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ROTATION ANGLE SENSOR AND
CORRECTION METHOD FOR THE SAME

[0001] The present application is based on Japanese patent
application No. 2016-041101 filed on Mar. 3, 2016, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a rotation angle sensor and
a correction method for the rotation angle sensor.

[0004] 2. Description of the Related Art

[0005] A rotation angle sensor using a ring magnet and a
magnetic field sensor (magnetic sensor) is known (see e.g.,
JP-B-5434850 and JP-A-2014-219312). The rotation angle
sensor is used as e.g. a steering angle sensor mounted on a
vehicle to detect steering angles of a steering wheel.
[0006] The ring magnet of the rotation angle sensors is
disposed around a rotating shaft, whose rotation angle is
detected, so as to be integrally rotated with the rotating shaft.
In general, the ring magnet used here is magnetized so as to
have plural magnetic poles with different polarities arranged
in a circumferential direction.

[0007] The magnetic field sensor is placed so as to face the
ring magnet in a radial direction of the rotating shaft and is
configured to detect magnetic field strengths in radial and
tangent directions of the rotating shaft.

[0008] The rotation angle sensor is configured to deter-
mine the rotation angle of the rotating shaft based on the
magnetic field strength in the radial and tangent directions
detected by the magnetic field sensor.

SUMMARY OF THE INVENTION

[0009] The ring magnet used for rotation angle sensor is
manufactured such that a ring-shaped magnet raw material
is placed on a jig having plural electromagnets arranged at
equal intervals in a circumferential direction and is magne-
tized by strong magnetic fields of the electromagnets.
[0010] If, in the manufacture, the accuracy of the jig (i.e.,
positional accuracy of the electromagnets) used to magne-
tize the ring magnet is insufficient or there is misalignment
between the magnet raw material and the jig at the time of
magnetization, the position (or interval) of the magnetic
poles on the manufactured magnetic ring may be mis-
aligned.

[0011] The misalignment of the magnetic poles on the ring
magnet may cause an error in a detected rotation angle.
[0012] The misalignment of the magnetic poles on the ring
magnet is unavoidable in the manufacture. Thus, it is desired
that the rotation angle sensor can detect a rotation angle with
high accuracy even when the magnetic pole on the ring
magnet is misaligned.

[0013] Itis an object of the invention to provide a rotation
angle sensor that can detect a rotation angle with high
accuracy, as well as a correction method for the rotation
angle sensor.

[0014] According to an embodiment of the invention, a
rotation angle sensor comprises:

[0015] a ring magnet that is provided around a rotating
shaft subjected to rotation angle detection so as to be
integrally rotated with the rotating shaft and is magnetized
s0 as to have not less than one pair of magnetic poles with
different polarities arranged in a circumferential direction;

Sep. 7, 2017

[0016] a magnetic field sensor that is provided so as to face
the ring magnet in a radial direction of the rotating shaft and
detects magnetic field strengths in radial and tangent direc-
tions of the rotating shaft;

[0017] a rotation angle calculation section that calculates
a rotation angle of the rotating shaft based on the magnetic
field strengths detected by the magnetic field sensor;
[0018] a correction value storage section that stores cor-
rection values preliminarily set for each magnetic pole, or
each pair of magnetic poles, facing the magnetic field
sensor;

[0019] afacing magnetic pole detecting means that detects
the magnetic pole or the pair of magnetic poles facing the
magnetic field sensor; and

[0020] a rotation angle correcting section that refers to the
correction value storage section, extracts correction values
corresponding to the magnetic pole or the pair of magnetic
poles detected by the facing magnetic pole detecting means,
and corrects a rotation angle calculated in the rotation angle
calculation section by using the extracted correction values.
[0021] According to an embodiment of the invention, a
correction method for a rotation angle sensor, wherein the
rotation angle sensor comprises a ring magnet that is pro-
vided around a rotating shaft subjected to rotation angle
detection so as to be integrally rotated with the rotating shaft
and is magnetized so as to have not less than one pair of
magnetic poles with different polarities arranged in a cir-
cumferential direction, a magnetic field sensor that is pro-
vided so as to face the ring magnet in a radial direction of
the rotating shaft and detects magnetic field strengths in
radial and tangent directions of the rotating shaft, and a
rotation angle calculation section that calculates a rotation
angle of the rotating shaft based on the magnetic field
strengths detected by the magnetic field sensor, comprises:
[0022] preliminarily setting correction values for each
magnetic pole, or each pair of magnetic poles, facing the
magnetic field sensor; and

[0023] detecting the magnetic pole or the pair of magnetic
poles facing the magnetic field sensor and correcting a
rotation angle calculated by the rotation angle calculation
section by using correction values corresponding to the
detected magnetic pole or the detected pair of magnetic
poles.

Effects of the Invention

[0024] According to an embodiment of the invention, a
rotation angle sensor can be provided that can detect a
rotation angle with high accuracy, as well as a correction
method for the rotation angle sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Next, the present invention will be explained in
more detail in conjunction with appended drawings,
wherein:

[0026] FIG. 1 is an illustration diagram showing a rotation
angle sensor in an embodiment of the present invention;
[0027] FIG. 2 is an illustration diagram showing a signal
flow in the rotation angle sensor;

[0028] FIG. 3 is a flowchart showing a control flow in the
rotation angle sensor;

[0029] FIG. 4 is a flowchart showing a procedure to
determine correction values;
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[0030] FIG. 5 is a graph showing an example of a relation
between a rotation angle and an error;

[0031] FIG. 6A is a graph showing data extracted from
FIG. 5 in an angular range of 0 to 90°;

[0032] FIG. 6B is a graph showing an approximate line of
the extracted data;

[0033] FIG. 6C is a graph in which a horizontal axis
indicates values obtained by multiplying the rotation angles
in FIG. 6B by a correction coefficient;

[0034] FIG. 6D is a graph in which a horizontal axis
indicates values obtained by further adding a correction
intercept to FIG. 6D; and

[0035] FIG. 7 is a graph in which a horizontal axis
indicates rotation angles after making a correction in each
angular range of FIG. 5.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment

[0036] An embodiment of the invention will be described
below in conjunction with the appended drawings.

