a target
magnetic field.
[0065] The first embodiment described above had a target built from wound ferrite rods. These could equally be built
from other magnetic materials, for example iron powder. Further, the use of magnetic materials may be avoided altogether
by using air cored coils, for example as illustrated in Figure 12. In this case, the target 7 comprises 3 windings: A, B and
D, connected in series. As represented by the "+" and "-" signs, windings B and D are wound in the opposite sense to
winding A, and provide the above described compensation for lateral misalignment. As in the first embodiment detailed
above, radial misalignment causes the relative coupling between the sensor coils 25 and the target windings B and D
to change, and correct for angular changes of target winding A.
[0066] A further alternative arrangement is illustrated in Figure 13, which is similar to Figure 12, except that all three
target windings are wound in the same direction, and windings B and D are now at the outer radius 43 of the sensor
coils instead of the inner radius 41. These changes mean that the correcting signals remain in the correct direction. This
is because, for a radial displacement in the same direction as Figure 5d, the magnitude of coupling vector kB becomes
larger than the magnitude of coupling vector kD as required. The disadvantage of this alternative is that the system is
no longer immune to changes in pitch angle.
[0067] The target 7 illustrated in Figure 12 or 13 had second and third portions located very roughly +110° and -110°
from the centre of the first portion measured about the sensor axis 51. The correcting mechanism can work at a wide
range of angles, provided they are sufficiently far from 0° and 180°.
[0068] The alternative illustrated in Figure 14 is similar to the alternative shown in Figure 13, except that it replaces
the 3 separate windings A, B and D with a single banana shaped winding 10 having portions A, B and D in similar
locations to windings A, B and D in Figure 13. The exact shape and location of the banana coil 10 is determined to yield
the same correcting effect as above. Portions B and D correct for lateral misalignment of the main portion A. The portions
are not so distinct as before, but perform the same underlying task.
[0069] The embodiments described above use targets with either wound ferrite rods or air cored windings. A hybrid
approach is illustrated in Figure 15. The first portion of the target 7 yielding the majority of the coupling to the sensor
coils 25 is formed by the emitting area of the winding 10 plus fields concentrated at ferrite rod ends A and C. Ferrite rod
ends B and D emit field in the opposite direction and compensate for lateral offsets in the same manner as described above.

Example System

[0070] The first embodiment described above included a sensor 1 built from a PCB and operated with a target 7
comprising dual wound ferrite rods 9. A drawback of this embodiment is the requirement for the rotating shaft to pass
through the sensor PCB 1. This means that the sensor can only be positioned for measuring shaft angle by removing
the shaft and placing it through the hole 3 in the sensor PCB 1. Similarly, the sensor PCB 1 could only be removed by
also removing the shaft 5. A similar difficulty is encountered if wires need to pass through the middle of the sensor PCB,
for example in applications such as pan axis feedback in a motorised surveillance camera.
[0071] This example system uses a sensor and target that can both be mounted onto a continuous shaft without the
need to mount either the sensor or the target through the shaft. Similarly, wires may pass through the rotation axis
monitored by the sensor, and the sensor may be removed from the side without having to remove the wires.
[0072] Figure 16 schematically illustrates the form of a "C" shaped target 7 used in this example. Although not illustrated
for clarity, the target 7 is mounted for rotation with the rotatable shaft. The target 7 comprises a yoke 81 or other supporting
means that holds two wound ferrite rods 9 on opposing sides of the target rotation axis 53. Each ferrite rod 9 has a
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respective winding 10a and 10b wound thereon and the two windings 10a and 10b are connected in series with each
other and a capacitor (not shown) to form a resonant circuit, as in the first embodiment. The relative connection polarity
of the two windings 10 is such that when a current passes through them both, the magnetic field in ferrite rods 9 at
locations R1-C and R2-C have the same polarity that is opposite to the magnetic field polarity at locations R1-A and R2-A.
[0073] Figure 16 also schematically shows sensor coils 25 and an excitation coil 23, which would be mounted onto a
support (not shown). The target 7 and its yoke 81 are shown transparent to illustrate the sensor patterns underneath.
The sensor coils 25 and the excitation coil 23 are typically manufactured using conductors printed onto one or more
layers of a PCB, but they may be formed from separate wire conductors if desired. In this embodiment there are two
sensor coils: a COS coil 25-1 and a SIN coil 25-2. The COS coil 25-1 includes an inner portion 25-1a and an outer portion
25-1 b that are connected in series, with the winding directions indicated by the arrows - that is with the winding directions
reversed between the inner portion 25-1 a and the outer portion 25-1 b. Similarly, the SIN coil 25-2 also includes an
inner portion 25-2a and an outer portion 25-2b that are connected in series and with the winding directions reversed
between the inner and outer portions. The excitation coil 23 is formed in an arc between the inner and outer portions of
the sensor coils 25. Connections (not shown) to each sensor coil 25 and to the excitation coil 23 are made to the
processing electronics 31.
[0074] The processing electronics 31 has the same general architecture as shown in Figure 3b. In operation, the
processing electronics 31 drives current into the excitation coil 23 to energise the resonant target 7 and detects the
signals from the resonant target 7 in the two sensor coils 25-1 and 25-2. The excitation preferably comprises a number
of cycles of AC current, with the frequency matching that of the resonant target 7 so as to efficiently drive it to oscillation
at its resonant frequency. The detection process preferably integrates a number of cycles’ worth of EMF from the resonant
target 7, with the beginning of detection being shortly after the end of excitation so that there is minimum influence of
parasitic coupling directly from the excitation coil 23 to the sensor coils 25. The processing electronics 31 then takes
the resulting COS and SIN amplitudes and calculates position from them using an ATAN2 (arctangent) function.
[0075] As those skilled in the art will appreciate, the placement of the wound ferrite rods 9 in this example allows them
to be mounted to a rotating shaft or other rotating member without a portion of the target 7 or its support having to pass
through the rotation axis. Similarly, the arrangement of sensor coils 25 and excitation coil 23 allows their supporting
member to be formed into a C shape which also does not have to pass through the rotation axis for mounting.
[0076] The target 7 is free to rotate over a full 360°. When the target angle (θ) is within approximately 80° of 0° (shown
as being at the "6 o’clock" position as drawn in Figure 16), only ferrite rod 9a couples with the sensor coils 25 and the
excitation coil 23; and when target angle (θ) is within approximately 80° of 180° only ferrite rod 9b couples with the sensor
coils 25 and the excitation coil 23. In the remaining regions, both ferrite rods 9 couple with the sensor coils 25 and the
excitation coil 23, to a degree that varies with angle (θ).
[0077] In the ferrite rod 9a only state, the magnetic field from the excitation coil 23 enters the ferrite rod in the vicinity
of location R1-B, which forces the resonant target 7 to resonate producing its own magnetic field that is in phase at
locations R1-B and R1-C, and out of phase at location R1-A. The magnetic field generated by the target 7 at location
R1-A couples into the inner portion of the COS coil 25-1a and the inner portion of the SIN coil 25-2a; and the magnetic
field generated by the target 7 at location R1-C couples into the outer portion of the COS coil 25-1 b and the outer portion
of the SIN coil 25-2b. As the inner and outer portions of the COS and SIN coils 25 are wound in opposite directions and
as the polarity of the target magnetic field is opposite at the two ends of the ferrite rod 9, the resulting EMF induced in
each COS/SIN coil 25 includes contributions from both inner and outer portions which reinforce each other. The amplitude
of the EMF induced in the COS coil 25-1 is a positive maximum at a target angle 0°, and tends towards zero at +90°
and -90°. The COS coil portions 25-1 are designed for sinusoidal variation of signal with angle, so that the amplitude of
the EMF has the form: 

... in the region in question. The amplitude of the EMF induced in the SIN coil 25-2 is zero at a target angle 0°, and
tends towards a maximum value at +90° and -90°. The SIN coil portions 25-2 are designed for sinusoidal variation of
signal with angle, so that the amplitude of the EMF has the form: 

... in the same region.
[0078] In the ferrite rod 9b only state, the resonant target is forced to resonate as before, but since location R2-C is
now on the inside and location R2-A on the outside, the polarity of the signals induced in the COS and SIN coils are
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equal and opposite to those for the ferrite rod 9a only state, given the same ferrite rod positions. This is the desired
result because ferrite rod 9b is actually 180° rotated from ferrite rod 9a. The equations relating sensor coil amplitude to
target angle in this region are therefore... 

[0079] These are the same as for the ferrite rod 9a only state.
[0080] When the target angle (θ) is such that both ferrite rods 9 couple to the sensor coils 25 and the excitation coil
23, the signals detected in the sensor coils are the sum of the two contributions. At 90° and -90° their contributions are
equal by symmetry. When the target angle (θ) is less than 90° and more than -90° ferrite rod 9a is closer to the sensor
and excitation coils and makes a larger contribution than ferrite rod 9b, and when the target angle (θ) is greater than
90° or less than -90° ferrite rod 9b makes the larger contribution. In all cases, though, the amplitude of the EMF detected
in the COS and SIN coils 25 remains of the form in Equation 1 and Equation 2 respectively. The electronic processing
circuit can therefore determine the target angle (θ) from the calculation: 