[0037] FIG.1 is an illustration diagram showing a rotation
angle sensor in the present embodiment, and FIG. 2 is an
illustration diagram showing a signal flow in the rotation
angle sensor.

[0038] As shown in FIGS. 1 and 2, a rotation angle sensor
1 is provided with a ring magnet 3 to be provided around a
rotating shaft 2 subjected to rotation angle detection in such
a manner as to integrally rotate with the rotating shaft 2, a
magnetic field sensor 4 for detecting a magnetic field from
the ring magnet 3, and a calculation unit 5 for calculating a
rotation angle of the rotating shaft 2 based on output from
the magnetic field sensor 4.

[0039] The rotating shaft 2 is, e.g., a vehicle steering shaft
and the rotation angle sensor 1 is, e.g., a steering angle
sensor for detecting a steering angle of a steering wheel
which is coupled to the steering shaft. However, the intended
use of the rotation angle sensor 1 is not limited to the
steering angle sensor.

[0040] The ring magnet 3 is formed in a hollow cylindrical
shape which has a substantially rectangular cross section
when taken in a direction perpendicular to a circumferential
direction thereof. The ring magnet 3 is magnetized so as to
have not less than one pair of magnetic poles 6 with different
polarities (each pair consisting of an N-pole 6a and an
S-pole 6b) arranged in the circumferential direction, such
that the N-pole(s) 6a and the S-pole(s) 65 are alternately
arranged at equal intervals in the circumferential direction.
Although the example of using the ring magnet 3 having
four pairs of magnetic poles 6 (four N-poles 6a and four
S-poles 65) will be described in the embodiment, the number
of pairs of magnetic poles 6 on the ring magnet 3 is not
limited thereto. In addition, a pair of magnetic poles 6 in the
following description means a pair of N-pole 6a and S-pole
65 adjacent in the circumferential direction.

[0041] The magnetic field sensor 4 is mounted on a
substrate 7 and is positioned to face the ring magnet 3 in a
radial direction of the rotating shaft 2. In other words, the
magnetic field sensor 4 is positioned to face an outer
peripheral surface of the ring magnet 3. The magnetic field
sensor 4 is fixed to a non-rotating member which does not
rotate with rotation of the rotating shaft 2.
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[0042] The magnetic field sensor 4, which can detect
magnetic field strengths at least in the radial direction
(X-direction in FIG. 1) and a tangent direction (Y-direction
in FIG. 1) of the rotating shaft 2, is used to detect a magnetic
field from the ring magnet 3 facing thereto. In this example,
a 3-axis magnetic field sensor which can detect magnetic
field strengths in three directions, the radial direction (X-di-
rection in FIG. 1), the tangent direction (Y-direction in FIG.
1) and an axial direction (Z-direction in FIG. 1) of the
rotating shaft 2, is used as the magnetic field sensor 4 so that
a magnetic field generated by a sliding magnet 14 (described
later) can be also detected. As the magnetic field sensor 4, it
is possible to use, e.g., a Hall IC which detects magnetic
field strength using the Hall effect.

[0043] The calculation unit 5 is mounted on an electronic
control unit (ECU) of a vehicle and is realized by appropri-
ately combining CPU, memory, software and interface, etc.

[0044] The calculation unit 5 has a rotation angle calcu-
lation section 10 which calculates a rotation angle of the
rotating shaft 2 based on the magnetic field strength detected
by the magnetic field sensor 4. The details of the rotation
angle calculation section 10 will be described later.

[0045] In the present embodiment, the ring magnet 3
having four pairs of magnetic poles 6 is used. Therefore,
when the rotating shaft 2 is rotated one revolution, magnetic
field strength detected by the magnetic field sensor 4 peri-
odically changes every 90 degrees of angular range which is
an angle derived by dividing 360° by four (the number of
pairs of magnetic poles 6), as long as the magnetic poles 6
are precisely arranged at equal intervals.

[0046] However, if the positions (intervals) of the mag-
netic poles 6 on the ring magnet 3 are misaligned (are not
precise), an angular range corresponding to one period for
detecting magnetic field strength by the magnetic field
sensor 4 is greater or narrower than 90° and this causes an
error in a detected rotation angle.

[0047] Therefore, in the present embodiment, correction
values (correction coefficient and correction intercept, the
details will be described later) corresponding to the mis-
alignment of the magnetic pole 6 is preset for each magnetic
pole 6 or each pair of magnetic poles 6 and a rotation angle
is corrected by using correction values corresponding to the
magnetic pole 6 which is facing the magnetic field sensor 4,
so that an error in rotation angle due to misalignment of the
magnetic poles 6 is reduced.

[0048] In more detail, the rotation angle sensor 1 in the
present embodiment is provided with a correction value
storage section 11, a facing magnetic pole detecting means
12 and a rotation angle correcting section 13. The correction
value storage section 11 stores correction values preliminar-
ily set for each magnetic pole 6, or each pair of magnetic
poles 6, facing the magnetic field sensor 4. The facing
magnetic pole detecting means 12 detects the magnetic pole
6, or the pair of magnetic poles 6, which is facing the
magnetic field sensor 4. The rotation angle correcting sec-
tion 13 extract, from the correction value storage section 11,
correction values corresponding to the magnetic pole 6 or
the pair of magnetic poles 6 detected by the facing magnetic
pole detecting means 12 and corrects a rotation angle
calculated in the rotation angle calculation section 10 using
the extracted correction values.
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[0049] Facing Magnetic Pole Detecting Means 12

[0050] The facing magnetic pole detecting means 12 is
provided to detect which magnetic pole 6, or which pair of
magnetic poles 6, on the ring magnet 3 is facing the
magnetic field sensor 4.