[0081] This is the standard form of calculation required for a sinusoidally patterned resonant inductive sensor, so a
standard processing chip developed for such resonant inductive sensors can be used, without any modification, with
this novel sensor arrangement.
[0082] The COS and SIN sensor coils of Figure 16 yield a single period of sinusoidal variation of their outputs for a
full 360° physical rotation of the target 7. As discussed in the earlier embodiments, sensor coils 25 may also be patterned
to yield multiple periods of sinusoidal variation. In this case, however, since the magnetic fields from the two ferrite rods
9 placed 180° apart are equal and opposite, if the ferrite rods 9 both couple to the sensor their signals will only reinforce
one another when the number of sinusoidal repeats is an odd integer. Figure 17 illustrates possible patterns for COS3
and SIN3 coils 25-5 and 25-6, yielding 3 sinusoidal periods per rotation.
[0083] The COS3 and SIN3 coils 25-5 and 25-6 may be used instead of the COS and SIN coils 25 of Figure 16, to
yield an incremental sensor system with 120° unambiguous range. The calculation of position in this case proceeds
according to Equation 5 above, except that the result of the atan2 calculation is the "electrical phase" which must be
divided by 3 to yield the actual angle.
[0084] Alternatively, the sensor coils 25 of Figures 16 and 17 may be superimposed to yield a sensor having "coarse"
COS/SIN outputs and "fine" COS3/SIN3 outputs. The fine coils yield precise position information at high resolution, and
can be combined with coarse information in the processing circuitry for a full absolute output.
[0085] The sensor used in the example system has an angular extent of 180° about the rotation axis 53. This extent
may be made smaller or greater. For example Figure 18 illustrates a system where the angular extent of the sensor is
just under 360°. The remainder may be used to allow for a small slit 91 in the sensor board 1, so that the sensor board
1 may be flexed open to fit around a shaft that passes through the central hole 3 and then secured in the shape illustrated
for sensing, for example with the target 7 of Figure 16. An advantage of this approach is improved immunity to misalignment
between the target axis, the rotation axis and the sensor axis. This arises because angle error contributions from each
ferrite rod 9 due to linear displacements of the target 7 relative to the sensor 1 cancel each other out. The slit 91 should
be made narrow enough that the signal from a ferrite rod, when it is adjacent to the slit 91, does not dip significantly.
[0086] In the example system, sensor coils 25 have been used that have their width modulated (varied) to yield the
desired sinusoidal signal variation with target angle. They may be formed with any appropriate shape, which may include
multi-turn coils, such that sinusoidal signal variation is achieved. For example rectangular forms of multi-turn coils (like
those used in the first and second embodiments) may be used, with varying winding density in the circumferential direction.
[0087] The inner and outer SIN coil portions 25-2a and 25-2b of Figure 16 are balanced with respect to far field
interference due to left-right anti-symmetry (figure of 8 arrangement), so that the nominal effect of any such interference
on the coil output is zero. However the COS coil portions 25-1 are not balanced in this way. There is a certain amount
of balance due to the opposite winding direction of the COS coil inner and outer portions 25-1 a and 25-1 b. However,
as drawn, the effect of interference does not cancel completely, because the area of the outer COS coil portion 25-1b
is greater than the area of the inner coil portion 25-1a. This may be rectified by making the radial extent of the outer
COS coil portion 25-1 b smaller than that of the inner COS coil portion 25-1a, and/or by using a greater number of winding
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turns on the inner portion 25-1a. However, if this is done, the same adjustment should be made to the SIN coils 25-2 so
that the ratio of SIN and COS amplitudes remains the same.
[0088] In the embodiments described above, the two windings 10 forming part of the resonant target 7 were connected
in series with a capacitor. Alternatively, the three components may all be connected in parallel whilst preserving the
desired phase relationship between each winding 10.
[0089] In the example system described above, the COS and SIN coils 25-1 and 25-2 ended abruptly in the circum-
ferential direction, and cross connections at that location were generally radial. The shape of the coils 25 may be varied
so that their sensitivity to target signals is a more gradual function of target angle (θ) when a neighbouring ferrite goes
out of range. This improves differential non-linearity in the regions around target angles of +90° and -90° by increasing
the angular range over which both ferrite rods 9 make a contribution, because there is a less abrupt transition from the
position readings largely due to one ferrite and then the other.
[0090] Similarly, the width and/or number of turns of the excitation and/or sensor cols may be modulated near the -90°
and +90° regions so that the net detected amplitude (e.g. Ao in Equation 1) remains a sufficiently constant figure across
angle. This avoids having dips in amplitude at these angles which can cause poor resolution, or peaks which must be
accommodated in the system’s dynamic range, requiring a reduction in amplitude and hence lower resolution elsewhere.
[0091] In the example system described above, the target 7 was built using wound ferrite rods 9, which acted as field
concentrating members. Alternative field concentrating materials may be used to suit the application, for example layers
of spin melt ribbon from Vacuumschmelze which allow for a low-profile wound component, with thicknesses smaller than
are possible with ferrite due to greater toughness. Similarly, the field concentrating members described above were
generally long and thin, for example rod shaped. This is not necessary, for example they may be made with bulges at
their ends to increase coupling.
[0092] Further, a field concentrating member may be eliminated altogether by using wound coils alone as the inductive
component of the resonant target 7. Figure 19 shows one possible configuration of coils 10a and 10b that could be used
with the sensor coils 25 and excitation coil 23 shown in Figure 16. As shown, a target coil 10 is wound on two sides of
the target axis, with the right hand side having a coil 10a that has the equivalent function to ferrite rod 9a and the left
hand side having a coil 10b that has equivalent function to ferrite rod 9b of Figure 16. As shown, each of the coils 10a
and 10b is formed from an inner coil portion 10a-1, 10b-1 and an outer coil portion 10a-2, 10b-2 that are connected
together in a figure of eight arrangement. The inner coil portions 10a-1, 10b-1 are designed to couple with the inner
sensor coils 25-1a and 25-2a and with the outer coil portions 10a-2, 10b-2 being arranged to couple with the outer sensor
coils 25-1 b and 25-2b. The right and left sensor coils may be connected in series with a capacitor to form a resonant
circuit as before. Instead of using figure of eight coils 10a and 10b, a single coil may be provided on each side of the
target 7, but with one coil (for example coil 10a) being arranged to couple only with the excitation coil 23 and the inner
sensor coil portions 25-1a and 25-2a and with the other coil (for example coil 10b) being arranged to couple only with
the excitation coil 23 and the outer sensor coil portions 25-1 b and 25-2b.
[0093] Further, instead of using a resonant target 7, simple ferrite rods 9 may be used instead of the wound rods
shown in Figure 16. Such an arrangement is illustrated in Figure 20. As shown, ferrite rod 9a is positioned to extend
between the excitation coil 23 and the inner sensor coils 25-1a and 25-2a and the ferrite rod 9b is positioned to extend
between the excitation coil 23 and the outer sensor coils 25-1b and 25-2b. Thus the rods 9 function in a similar manner
to that of the wound rods of the example system - except that the system has to perform excitation and detection at the
same time since the target 7 is not now resonant.
[0094] In the example system described above the coils 10 of the resonant target were generally aligned along a line
intersecting the rotation axis 53. They may instead be twisted as illustrated Figure 21. Benefits of this alternative include
a smaller radial extent 95 of the ferrites 9 and/or coils 10. The inner sensor coils 25-1a and 25-2a shown in Figure 21
have not been rotated relative to the outer ones to match the angular displacement of the ferrite rod 9 ends, but this
could be done to improve immunity to misalignment and increase signal amplitudes slightly.
[0095] All the systems described above used flat sensors extending in a plane perpendicular to the rotation axis 53,
and the axes of the ferrite rods 9 were parallel to the same plane. Instead, the ferrite rods 9 may be placed parallel to
the rotation axis 53, with the sensor board 1 curved around the rotation axis 53 in the manner illustrated in Figures 22a
and 22b. Figure 22a is a view of the sensor taken along the line Q-Q shown in Figure 22b; and Figure 22b is a cross-
section of the sensor along the line P-P shown in Figure 22a. The sensor board 1 may be implemented on a thin rigid
PCB or flexi PCB, curved into the required shape during an assembly operation and attached to a holder (not shown)
to maintain its shape. A possible coil pattern (shown flat for ease of illustration) is shown schematically in Figure 22c.
The operation of this sensor is equivalent to the one shown in Figure 16, with the upper sensor coil portions 25-1a and
25-2a corresponding to the inner sensor coil portions of Figure 16 and with the lower sensor coil portions 25-1 b and
25-2b corresponding to the outer sensor coil portions of Figure 16. The excitation coil 23 drives the resonant target 7
that includes winding 10a in series with winding 10b and connected to a capacitor as before. Locations R1-C and R2-
C have the same polarity of magnetic potential as locations R1-B and R2-B powered by the excitation coil 23; and
locations R1-A and R2-A have the opposite polarity. As before, the target windings 10 are connected so that when the
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target angle (θ) is such that both windings 10 couple to the excitation coil 23, the EMF induced in each target winding
10 from the excitation coil 23 is in the same direction, to ensure that the resonant target 7 is powered at all angles,
preferably with substantially the same amplitude. One of the useful consequences of this arrangement is that the magnetic
dipoles generated by resonator current flowing through each ferrite rod 9 and its winding 10 are in opposite directions,
so that the net dipole emission from the resonant target 7 is zero. The resonant target 7 is not susceptible to spurious
powering from far field interference for the same reason.
[0096] In the alternative illustrated in Figure 22, the target 7 comprised wound ferrite rods 9 that extended between
the upper and lower sensor coils 25 on the sensor board 1 and that had windings 10 that were offset in the z direction
in order to provide equal and opposite field polarity at the ferrite rod ends. Instead, the ferrite rods 9 may be shortened
as illustrated in Figure 23a and 23b. The ferrite rods 9 may be wound as before, and may be connected in series with
a capacitor to form a resonant circuit. Alternatively, they may be unwound as shown in Figure 23, with the electronic
processor exciting and detecting continuously.
[0097] The embodiments described above used excitation coils 23 that generate largely uniform magnetic fields along
the measuring direction the extent of the sensor, and the sensor coils 25 were patterned for a sinusoidal signal variation.
As those skilled in the art will appreciate, the functions of the excitation coil and of the sensor coils may be reversed. In
this case, two coils could be used to excite the target and one coil could be used to detect the signal back from the target
in response to the two excitations. Alternatively, both excitation and sensor coils may be patterned with sinusoidally
varying fields, each having a different periodicity. The reader is referred to WO98/58237 for details of how such reverse
operation may be achieved.
[0098] Figures 24 and 25 illustrate another embodiment for measuring the angle of a rotatable target 7, this time using
planar type coils. The target 7 comprises two windings 10a and 10b on ferrite rods 9a and 9b that are connected in
series. The windings 10 are connected so that magnetic field flows in the same direction from locations R1-A to R1-C
and from R2-A to R2-C. As before, the windings 10 are preferably connected to a capacitor to form a resonant circuit.
[0099] The reference angle for the measurement of the target angle (θ) is half way between the two target windings
10. As shown, the windings 10 are not diametrically opposite each other like they were in the example shown in Figure
16. Instead they are offset from the reference angle by a winding offset angle (δ) - which in this embodiment is 79°. The
wound ferrite rods 9 are also angled away from the axis of rotation by an inset angle (β) as shown. This means that the
angles A-A and C-C illustrated in Figure 30 are different. Angle A-A is approximately 180°, while angle C-C is approximately
135°.
[0100] The excitation coil 23 comprises an inner loop 23-1, middle loops 23-2 and an outer loop 23-3, all connected
in series. The direction of current flow in the outer loop 23-3 is the same as in the inner loop 23-1 and opposite in direction
to the current flow in the middle loops 23-2. This arrangement yields an excitation field that has a component along the
direction of both ferrite rods 9, in the same direction (from, for example, rod end R1-A to R1-C).
[0101] In this embodiment, there are four sensor windings 25 - a COS4 coil 25-7 and a SIN4 coil 25-8 that have four
sinusoidal repeats around 360° (of angular pitch 90°) and are positioned at a radius to couple with ferrite rod locations
R1-A and R2-A; and a COS3 coil 25-9 and a SIN3 coil 25-10 that have three sinusoidal repeats around 360° (of angular
pitch 120°) and are positioned at a radius to couple with ferrite rod locations R1-C and R2-C.
[0102] Magnetic field from ferrite rod 9b at location R2-A couples into the COS4 coil 25-7 and SIN4 coil 25-8 in the
same direction as magnetic field from ferrite rod 9a at location R1-A, because Angle A-A (180°) is an integer multiple of
the angular pitch of these sensor coils (90°). Magnetic field from target windings 10a and 10b make approximately equal
contributions to the signals induced in the COS4 coil 25-7 and the SIN4 coil 25-8.
[0103] Magnetic field from ferrite rod 9b at location R2-C couples into the COS3 coil 25-9 and SIN3 coil 25-10 in the
same direction as magnetic field from ferrite rod 9a at location R1-C, because Angle C-C (135°) is sufficiently close to
the angular pitch of these sensor windings (120°) for signals induced by locations R1-C and R2-C in the COS3 coil 25-9