[0051] In the present embodiment, the facing magnetic
pole detecting means 12 has the sliding magnet 14 gener-
ating a magnetic field in the axial direction (Z-direction)
toward the magnetic field sensor 4, a sliding mechanism 15
for moving the sliding magnet 14 in a direction toward or
away from the magnetic field sensor 4 along with the
rotation of the rotating shaft 2, and a facing magnetic pole
detection section 16 for detecting the magnetic pole 6 or the
pair of magnetic poles 6 facing the magnetic field sensor 4
based on the magnetic field strength in the axial direction
(Z-direction) detected by the magnetic field sensor 4.
[0052] The sliding magnet 14 is arranged to face the
magnetic field sensor 4 in the axial direction (Z-direction).
The sliding magnet 14 has a bar shape along the axial
direction (Z-direction) and is arranged so that magnetic
poles with different polarities (an N-pole 14a and an S-pole
145) are aligned in the axial direction (Z-direction). In this
configuration, the magnetic field sensor 4 does not sense
magnetic fields in the X- and Y-directions from the sliding
magnet 14. In the present embodiment, the sliding magnet
14 is arranged so that the N-pole 144 faces the magnetic field
sensor 4.

[0053] The sliding mechanism 15 is provided to move the
sliding magnet 14 in the axial direction (Z-direction) along
with the rotation of the rotating shaft 2. The sliding mecha-
nism 15 has a slider 18 as a support member for supporting
the sliding magnet 14, and a slide driving member 17 as an
annular member which rotates with the rotating shaft 2 and
has a helical engaging portion 171 formed on the outer
peripheral surface and engaged with the slider 18. The
sliding mechanism 15 may have a guide member fixed to the
non-rotating member around the rotating shaft 2 to guide the
slider 18, even though it is not shown in the drawing. The
slide driving member 17 and the slider 18 are formed of,
e.g., a non-magnetic metal such as aluminum or austenitic
stainless steel, or a non-magnetic material such as hard resin.
[0054] The engaging portion 171 is formed by providing
a single helical groove on the outer peripheral surface of the
slide driving member 17. The engaging portion 171 is
formed in an area in which the sliding magnet 14 can be
moved in the direction toward or away from the magnetic
field sensor 4 by engagement of the engaging portion 171
with the slider 18 also when a steering wheel is rotated to the
maximum right and left steering angle.

[0055] The slider 18 has an annular ring portion 181 and
a support portion 182. The ring portion 181 has a slider-side
engaging portion (not shown) which is formed on an inner
peripheral surface and is engaged with the engaging portion
171 of the slide driving member 17. The support portion 182
protrudes radially outward from a circumferential portion of
the ring portion 181 and supports the sliding magnet 14. If
the slide driving member 17 rotates together with the
rotating shaft 2, the slider 18 moves vertically due to
engagement of the engaging portion 171 with the slider-side
engaging portion. If the sliding magnet 14 supported by the
slider 18 moves downward together with the slider 18, a
distance between the sliding magnet 14 and the magnetic
field sensor 4 is reduced and the magnetic field strength in
the Z-direction detected by the magnetic field sensor 4
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increases. On the other hand, if the sliding magnet 14 moves
upward together with the slider 18, the distance between the
sliding magnet 14 and the magnetic field sensor 4 is
increased and the magnetic field strength in the Z-direction
detected by the magnetic field sensor 4 decreases.

[0056] Based on the magnetic field strength in the Z-di-
rection detected by the magnetic field sensor 4, the facing
magnetic pole detection section 16 detects which magnetic
pole 6, or which pair of magnetic poles 6, on the ring magnet
3 is facing the magnetic field sensor 4. In the present
embodiment, the facing magnetic pole detection section 16
is configured to detect a pair of magnetic poles facing the
magnetic field sensor 4. The facing magnetic pole detection
section 16 is mounted on the calculation unit 5.

[0057] In addition, the facing magnetic pole detection
section 16 in the present embodiment is configured to also
detect a rotation period defined as how many times a
periodic change in the magnetic field strength detected by
the magnetic field sensor 4 occurs from the reference posi-
tion as a reference of the rotation angle of the rotating shaft
2. In other words, in the present embodiment, the facing
magnetic pole detection section 16 is configured to detect
both the pair of magnetic poles 6 facing the magnetic field
sensor 4 and the rotation period. Since the rotation period
corresponds to the pair of magnetic poles 6 facing the
magnetic field sensor 4, it is possible to know the pair of
magnetic poles 6 facing the magnetic field sensor 4 by
detecting the rotation period.

[0058] Rotation Angle Calculation Section 10

[0059] The rotation angle calculation section 10 has a
relative rotation angle calculation portion 10a and an abso-
lute rotation angle calculation portion 105.

[0060] The magnetic field sensor 4 is arranged to face the
outer peripheral surface of the ring magnet 3. Therefore,
when the ring magnet 3 rotates, the N-pole 64 and the S-pole
65 on the ring magnet 3 alternately faces the magnetic field
sensor 4. As a result, magnetic field strengths in the X- and
Y-directions change periodically. In this example, since four
pairs of N-pole 6a and S-pole 65 are provided on the ring
magnet 3, a change period (the rotation period) of the
magnetic field strengths in the X- and Y-directions is 90°
(x45°) as long as all magnetic poles 6 are precisely arranged
at equal intervals.