and in the SIN3 coil 25-10 to reinforce one another. Magnetic field from target windings 10a and 10b make approximately
equal contributions to the signals induced in the COS3 coil 25-9 and the SIN3 coil 25-10. When R1-A is adjacent a
particular location R1-A’ above the outer SIN4 sensor coil 25-8 and the outer COS4 sensor coil 25-7, R1-C will be
adjacent a particular location R1-C’ above the inner COS3 sensor coil 25-9 and the inner SIN3 sensor coil 25-10. The
magnetic field potentials at those two target locations (R1-A and R1-C) are opposite since magnetic field enters near
one end, R1-A, say, and leaves at the other, R1-C, say. Thus the ferrite rod 9 modulates the coupling to each outer
sensor coil 25-7 and 25-8 (at location R1-A’) and each inner sensor coil (at location R1-C’), such that they are at opposite
phases. Now if the target 7 moves half the measuring range, 180°, such that R2-A is adjacent the same location R1-A’;
R2-C will be at a different location, R2-C’ say, because of the inclination (ß) of the ferrite rods 9. Locations R1-C’ and
R2-C’ are separated by half a repeat period of the inner sensor coils (SIN3 and COS3 coils), so that the magnetic coupling
from R2-C to the inner sensor coils is approximately equal and opposite to the magnetic coupling from R1-C to the inner
sensor coils. The result is that the magnetic coupling between the inner and outer sensor coils, when R1-A is adjacent
location R1-A’, is opposite to the magnetic coupling between the inner and outer sensor coils when R2-A is opposite
R1-A’. This relationship is a requirement for such a transducer having two sets of sensor coils having a number of
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sinusoidal repeats across a measuring range differing by one. Thus movement of the target 7 by half the measuring
range should: (i) cause the magnetic coupling from the target 7 to the sensor coils having an even number of repeats
to remain the same; and (ii) cause the magnetic coupling from the target 7 to the sensor coils having an odd number of
repeats to invert polarity.
[0104] An electronic processing circuit 31 (like that used in the first embodiment described above) detects the amplitude
of the signals induced by the target’s windings 10 in the COS3, SIN3, COS4 and SIN4 coils 25; and then calculates the
target angle modulo 90° (TAM90) from the COS4 and SIN4 amplitudes and the target angle modulo 120° (TAM120)
from the COS3 and SIN3 amplitudes.
[0105] The difference in these two angles, TAM120-TAM90, is used to determine coarse position which is absolute
over 360°. Fine position may be determined in a number of ways. It may be based on a weighted average of TAM90
and TAM120. The weighting may be adjusted to achieve best accuracy and/or immunity to misalignment.
[0106] In the example illustrated, TAM90 (calculated from the COS4 and the SIN4 signals) is largely immune to
misalignment of the target axis of rotation 53 and the sensor axis 51, since target windings 10a and 10b are on opposite
sides of the target axis 53 and contribute equal and opposite angular errors from any misalignment. TAM120 is similarly
immune to misalignment for the same reasons as the first and second embodiment described above. This is illustrated
in Figure 26, which shows the target portions labelled A-M, A-C and A-E and B-M, B-C and B-E corresponding to the
similar portions of the target used in Figure 7b. With this in mind, the weighting used favours TAM90 and TAM120
approximately equally for the system to achieve best immunity to misalignment.
[0107] The embodiment shown in Figure 24 and 25 has the useful additional feature that long ferrite rods 9 may be
used relative to the radial extent of the sensor board 1, since the rods 9 are angled by an inset angle (β). This feature
maintains compactness, while also yielding large signal levels which help achieve high signal to noise ratio and hence
resolution.
[0108] In the embodiments described above, ferrite rods and coils were provided on the target 7. These coils and/or
ferrite rods may be replaced with magnetic screens, for example plates of aluminium or areas of copper etched onto a
PCB. In this case, however and as with unwound ferrite rods, the electronic processing circuitry will need to excite and
detect continuously.
[0109] In the embodiment shown in Figures 24 and 25, the excitation coil 23 included inner, middle and outer loops.
Since each of those loops individually couples with the target windings 10, it is not necessary for them to all be present.
The excitation coil 23 can instead be formed by a subset of these loops, for example the middle loops 23-2 alone.
[0110] In the embodiment of Figures 24 and 25, the target 7 was designed with a winding offset angle, inset angle
and ferrite rod dimensions suitable to operate with outer sinusoidally patterned coils having a pitch of 90° and inner coils
having a pitch of 120°. The exact angles and pitches may be varied according to the application and its specifications,
for example to achieve maximum signal level, alignment immunity and accuracy.
[0111] The embodiment of Figures 24 and 25 used two wound ferrite rods 9, each positioned so that their net coupling
to the signals induced in the sensor coils 25 were non-zero. Different numbers of target windings 10 may be used. For
example, Figure 27 illustrates a target having three wound ferrite rods 9a, 9b and 9c (fixed relative to each other, but
rotatable together around the rotation axis 53). In this case Angle C-C is 120°, matching the pitch of the COS3/SIN3
sensor coils 25-9 and 25-10, so that all three ferrite locations R1-C, R2-C and R3-C couple with the COS3/SIN3 coils
25-9 and 25-10 in the same direction. The measurement of the target angle from this pair of coils, TAM120, is now the
one that is immune to misalignment between the sensor and target axes (51, 53), because these locations are the ones
symmetrically arranged around the circumference. Magnetic field from locations R1-A, R2-A and R3-A also combine to
yield a non-zero signal in the COS4/SIN4 sensor coils, so that an angle TAM90 may be calculated as before and used
to derive coarse position over 360° in combination with TAM120.
[0112] In all the embodiments described above, the sensor board 1 was fixed and the target moved relative to the
sensor board. In alternative embodiments, the sensor board may move as well as the target or the sensor board may
move alone and the target may be fixed.
[0113] In the above sensor designs, the excitation and sensor coils were formed as conductor tracks on a printed
circuit board. As those skilled in the art will appreciate the excitation and sensor coils may be formed using any conductive
material, such as conductive inks which can be printed on an appropriate substrate or conductive wire wound in the
appropriate manner. Additionally, it is not essential for the, or each, excitation coil and the, or each, sensor coil to be
mounted on the same member. For example, two separate printed circuit boards may be provided, one carrying the
excitation coil(s) and the other carrying the, or each, sensor coil.
[0114] In the above embodiments, the target included a resonator that was energised by driving the, or each, excitation
coil and a signal was generated in the, or each, sensor coil that varied with the position of the target relative to the sensor
board. As those skilled in the art will appreciate, the use of such a resonator is not essential. Other electromagnetic
devices may be used. For example, a short circuit coil, a metallic screen or a piece of ferrite may be used.
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Claims

1. A transducer for a rotary position sensor comprising:

one or more coils (25): i) each arranged along a circular measurement path centred about a sensor axis (51);
and ii) each extending between an inner radius (41) and an outer radius (43) of the measurement path; and
a target (7) that is arranged to magnetically couple with said one or more coils (25) so that signals are generated
that depend on the relative rotational position of the target (7) and the one or more coils (25); and characterised
in that
said target is asymmetric relative to the one or more coils (25) having first, second and third portions adjacent
the one or more coils; the first, second and third portions being circumferentially spaced apart from each other
around the circular measurement path and being arranged relative to a target axis (53) that is intended to be
aligned with the sensor axis (51): i) so that said first portion is positioned between said inner and outer radii
during the relative rotation of said target (7) and said one or more coils (25); and ii) so that said second and
third portions are positioned adjacent said inner radius (41) or said outer radius (43) during the relative rotation
of said target (7) and said one or more coils (25); and
said second and third portions of the target (7) are arranged on either side of the target axis (53) to compensate
for misalignments between the target axis (53) and the sensor axis (51).

2. A transducer according to claim 1, wherein the one or more coils (25) are arranged relative to said sensor axis (51)
so that the signals that are generated vary sinusoidally with said relative rotational position.

3. A transducer according to claim 1 or 2, wherein the target (7) comprises one or more of:

i) a plurality of windings (10) arranged on either side of said target axis (53);
ii) a plurality of wound magnetic members (9) arranged on either side of said target axis;
iii) a banana shaped coil (10); and
iv) air cored coils (10) arranged on either side of said target axis (53).

4. A transducer according to any of claims 1 to 3, wherein the target (7) comprises asymmetric windings (10) that have
an oval or an egg shape.

5. A transducer according to any of claims 1 to 4, wherein the target (7) comprises a resonator and wherein the
transducer comprises one or more excitation coils (23, 25) for energising the resonator and one or more sensor
coils (23, 25) in which said signals are generated.

6. A transducer according to claim 5, wherein said one or more coils (25) arranged relative to the sensor axis (51)
between an inner radius (41) and an outer radius (43) are at least one of: said one or more excitation coils and said
one or more sensor coils.

7. A transducer according to claim 5 or 6, wherein at least one of: i) the one or more excitation coils; and ii) the one
or more sensor coils; is patterned so that the magnetic coupling between the target (7) and the at least one of the
one or more excitation coils and the one or more sensor coils varies sinusoidally with said relative rotational position.

8. A transducer according to any of claims 1 to 7, wherein said coils (25) lie in a plane and said target (7) is arranged
to rotate in a plane that is parallel to the planar coils.

9. A transducer according to any of claims 1 to 8, wherein the target (7) comprises first and second elongate field
concentrating members (9) having a winding (10) thereon, wherein the winding (10) on each field concentrating
member (9) is offset from a central position of the corresponding field concentrating member (9).

10. A position sensor comprising a transducer according to any of claims 1 to 9 for generating signals that vary with the
relative position of the target (7) and the first and second coils and processing circuitry (31) that processes the
signals to determine said relative position.

11. A method of determining rotary position comprising:

providing one or more coils (25): i) each arranged along a circular measurement path centred on a sensor axis
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(51); and ii) each extending between an inner radius (41) and an outer radius (43) of the measurement path;
providing a target (7) that is asymmetric relative to the one or more coils (25) and having first, second and third
portions adjacent the one or more coils (25); the first, second and third portions being circumferentially spaced
apart from each other around the circular measurement path and being arranged relative to a target axis (53)
that is intended to be aligned with the sensor axis (51): i) so that said first portion is positioned between said
inner and outer radii during the relative rotation of said target (7) and said one or more coils (25); and ii) so that
said second and third portions are positioned adjacent said inner radius (41) or said outer radius (43) during
the relative rotation of said target (7) and said one or more coils (25);
causing said target (7) to magnetically couple with said one or more coils (25) to generate signals that depend
on the relative rotational position between the target (7) and the sensor coils (25);
processing the generated signals to determine said relative rotational position; and
compensating for misalignments between the target axis (53) and the sensor axis (51) by arranging said second
and third portions of the target (7) on either side of the target axis (53).

Patentansprüche

1. Wandler für einen Drehpositionssensor, der Folgendes umfasst:

eine oder mehrere Spulen (25): i) die jeweils entlang einem kreisförmigen Messweg angeordnet sind, der um
eine Sensorachse (51) herum zentriert ist; und ii) die jeweils zwischen einem Innenradius (41) und einem
Außenradius (43) des Messwegs verlaufen; und
ein Ziel (7), das zum magnetischen Koppeln mit den genannten ein oder mehreren Spulen (25) ausgelegt ist,
so dass Signale erzeugt werden, die von der relativen Drehposition des Ziels (7) und den ein oder mehreren
Spulen (25) abhängen; und dadurch gekennzeichnet, dass
das genannte Ziel relativ zu den ein oder mehreren Spulen (25) mit ersten, zweiten und dritten Abschnitten
neben den ein oder mehreren Spulen asymmetrisch ist; wobei der erste, zweite und dritte Abschnitt umfangs-
mäßig voneinander um den kreisförmigen Messpfad beabstandet und relativ zu einer Zielachse (53) angeordnet
sind, die mit der Sensorachse (51) ausgerichtet werden soll; i) so dass der genannte erste Abschnitt während
der relativen Rotation des genannten Ziels (7) und der genannten ein oder mehreren Spulen (25) zwischen
dem genannten Innen- und Außenradius positioniert ist; und ii) so dass der genannte zweite und dritte Abschnitt
während der relativen Rotation des genannten Ziels (7) und der genannten ein oder mehreren Spulen (25)
neben dem genannten Innenradius (41) oder dem genannten Außenradius (43) positioniert sind; und
der genannte zweite und dritte Abschnitt des Ziels (7) auf beiden Seiten der Zielachse (53) angeordnet sind,
um Fehlausrichtungen zwischen der Zielachse (53) und der Sensorachse (51) zu kompensieren.