[0061] The relative rotation angle calculation portion 10a
is configured to calculate a relative rotation angle within an
angular range in which a given magnetic pole 6 or a given
pair of magnetic poles 6 faces the magnetic field sensor 4,
based on the magnetic field strengths in the X- and Y-di-
rections detected by the magnetic field sensor 4. In this
example, the relative rotation angle calculation portion 10a
is configured to obtain a relative rotation angle within an
angular range in which a given pair of magnetic poles 6
faces the magnetic field sensor 4, i.e., within a range of 90°,
by using the following equation (1):

0=tan~!(By/Bx) 1)

where Bx is magnetic field strength in the X-direction and
By is magnetic field strength in the Y-direction.

[0062] The absolute rotation angle calculation portion 105
is provided to calculate an absolute rotation angle from the
reference position of the rotating shaft 2, based on the
rotation period detected by the facing magnetic pole detec-
tion section 16 of the facing magnetic pole detecting means
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12 and a relative rotation angle 6 calculated in the relative
rotation angle calculation portion 10a.

[0063] In the present embodiment, since the relative rota-
tion angle 6 calculated in the relative rotation angle calcu-
lation portion 10q is corrected by the rotation angle correct-
ing section 13 (the details will be described later), the
absolute rotation angle calculation portion 105 is configured
to calculate an absolute rotation angle © from the reference
position of the of the rotating shaft 2 by using the following
equation (2) based on a relative rotation angle 0s corrected
by the rotation angle correcting section 13 and the rotation
period n detected by the facing magnetic pole detection
section 16.

O=0s5+1x90 2)

The absolute rotation angle calculation portion 105 outputs
the obtained absolute rotation angle © to, e.g., an electric
power steering system of a vehicle.

[0064] Rotation Angle Correcting Section 13 and Correc-
tion Value Storage Section 11

[0065] The relative rotation angle 0 calculated in the
relative rotation angle calculation portion 10a of the rotation
angle calculation section 10 is based on the assumption that
each angular range in which a pair of magnetic poles 6 faces
the magnetic field sensor 4 is 90° (x45°). Therefore, if an
angular range in which a given pair of magnetic poles 6
faces the magnetic field sensor 4 is greater or narrower than
90°, there is an error between the calculated relative rotation
angle 0 and an actual rotation angle.

[0066] Therefore, in the present embodiment, the rotation
angle correcting section 13 is configured to correct the
relative rotation angle 0 calculated in the relative rotation
angle calculation portion 10a by using the correction values
stored in the correction value storage section 11. The rota-
tion angle correcting section 13 and the correction value
storage section 11 are mounted on the calculation unit 5.
[0067] In the present embodiment, correction values are
preliminarily set for each pair of magnetic poles 6 facing the
magnetic field sensor 4 and are stored in the correction value
storage section 11, and the rotation angle correcting section
13 is configured to extract correction values corresponding
to the pair of magnetic poles 6 facing the magnetic field
sensor 4 and to correct the relative rotation angle 6 calcu-
lated in the relative rotation angle calculation portion 10a by
using the extracted correction values.

[0068] In other words, in the present embodiment, mag-
netic field strength detected by the magnetic field sensor 4
periodically changes four times in one rotation of the
rotating shaft 2. Accordingly, correction values are set for
each of the four periods so that the relative rotation angle 6
is corrected according to the period in which the magnetic
field strength is detected by the magnetic field sensor 4.
[0069] Thus, the boundaries between angular ranges (the
boundaries between the periods), for each of which correc-
tion values are set, can be defined more easily as compared
to when correction values are set for each magnetic pole 6
facing the magnetic field sensor 4 (for each half of the
above-mentioned 4 periods), and it is possible to reduce an
error in rotation angle caused by an error in defining
boundaries between the angular ranges and thus possible to
obtain a rotation angle with higher accuracy. In addition, it
is possible to reduce the number of correction values to be
stores in the correction value storage section 11 of the
magnetic field sensor 4 as compared to when correction
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values are set for each magnetic pole 6 facing the magnetic
field sensor 4 (for each half of the above-mentioned 4
periods), allowing calculation of a rotation angle in the
rotation angle calculation section 10 to be performed more
easily. In case that the ring magnet has only one pair of
magnetic poles 6, it is desirable to set correction values for
each magnetic pole 6 facing the magnetic field sensor 4 (for
each 180° angular range).

[0070] In the present embodiment, based on a relation
between a rotation angle calculated in the rotation angle
calculation section 10 and an error as a difference of the
rotation angle from an actual rotation angle which is
obtained and then approximated by a straight line, a correc-
tion coefficient, which is set so that the approximate line has
a slope of 0, and a correction intercept, which is set so that
an intercept of the approximate line is O, are preliminarily set
for each angular range (each 90° angular range) in which a
pair of magnetic poles 6 faces the magnetic field sensor 4,
and are stored as the correction values in the correction value
storage section 11. A specific procedure to obtain the cor-
rection coefficient and the correction intercept will be
described later.

[0071] In the present embodiment, the rotation angle cor-
recting section 13 is configured to correct the relative
rotation angle 6 by multiplying the relative rotation angle 0
calculated in the relative rotation angle calculation portion
10a by the correction coefficient and then adding the cor-
rection intercept.

[0072] Now, a control flow in the rotation angle sensor 1
will be described in reference to FIG. 3.

[0073] As shown in FIG. 3, firstly, magnetic field strength
Bx in the X-direction (radial direction) and magnetic field
strength By in the Y-direction (tangent direction) are
detected by the magnetic field sensor 4 in Step S1.

[0074] Then, in Step S2, the relative rotation angle calcu-
lation portion 10a calculates a relative rotation angle 0 using
the equation (1) based on the magnetic field strengths Bx and
By detected in Step S1.