2. Wandler nach Anspruch 1, wobei die ein oder mehreren Spulen (25) relativ zu der genannten Sensorachse (51) so
angeordnet sind, dass die erzeugten Signale sinusförmig mit der genannten relativen Drehposition variieren.

3. Wandler nach Anspruch 1 oder 2, wobei das Ziel (7) eines oder mehrere der Folgenden umfasst:

i) mehrere Windungen (10), die auf beiden Seiten der genannten Zielachse (53) angeordnet sind;
ii) mehrere gewundene Magnetelemente (9), die auf beiden Seiten der genannten Zielachse angeordnet sind;
iii) eine bananenförmige Spule (10); und
iv) Luftkernspulen (10), die auf beiden Seiten der genannten Zielachse (53) angeordnet sind.

4. Wandler nach einem der Ansprüche 1 bis 3, wobei das Ziel (7) asymmetrische Windungen (10) umfasst, die oval
oder eierförmig sind.

5. Wandler nach einem der Ansprüche 1 bis 4, wobei das Ziel (7) einen Resonator umfasst und wobei der Wandler
eine oder mehrere Erregerspulen (23, 25) zum Bestromen des Resonators und eine oder mehrere Sensorspulen
(23, 25) umfasst, in denen die genannten Signale erzeugt werden.

6. Wandler nach Anspruch 5, wobei die genannten ein oder mehreren Spulen (25), die relativ zu der Sensorachse
(51) zwischen einem Innenradius (41) und einem Außenradius (43) angeordnet sind, die genannten ein oder meh-
reren Erregerspulen und/oder die genannten ein oder mehreren Sensorspulen sind.

7. Wandler nach Anspruch 5 oder 6, wobei wenigstens eine der Folgenden: i) die ein oder mehreren Erregerspulen;
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ii) die ein oder mehreren Sensorspulen; so strukturiert sind, dass die magnetische Kopplung zwischen dem Ziel (7)
und der wenigstens einen aus einer oder mehreren Erregerspulen und einer oder mehreren Sensorspulen sinus-
förmig mit der genannten relativen Drehposition variiert.

8. Wandler nach einem der Ansprüche 1 bis 7, wobei die genannten Spulen (25) in einer Ebene liegen und das genannte
Ziel (7) zum Rotieren in einer Ebene ausgelegt ist, die parallel zu den planaren Spulen ist.

9. Wandler nach einem der Ansprüche 1 bis 8, wobei das Ziel (7) erste und zweite längliche Feldkonzentrierelemente
(9) mit einer Windung (10) darauf umfasst, wobei die Windung (10) auf jedem Feldkonzentrierelement (9) von einer
mittleren Position des entsprechenden Feldkonzentrierelements (9) versetzt ist.

10. Positionssensor, der einen Wandler nach einem der Ansprüche 1 bis 9 zum Erzeugen von Signalen, die mit der
relativen Position des Ziels (7) und der ersten und zweiten Spule variiert, und Verarbeitungsschaltung (31) umfasst,
die die Signale zum Ermitteln der genannten relativen Position verarbeitet.

11. Verfahren zum Ermitteln einer Drehposition, das Folgendes beinhaltet:

Bereitstellen von einer oder mehreren Spulen (25): i) die jeweils entlang einem kreisförmigen Messweg ange-
ordnet sind, der auf einer Sensorachse (51) zentriert ist; und ii) die jeweils zwischen einem Innenradius (41)
und einem Außenradius (43) des Messwegs verlaufen;
Bereitstellen eines Ziels (7), das relativ zu den ein oder mehreren Spulen (25) asymmetrisch ist und einen
ersten, zweiten und dritten Abschnitt neben den ein oder mehreren Spulen (25) hat; wobei der erste, zweite
und dritte Abschnitt umfangsmäßig voneinander um den kreisförmigen Messweg beabstandet und relativ zu
einer Zielachse (53) angeordnet sind, die mit der Sensorachse (51) ausgerichtet werden soll; i) so dass der
genannte erste Abschnitt während der relativen Rotation des genannten Ziels (7) und der genannten ein oder
mehreren Spulen (25) zwischen dem genannten Innen- und Außenradius positioniert ist; und ii) so dass der
genannte zweite und dritte Abschnitt während der relativen Rotation des genannten Ziels (7) und der genannten
ein oder mehreren Spulen (25) neben dem genannten Innenradius (41) oder dem genannten Außenradius (43)
positioniert sind;
Bewirken, dass das genannte Ziel (7) magnetisch mit den genannten ein oder mehreren Spulen (25) gekoppelt
wird, um Signale zu erzeugen, die von der relativen Drehposition zwischen dem Ziel (7) und den Sensorspulen
(25) abhängen;
Verarbeiten der erzeugten Signale, um die genannte relative Drehposition zu ermitteln; und
Kompensieren von Fehlausrichtungen zwischen der Zielachse (53) und der Sensorachse (51) durch Anordnen
des genannten zweiten und dritten Abschnitts des Ziels (7) auf beiden Seiten der Zielachse (53).