[0075] After that, in Step S3, magnetic field strength Bz in
the Z-direction (axial direction) is detected by the magnetic
field sensor 4. Following this, in Step S4, the facing mag-
netic pole detection section 16 of the facing magnetic pole
detecting means 12 detects the pair of magnetic poles 6
facing the magnetic field sensor 4 and the rotation period n.
Steps S1 and S2 may be processed in parallel to Steps S3 and
S4.

[0076] After that, in Step S5, the rotation angle correcting
section 13 extracts, from the correction value storage section
11, correction values (correction coefficient a and correction
intercept b) corresponding to the pair of magnetic poles 6
detected in Step S4 (the pair of magnetic poles 6 which is
facing the magnetic field sensor 4).

[0077] Then, in step S6, the rotation angle correcting
section 13 calculates a corrected relative rotation angle 0s by
multiplying the relative rotation angle 6 obtained in Step S2
by the correction coefficient a extracted in Step S5 and then
adding the correction intercept b.

[0078] Then, in Step S7, the absolute rotation angle cal-
culation portion 105 calculates an absolute rotation angle ©
from the reference position of the rotating shaft 2 using the
equation (2) based on the rotation period n obtained in Step
S4 and the corrected relative rotation angle Os obtained in
Step S6. The absolute rotation angle calculation portion 106
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outputs the calculated absolute rotation angle ® to, e.g., an
electric power steering system.

[0079] Correction Value Setting Procedure

[0080] Next, a procedure for setting correction values will
be described in reference to FIG. 4.

[0081] Prior to the procedure shown in FIG. 4, the rotation
angle sensor 1 is set up by attaching the ring magnet 3 to the
rotating shaft 2 and arranging the magnetic field sensor 4 in
position.

[0082] After that, as shown in FIG. 4, the rotating shaft 2
is rotated one revolution and the magnetic field strengths Bx
and By are detected by the magnetic field sensor 4 in Step
S11. At this time, the measured magnetic field strengths Bx
and By are associated with an actual rotation angle.
[0083] Then, a rotation angle ® is calculated by the
rotation angle calculation section 10 in Step S13. Any
correction is not made by the rotation angle correcting
section 13 at this stage.

[0084] Then, in Step S13, an error between the rotation
angle ® and the actual rotation angle is determined and a
relation between the rotation angle ® and the error is then
obtained. An example of the relation between the rotation
angle © and the error obtained in Step S13 is shown in FIG.
5.

[0085] Then, in Step S14, the relation between the rotation
angle © and the error obtained in Step S13 is divided by 90°
angular ranges (each of which corresponds to a pair of
magnetic poles 6), and the error in each angular range is
approximated by a straight line. FIG. 6A shows a graph
extracted from FIG. 5 and showing the relation between the
rotation angle ® and the error in an angular range of 0° to
90°, and FIG. 6B shows an approximate line L. obtained by
approximating the relation shown in FIG. 6A.

[0086] Then, in Step S15, the correction coefficient a, with
which the approximate line L of the error has a slope of 0,
is calculated for each angular range. FIG. 6C shows a graph
in which a horizontal axis indicates values obtained by
multiplying the relative rotation angle 6 of FIG. 6B by the
obtained correction coefficient a. When the value obtained
by multiplying the relative rotation angle 6 by the correction
coeflicient a is indicated by the horizontal axis, the approxi-
mate line L. of the error has a slope of 0 as shown in FIG. 6C.
In this example, the value of the correction coefficient a is
1.008.

[0087] Then, in Step S16, the correction intercept b, with
which an intercept of the approximate line L of the error is
0, is calculated for each angular range. FIG. 6D shows a
graph showing values obtained by further adding the cor-
rection intercept b to the horizontal axis of FIG. 6C. When
the value obtained by adding the correction intercept b is
indicated by the horizontal axis, the intercept of the approxi-
mate line L of the error is 0 as shown in FIG. 6D. In this
example, the value of the correction intercept b is —0.5°.
[0088] Through the above steps, the correction coeflicient
a and the correction intercept b are obtained for each angular
range. The obtained correction coefficient a and correction
intercept b are associated with an angular range (a pair of
magnetic poles 6 facing the magnetic field sensor 4) and are
stored in the correction value storage section 11.

[0089] FIG. 7 shows a graph in which a horizontal axis
indicates rotation angles corrected by the correction values
which are determined for each angular range (each 90°
angular range) in the example shown in FIG. 5. As under-
stood by comparing FIG. 5 and FIG. 7, an error (difference)
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from the actual rotation is reduced to very small by correc-
tion in the present embodiment and a rotation angle is
detected with high accuracy.

Functions and Effects of the Embodiment

[0090] As described above, the rotation angle sensor 1 in
the present embodiment is provided with the correction
value storage section 11 storing correction values prelimi-
narily set for each magnetic pole 6 or each pair of magnetic
poles 6 facing the magnetic field sensor 4, the facing
magnetic pole detecting means 12 for detecting the magnetic
pole 6 or the pair of magnetic poles 6 facing the magnetic
field sensor 4, and the rotation angle correcting section 13
which extract, from the correction value storage section 11,
correction values corresponding to the magnetic pole 6 or
the pair of magnetic poles 6 detected by the facing magnetic
pole detecting means 12 and corrects a rotation angle
calculated in the rotation angle calculation section 10 using
the extracted correction values.

[0091] Insuch a configuration, even when positions (inter-
vals) of the magnetic poles 6 on the ring magnet 3 are
misaligned, it is possible to make a correction based on the
misalignment of the magnetic poles 6 and it is thereby
possible to realize the rotation angle sensor 1 capable of
detecting a rotation angle with high accuracy. The rotation
angle sensor 1 can detect a rotation angle with high accuracy
and is thus suitable especially as a steering angle sensor
which is required to detect a steering angle with high
accuracy.

Summary of the Embodiments

[0092] Technical ideas understood from the embodiment
will be described below citing the reference numerals, etc.,
used for the embodiment. However, each reference numeral,
etc., described below is not intended to limit the constituent
elements in the claims to the members, etc., specifically
described in the embodiment.

[0093] [1] A rotation angle sensor (1), comprising: a ring
magnet (3) that is provided around a rotating shaft (2)
subjected to rotation angle detection so as to be integrally
rotated with the rotating shaft (2) and is magnetized so as to
have not less than one pair of magnetic poles (6) with
different polarities arranged in a circumferential direction; a
magnetic field sensor (4) that is provided so as to face the
ring magnet (3) in a radial direction of the rotating shaft (2)
and detects magnetic field strengths in radial and tangent
directions of the rotating shaft (2); a rotation angle calcu-
lation section (10) that calculates a rotation angle of the
rotating shaft (2) based on the magnetic field strengths
detected by the magnetic field sensor (4); a correction value
storage section (11) that stores correction values preliminar-
ily set for each magnetic pole (6), or each pair of magnetic
poles (6), facing the magnetic field sensor (4); a facing
magnetic pole detecting means (12) for detecting the mag-
netic pole (6), or the pair of magnetic poles (6), facing the
magnetic field sensor (4); and a rotation angle correcting
section (13) that refers to the correction value storage
section (11), extracts correction values corresponding to the
magnetic pole (6) or the pair of magnetic poles (6) detected
by the facing magnetic pole detecting means (12) and
corrects a rotation angle calculated in the rotation angle
calculation section (10) by using the extracted correction
values.
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[0094] [2] The rotation angle sensor (1) defined by [1],
wherein the rotation angle calculation section (10) com-
prises a relative rotation angle calculation portion (10a) for
calculating a relative rotation angle within an angular range
in which a given magnetic pole (6) or a given pair of
magnetic poles (6) faces the magnetic field sensor (4), and
the rotation angle correcting section (13) is configured to
correct the relative rotation angle calculated in the relative
rotation angle calculation portion (10a) by using the correc-
tion values.

[0095] [3] The rotation angle sensor (1) defined by [2],
wherein the correction value storage section (11) previously
stores an error relation between a rotation angle calculated
by the rotation angle calculation section (10) and an actual
rotation angle for each of the angular range, approximates
the relation by a straight line, and stores a correction
coeflicient and a correction intercept as the correction val-
ues, the correction coefficient being set such that the
approximate line has a slope of 0 and the correction intercept
being set such that an intercept of the approximate line is 0,
and

[0096] wherein the rotation angle correcting section (13) is
configured to correct the relative rotation angle by multi-
plying the relative rotation angle calculated by the relative
rotation angle calculation portion (10a) by the correction
coeflicient and adding the correction intercept.

[0097] [4] The rotation angle sensor (1) defined by [2] or
[3], wherein the facing magnetic pole detecting means (12)
is configured to detect a rotation period that defines what
number periodic change in the magnetic field strength
detected by the magnetic field sensor (4) from a reference
position as a reference of the rotation angle of the rotating
shaft (2), and

[0098] wherein the rotation angle calculation section (10)
comprises an absolute rotation angle calculation portion
(10a) that calculates a rotation angle from the reference
position of the rotating shaft (2) based on the rotation period
detected by the facing magnetic pole detecting means (12)
and the relative rotation angle corrected by the rotation angle
correcting section (13).

[0099] [5] The rotation angle sensor (1) defined by any one
of [1] to [4], wherein the correction value storage section
(11) preliminarily stores correction values for each pair of
magnetic poles (6) facing the magnetic field sensor (4),
[0100] wherein the facing magnetic pole detecting means
(12) is configured to detect the pair of magnetic poles (6)
facing the magnetic field sensor (4), and

[0101] wherein the rotation angle correcting section (13) is
configured to extract correction values corresponding to the
pair of magnetic poles (6) detected by the facing magnetic
pole detecting means (12) and to correct a rotation angle
calculated in the rotation angle calculation section (10) by
using the extracted correction values.

[0102] [6] A correction method for a rotation angle sensor
(1), wherein the rotation angle sensor (1) comprises: a ring
magnet (3) that is provided around a rotating shaft (2)
subjected to rotation angle detection so as to be integrally
rotated with the rotating shaft (2) and is magnetized so as to
have not less than one pair of magnetic poles (6) with
different polarities in a circumferential direction; a magnetic
field sensor (4) that is provided so as to face the ring magnet
(3) in a radial direction of the rotating shaft (2) and detects
magnetic field strengths in radial and tangent directions of
the rotating shaft (2); and a rotation angle calculation section
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(10) that calculates a rotation angle of the rotating shaft (2)
based on the magnetic field strengths detected by the mag-
netic field sensor (4), the method comprising: preliminarily
setting correction values for each magnetic pole (6) or each
pair of magnetic poles (6) facing the magnetic field sensor
(4); and detecting the magnetic pole (6) or the pair of
magnetic poles (6) facing the magnetic field sensor (4) and
correcting a rotation angle calculated by the rotation angle
calculation section (10) by using correction values corre-
sponding to the detected magnetic pole (6) or the detected
pair of magnetic poles (6).

[0103] [7] The method defined by [6], wherein the rotation
angle calculation section (10) comprises a relative rotation
angle calculation portion (10a) for calculating a relative
rotation angle within an angular range in which a given
magnetic pole (6) or a given pair of magnetic poles (6) faces
the magnetic field sensor (4), and

[0104] wherein the relative rotation angle calculated by
the relative rotation angle calculation portion (10a) is cor-
rected by using the correction values.