Revendications

1. Transducteur pour un détecteur de position rotatif, comprenant :

une ou plusieurs bobines (25) : i) chacune étant agencée le long d’un trajet de mesure circulaire centré autour
d’un axe de détecteur (51) ; et ii) chacune se prolongeant entre un rayon interne (41) et un rayon externe (43)
du trajet de mesure ; et
une cible (7) qui est agencée de façon à s’accoupler magnétiquement avec lesdites une ou plusieurs bobines
(25) de sorte que des signaux sont générés lesquels dépendent de la position relative en rotation de la cible
(7) et desdites une ou plusieurs bobines (25) ; et caractérisé en ce que
ladite cible est asymétrique par rapport auxdites une ou plusieurs bobines (25) possédant des première, deuxiè-
me et troisième portions adjacentes auxdites une ou plusieurs bobines ; les première, deuxième et troisième
portions étant espacées les unes des autres sur le plan circonférentiel autour du trajet de mesure circulaire et
étant agencées par rapport à un axe de cible (53) qui est censé être aligné avec l’axe de détecteur (51) : i) de
sorte que ladite première portion est positionnée entre lesdits rayons interne et externe pendant la rotation
relative de ladite cible (7) et lesdites une ou plusieurs bobines (25) ; et ii) de sorte que lesdites deuxième et
troisième portions sont positionnées de manière adjacente audit rayon interne (41) ou audit rayon externe (43)
pendant la rotation relative de ladite cible (7) et desdites une ou plusieurs bobines (25) ; et
lesdites deuxième et troisième portions de la cible (7) sont agencées sur chaque côté de l’axe de cible (53) afin
de compenser les mauvais alignements entre l’axe de cible (53) et l’axe de détecteur (51).
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2. Transducteur selon la revendication 1, lesdites une ou plusieurs bobines (25) étant agencées par rapport audit axe
de détecteur (51), de sorte que les signaux qui sont générés varient sinusoïdalement avec ladite position relative
en rotation.

3. Transducteur selon la revendication 1 ou 2, la cible (7) comprenant un ou plusieurs des postes suivants :

i) une pluralité d’enroulements (10) lesquels sont agencés sur chaque côté dudit axe de cible (53) ;
ii) une pluralité d’éléments magnétiques enroulés (9) lesquels sont agencés sur chaque côté dudit axe de cible ;
iii) une bobine en forme de banane (10) ; et
iv) des bobines à noyau d’air (10) lesquelles sont agencées de chaque côté dudit axe de cible (53).

4. Transducteur selon l’une quelconque des revendications 1 à 3, la cible (7) comprenant des enroulements asymé-
triques (10) qui ont une forme ovale ou ovoïde.

5. Transducteur selon l’une quelconque des revendications 1 à 4, la cible (7) comprenant un résonateur, et le trans-
ducteur comprenant une ou plusieurs bobines d’excitation (23, 25) pour exciter le résonateur et une ou plusieurs
bobines de détecteur (23, 25) dans lesquelles lesdits signaux sont générés.

6. Transducteur selon la revendication 5, lesdites une ou plusieurs bobines (25), agencées par rapport à l’axe de
détecteur (51) entre un rayon interne (41) et un rayon externe (43), étant au moins l’un des postes suivantes :
lesdites une ou plusieurs bobines d’excitation et lesdites une ou plusieurs bobines de détecteur.

7. Transducteur selon la revendication 5 ou 6, au moins l’un des postes suivants : i) lesdites une ou plusieurs bobines
d’excitation ; et ii) lesdites une ou plusieurs bobines de détecteur ; comportant un motif de sorte que l’accouplement
magnétique entre la cible (7) et ladite au moins une bobine parmi lesdites une ou plusieurs bobines d’excitation et
lesdites une ou plusieurs bobines de détecteur, varie sinusoïdalement avec ladite position relative en rotation.

8. Transducteur selon l’une quelconque des revendications 1 à 7, lesdites bobines (25) se situant dans un plan, et
ladite cible (7) étant agencée de façon à tourner dans un plan qui est parallèle aux bobines planaires.

9. Transducteur selon l’une quelconque des revendications 1 à 8, la cible (7) comprenant des premier et deuxième
éléments de concentration de champ allongés (9), lesquels possèdent un enroulement (10) sur ceux-ci, cas dans
lequel l’enroulement (10) sur chaque élément de concentration de champ (9) est décalé par rapport à une position
centrale de l’élément de concentration de champ correspondant (9).

10. Détecteur de position comprenant un transducteur selon l’une quelconque des revendications 1 à 9 pour générer
des signaux qui varient avec la position relative de la cible (7), et les première et deuxième bobines et les circuits
de traitement (31) qui traitent les signaux afin de déterminer ladite position relative.

11. Procédé de détermination d’une position rotative, comprenant les opérations consistant à :

mettre à disposition une ou plusieurs bobines (25) : i) chacune étant agencée le long d’un trajet de mesure
circulaire centré sur un axe de détecteur (51) ; et ii) chacune se prolongeant entre un rayon interne (41) et un
rayon externe (43) du trajet de mesure ;
mettre à disposition une cible (7) qui est asymétrique par rapport auxdites une ou plusieurs bobines (25) et
possédant des première, deuxième et troisième portions adjacentes auxdites une ou plusieurs bobines (25) ;
les première, deuxième et troisième portions étant espacées les unes des autres sur le plan circonférentiel
autour du trajet de mesure circulaire et étant agencées par rapport à un axe de cible (53) qui est censé être
aligné avec l’axe de détecteur (51) : i) de sorte que ladite première portion est positionnée entre lesdits rayons
interne et externe pendant la rotation relative de ladite cible (7) et lesdites une ou plusieurs bobines (25) ; et ii)
de sorte que lesdites deuxième et troisième portions sont positionnées de manière adjacente audit rayon interne
(41) ou audit rayon externe (43) pendant la rotation relative de ladite cible (7) et desdites une ou plusieurs
bobines (25) ;
obliger ladite cible (7) à s’accoupler magnétiquement avec lesdites une ou plusieurs bobines (25) afin de générer
des signaux qui dépendent de la position relative en rotation entre la cible (7) et les bobines de détecteur (25) ;
traiter les signaux générés afin de déterminer ladite position relative en rotation ; et
compenser les mauvais alignements entre l’axe de cible (53) et l’axe de détecteur (51) grâce à l’agencement
desdites deuxième et troisième portions de la cible (7) sur chaque côté de l’axe de cible (53).
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