[0105] [8] The method defined by [7], further comprising:
previously storing an error relation between a relative rota-
tion angle calculated by the relative rotation angle calcula-
tion portion (10a) and an actual rotation angle for each
angular range, approximating the relation by a straight line,
and storing a correction coeflicient and a correction intercept
as the correction values, the correction coefficient being set
such that the approximate line has a slope of 0 and the
correction intercept being set such that an intercept of the
approximate line is 0; and

[0106] correcting the relative rotation angle by multiply-
ing the relative rotation angle calculated by the relative
rotation angle calculation portion (10a) by the correction
coeflicient and adding the correction intercept.

[0107] [9] The method defined by [7] or [8], further
comprising: detecting a rotation period that defines what
number periodic change in the magnetic field strength
detected by the magnetic field sensor (4) from a reference
position as a reference of the rotation angle of the rotating
shaft (2); and calculating a rotation angle from the reference
position of the rotating shaft (2) based on the detected
rotation period and the corrected relative rotation angle.
[0108] [10] The method defined by any one of [6] to [9],
comprising: preliminarily storing correction values for each
pair of magnetic poles (6) facing the magnetic field sensor
(4); detecting the pair of magnetic poles (6) facing the
magnetic field sensor (4); and correcting the rotation angle
calculated by the rotation angle calculation section (10) by
using the correction values corresponding to the detected
pair of magnetic poles (6).

[0109] Although the embodiment of the invention has
been described, the invention according to claims is not to
be limited to the embodiment. Further, please note that all
combinations of the features described in the embodiment
are not necessary to solve the problem of the invention.
[0110] The invention can be appropriately modified and
implemented without departing from the gist thereof.

What is claimed is:

1. A rotation angle sensor, comprising:

a ring magnet that is provided around a rotating shaft
subjected to rotation angle detection so as to be inte-
grally rotated with the rotating shaft and is magnetized
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so as to have not less than one pair of magnetic poles
with different polarities arranged in a circumferential
direction;

a magnetic field sensor that is provided so as to face the
ring magnet in a radial direction of the rotating shaft
and detects magnetic field strengths in radial and tan-
gent directions of the rotating shaft;

a rotation angle calculation section that calculates a
rotation angle of the rotating shaft based on the mag-
netic field strengths detected by the magnetic field
sensor;

a correction value storage section that stores correction
values preliminarily set for each magnetic pole, or each
pair of magnetic poles, facing the magnetic field sen-
sor;

a facing magnetic pole detecting means that detects the
magnetic pole or the pair of magnetic poles facing the
magnetic field sensor; and

a rotation angle correcting section that refers to the
correction value storage section, extracts correction
values corresponding to the magnetic pole or the pair of
magnetic poles detected by the facing magnetic pole
detecting means, and corrects a rotation angle calcu-
lated in the rotation angle calculation section by using
the extracted correction values.

2. The rotation angle sensor according to claim 1, wherein
the rotation angle calculation section comprises a relative
rotation angle calculation portion for calculating a relative
rotation angle within an angular range in which a given
magnetic pole or a given pair of magnetic poles faces the
magnetic field sensor, and

wherein the rotation angle correcting section is configured
to correct the relative rotation angle calculated by the
relative rotation angle calculation portion by using the
correction values.

3. The rotation angle sensor according to claim 2, wherein
the correction value storage section previously stores an
error relation between a rotation angle calculated by the
rotation angle calculation section and an actual rotation
angle for each of the angular range, approximates the
relation by a straight line, and stores a correction coefficient
and a correction intercept as the correction values, the
correction coefficient being set such that the approximate
line has a slope of 0 and the correction intercept being set
such that an intercept of the approximate line is 0, and

wherein the rotation angle correcting section is configured

to correct the relative rotation angle by multiplying the
relative rotation angle calculated by the relative rota-
tion angle calculation portion by the correction coeffi-
cient and adding the correction intercept.

4. The rotation angle sensor according to claim 2, wherein
the facing magnetic pole detecting means is configured to
detect a rotation period that defines what number periodic
change in the magnetic field strength detected by the mag-
netic field sensor from a reference position as a reference of
the rotation angle of the rotating shaft, and

wherein the rotation angle calculation section comprises

an absolute rotation angle calculation portion that cal-
culates a rotation angle from the reference position of
the rotating shaft based on the rotation period detected
by the facing magnetic pole detecting means and the
relative rotation angle corrected by the rotation angle
correcting section.
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5. The rotation angle sensor according to claim 1, wherein
the correction value storage section preliminarily stores
correction values for each pair of magnetic poles facing the
magnetic field sensor,

wherein the facing magnetic pole detecting means is
configured to detect the pair of magnetic poles facing
the magnetic field sensor, and

wherein the rotation angle correcting section is configured
to extract correction values corresponding to the pair of
magnetic poles detected by the facing magnetic pole
detecting means and to correct the rotation angle cal-
culated by the rotation angle calculation section by
using the extracted correction values.

6. A correction method for a rotation angle sensor,

wherein the rotation angle sensor comprises:

a ring magnet that is provided around a rotating shaft
subjected to rotation angle detection so as to be inte-
grally rotated with the rotating shaft and is magnetized
so as to have not less than one pair of magnetic poles
with different polarities arranged in a circumferential
direction;

a magnetic field sensor that is provided so as to face the
ring magnet in a radial direction of the rotating shaft
and detects magnetic field strengths in radial and tan-
gent directions of the rotating shaft; and

a rotation angle calculation section that calculates a
rotation angle of the rotating shaft based on the mag-
netic field strengths detected by the magnetic field
sensor,

the method comprising:

preliminarily setting correction values for each magnetic
pole, or each pair of magnetic poles, facing the mag-
netic field sensor; and

detecting the magnetic pole or the pair of magnetic poles
facing the magnetic field sensor and correcting a rota-
tion angle calculated by the rotation angle calculation
section by using correction values corresponding to the
detected magnetic pole or the detected pair of magnetic
poles.

7. The method according to claim 6, wherein the rotation
angle calculation section comprises a relative rotation angle
calculation portion for calculating a relative rotation angle
within an angular range in which a given magnetic pole or
a given pair of magnetic poles faces the magnetic field
sensor, and

wherein the relative rotation angle calculated by the
relative rotation angle calculation portion is corrected
by using the correction values.

8. The method according to claim 7, further comprising:

previously storing an error relation between a relative
rotation angle calculated by the relative rotation angle
calculation portion and an actual rotation angle for each
angular range, approximating the relation by a straight
line, and storing a correction coefficient and a correc-
tion intercept as the correction values, the correction
coeflicient being set such that the approximate line has
a slope of 0 and the correction intercept being set such
that an intercept of the approximate line is 0; and

correcting the relative rotation angle by multiplying the
relative rotation angle calculated by the relative rota-
tion angle calculation portion by the correction coeffi-
cient and adding the correction intercept.
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9. The method according to claim 7, further comprising:

detecting a rotation period that defines what number
periodic change in the magnetic field strength detected
by the magnetic field sensor from a reference position
as a reference of the rotation angle of the rotating shaft;
and

calculating a rotation angle from the reference position of

the rotating shaft based on the detected rotation period
and the corrected relative rotation angle.

10. The method according to claim 6, further comprising:

preliminarily storing correction values for each pair of

magnetic poles facing the magnetic field sensor;
detecting the pair of magnetic poles facing the magnetic
field sensor; and

correcting the rotation angle calculated by the rotation

angle calculation section by using the correction values
corresponding to the detected pair of magnetic poles.

11. The rotation angle sensor according to claim 3,
wherein the facing magnetic pole detecting means is con-
figured to detect a rotation period that defines what number
periodic change in the magnetic field strength detected by
the magnetic field sensor from a reference position as a
reference of the rotation angle of the rotating shaft, and

wherein the rotation angle calculation section comprises

an absolute rotation angle calculation portion that cal-
culates a rotation angle from the reference position of
the rotating shaft based on the rotation period detected
by the facing magnetic pole detecting means and the
relative rotation angle corrected by the rotation angle
correcting section.

12. The rotation angle sensor according to claim 2,
wherein the correction value storage section preliminarily
stores correction values for each pair of magnetic poles
facing the magnetic field sensor,

wherein the facing magnetic pole detecting means is

configured to detect the pair of magnetic poles facing
the magnetic field sensor, and

wherein the rotation angle correcting section is configured

to extract correction values corresponding to the pair of
magnetic poles detected by the facing magnetic pole
detecting means and to correct the rotation angle cal-
culated by the rotation angle calculation section by
using the extracted correction values.

13. The rotation angle sensor according to claim 3,
wherein the correction value storage section preliminarily
stores correction values for each pair of magnetic poles
facing the magnetic field sensor,

wherein the facing magnetic pole detecting means is

configured to detect the pair of magnetic poles facing
the magnetic field sensor, and

wherein the rotation angle correcting section is configured

to extract correction values corresponding to the pair of
magnetic poles detected by the facing magnetic pole
detecting means and to correct the rotation angle cal-
culated by the rotation angle calculation section by
using the extracted correction values.

14. The rotation angle sensor according to claim 4,
wherein the correction value storage section preliminarily
stores correction values for each pair of magnetic poles
facing the magnetic field sensor,

wherein the facing magnetic pole detecting means is

configured to detect the pair of magnetic poles facing
the magnetic field sensor, and
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wherein the rotation angle correcting section is configured
to extract correction values corresponding to the pair of
magnetic poles detected by the facing magnetic pole
detecting means and to correct the rotation angle cal-
culated by the rotation angle calculation section by
using the extracted correction values.

15. The rotation angle sensor according to claim 11,
wherein the correction value storage section preliminarily
stores correction values for each pair of magnetic poles
facing the magnetic field sensor,

wherein the facing magnetic pole detecting means is

configured to detect the pair of magnetic poles facing
the magnetic field sensor, and

wherein the rotation angle correcting section is configured

to extract correction values corresponding to the pair of
magnetic poles detected by the facing magnetic pole
detecting means and to correct the rotation angle cal-
culated by the rotation angle calculation section by
using the extracted correction values.

16. The method according to claim 8, further comprising:

detecting a rotation period that defines what number

periodic change in the magnetic field strength detected
by the magnetic field sensor from a reference position
as a reference of the rotation angle of the rotating shaft;
and

calculating a rotation angle from the reference position of

the rotating shaft based on the detected rotation period
and the corrected relative rotation angle.

17. The method according to claim 7, further comprising:

preliminarily storing correction values for each pair of

magnetic poles facing the magnetic field sensor;
detecting the pair of magnetic poles facing the magnetic
field sensor; and

correcting the rotation angle calculated by the rotation

angle calculation section by using the correction values
corresponding to the detected pair of magnetic poles.

18. The method according to claim 8, further comprising:

preliminarily storing correction values for each pair of

magnetic poles facing the magnetic field sensor;
detecting the pair of magnetic poles facing the magnetic
field sensor; and

correcting the rotation angle calculated by the rotation

angle calculation section by using the correction values
corresponding to the detected pair of magnetic poles.

19. The method according to claim 9, further comprising:

preliminarily storing correction values for each pair of

magnetic poles facing the magnetic field sensor;
detecting the pair of magnetic poles facing the magnetic
field sensor; and

correcting the rotation angle calculated by the rotation

angle calculation section by using the correction values
corresponding to the detected pair of magnetic poles.

20. The method according to claim 16, further compris-
ing:

preliminarily storing correction values for each pair of

magnetic poles facing the magnetic field sensor;
detecting the pair of magnetic poles facing the magnetic
field sensor; and

correcting the rotation angle calculated by the rotation

angle calculation section by using the correction values
corresponding to the detected pair of magnetic poles.
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